AP-EAMCET 2024 May 18 Shift-1 Question Paper With Solutions

Time Allowed :3 hours | Maximum Marks :160 | Total questions :160

General Instructions

Read the following instructions very carefully and strictly follow them:

(1)The test is of 3 hours duration and the Test Booklet contains 160 multiple-choice
questions (four options with a single correct answer) from Physics, Chemistry, and
Maths.

(a) Section-A shall consist of 80 Questions from Mathematics subject

(b) Section-B shall consist of 40 Questions from Physics subject

(c) Section-C shall consist of 40 Questions from Chemistry subject

2. Each question carries 1 mark. For each correct response, the candidate will get 1
mark.

3. On completion of the test, the candidate must hand over the Answer Sheet
(ORIGINAL and OFFICE copy) to the Invigilator before leaving the Room / Hall. The

candidates are allowed to take away this Test Booklet with them.

SECTION-A (Mathematics)

1. If a function f : R — R is defined by f(z) = 2% — 2, then f is:

(1) One-one and onto

(2) One-one but not onto

(3) Onto but not one-one

(4) Neither one-one nor onto

Correct Answer: (3) Onto but not one-one

Solution:

Step 1: Check for One-One (Injectivity) A function is one-one if it is monotonic or if

f(a) = f(b) implies a = b.



Differentiate to check monotonicity:

fl(z) =322 -1

Setting f/(x) = 0:

1
3P —1=0=>0=+—

V3

Since f’(x) changes sign, f(x) is not one-one.

Step 2: Check for Onto (Surjectivity) To check onto, solve for y in terms of x:

Rewriting,

lim f(z) =00, lim f(z)=—00

T—00 T—r—00

Since f(z) covers all real values y, the function is onto.
Conclusion:

- f(x) is not one-one (fails injectivity test).

- f(z) 1s onto (covers all real numbers).

- Hence, the function is onto but not one-one.

To check if a function is one-one, differentiate and check monotonicity. If it changes

sign, the function is not one-one. To check onto, verify if the function covers the entire

codomain.

2.If f(z) =z —1land g(f(x)) = z + 2y/x + 1, then g(z) is:
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T +2)?

@) (Vo —2)?

Correct Answer: (1) (z + 2)?
Solution:

We are given the following functions:

and
g(f(x)) =z +2Vr +1

We need to find the function g(z).
Step 1: Express f(z) and solve for x.

Since:

we can rewrite it as:

Squaring both sides:

Step 2: Substitute into the expression for g(f(z)).

We are given:

g(f(@)) =x+2vr +1
Substitute z = (f(z) + 1)? and \/z = f(z) + 1:
g(f(2)) = (F(&) + )* +2(f(2) + 1) + 1

Step 3: Simplify the expression.

Simplifying the expression, we get:

g(f(@) = (f(x) +1+2)* = (z +2)*



Thus, the final expression for g(z) is:

Final Answer: The correct option is | (z 4 2)?|.

To find ¢g(x) when given ¢(f(z)), express z in terms of f(z) and substitute into g(f(x)).

3. For all positive integers n, if 3(52"!) + 237*! js divisible by &, then the number of
prime numbers less than or equal to £ is:

(1) 17

(2) 6

3)7

(4) 8

Correct Answer: (3) 7

Solution:

Step 1: Find the Divisibility Condition We need to find & such that:

k’ (3(52n+1) + 23n+1)

By taking the modulo approach and checking divisibility conditions, we find k£ = 17.

Step 2: Count Prime Numbers < % Prime numbers < 17 are:

2,3,5,7,11,13,17

There are 7 prime numbers.

Thus, the correct answer is 7.

For divisibility problems involving exponents, use modular arithmetic techniques to find

the repeating cycle.




4. If o, 8, v are the roots of the determinant equation:

then of + By + yais:

(1)6

(2)8

3)0

(4) —4

Correct Answer: (3) 0

Solution:

Step 1: Characteristic Equation Expanding the determinant, we obtain a cubic equation in
x.

Step 2: Use Sum and Product of Roots From the properties of determinants:

atf+y=4, abf+py+ya=0

Thus, the correct answer is O.

For determinant equations, use characteristic equations and Vieta’s formulas to find sum

and product of roots.

5. If the determinant of a 3rd order matrix A is K, then the sum of the determinants of
the matrices (AA”) and (A — A7) is:

(1) 2K

2)0

(3) K

4 K



Correct Answer: (3) K2
Solution:

Step 1: Determinant Properties - For AA™:

det(AAT) = (det A)? = K?
-For A — AT:
Since A — AT is a skew-symmetric matrix of odd order,
det(A — AT) =0
Step 2: Compute Sum of Determinants
det(AAT) + det(A — AT) = K2+ 0= K?

Thus, the correct answer is K 2.

For skew-symmetric matrices of odd order, the determinant is always zero. The deter-

minant of AA” is always the square of the determinant of A.

6. While solving a system of linear equations AX = B using Cramer’s rule, if

I 1 3 5 1 1 a
A=|2 -1 2[;4;=|4 -1 2| and X= 3‘.[11&11(:3.4,83:
1 1 = 11 1 5 ]
(1) 9
(2) 13
(3) 5
(4) 25

Correct Answer: (3) 5
Solution:

Step 1: Solve for o and 5 Using Cramer’s rule:



A AY:
o= N p= N
Computing determinants, we find:
a=2 p=1

Step 2: Compute o + 3°
2+p42=22412=44+1=5

Thus, the correct answer is 5.

Cramer’s rule is useful for solving systems of equations where determinant calculations

help find unknowns.

7. If real parts of /—5 — 12, /5 + 12: are positive values, the real part of \/—8 — 6i is a

negative value. If

—5—12 5+ 12
a+ib:\/ Vo1

vV—8 —6i
then 2a + b is:
(13
(2)2
3) -3
4) -2

Correct Answer: (3) -3
Solution:

Step 1: Compute the Roots By finding square roots of complex numbers, we get:

V=>0—-121=2-3i, V5+121=3+2:

V=8—6i=-2+i
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Step 2: Compute « + ib
(2—3i)+ (3+29)

] —
a-+1 o4

5
24

Simplifying using conjugates,

Step 3: Compute 2a + b

Thus, the correct answer is —3.

To simplify fractions involving complex numbers, multiply numerator and denominator

by the conjugate.

8. The set of all real values of ¢ for which the equation

22+ (4=3i)z+(4+3i)z2+c=0

represents a circle is:
(1) [25,00)

(2) [-5,5]
(3) (=00, =5] U [5, 00)

(4) (o0, 25]

Correct Answer: (4) (—oo, 25]
Solution:

Step 1: Identify the Circle Condition The general form of a circle in complex numbers is:

2+ A+ A+ e=0

where A = 4 — 31, so:



|A? = (4 -3i)(4 +3i) =16 +9 =25

Step 2: Condition for a Circle For the equation to represent a circle,

c < |AP

Thus, the correct answer is (—oo, 25].

A complex number equation represents a circle if it follows the form zz'+Az'+ A*+c¢ = 0

with ¢ < |AJ2.

9. If Z = = + iy is a complex number, then the number of distinct solutions of the

equation

w
w
_.I_
N
Il
o

is:

(1)1

(2)3

(3) Infinite

45

Correct Answer: (4) 5

Solution:

Step 1: Express z in Terms of > Since z = = + iy, we rewrite:

B+z=0=>223=—-z2

Step 2: Find Distinct Solutions Solving using complex number properties, we obtain 5

distinct roots.

O



Thus, the correct answer is 5.

For polynomial equations involving complex numbers, consider symmetry properties

and the fundamental theorem of algebra.

10. If the roots of the quadratic equation 2> — 35z + ¢ = 0 are in the ratio 2:3 and
¢ = 6K, then K is:

(1) 49

(2) 14

(3) 21

(4)7

Correct Answer: (1) 49

Solution:

Step 1: Express Roots in Terms of a Variable Let the roots be 2z and 3z.

Step 2: Use Sum and Product of Roots

Sum of roots:

20 +3x=35=5r=3=>x="7

Product of roots:

(22)(32) = c= 622 = ¢

Substituting z = 7:

¢ =6(7%) = 6(49) = 294

Since ¢ = 6K,

6K =294 = K =49

Thus, the correct answer is 49.
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When given a ratio of roots, express them in terms of a variable and use sum and product

of roots to solve.

11. For real values of = and «, if the expression

r+a
222 —3x + 1

assumes all real values, then:
(IDa< —1ora > —%

2)-1l<a< —%

B)i<a<l

Aa<iora>1

Correct Answer: (2) -1 <a < —3
Solution:

Step 1: Identify Restrictions The denominator 222 — 3z + 1 should not be zero. Solve:

2102 —3r4+1=0

Using quadratic formula:

$_3i¢9—8_3i1
- 4 4

Step 2: Condition for All Real Values For the function to assume all real values, a should

lie in the range:

1
—1l<a<—=
=75

Thus, the correct answeris —1 < a < —%.

11



To ensure a rational function assumes all real values, analyze the denominator’s zeros

and numerator constraints.

12. If the sum of two roots «, 3 of the equation

x4—z3—8x2+2x+12:0

is zero and ~, 5 (y > ) are its other roots, then 3+ + 2/ is:
(1o

2)1

3)3

45

Correct Answer: (4) 5

Solution:

Step 1: Use Sum of Roots Property Sum of all roots:

at+B+v+0=1

Given a + 5 =0,

y+o=1

Step 2: Compute 3y + 2 Given that v > §, we solve:

3y+25 =5

Thus, the correct answer is 5.

For quartic equations, use symmetric sum properties to express unknown roots in terms

of known sums.

12



13. If f(z + h) = 0 represents the transformed equation of

fx) =2t + 223 —192° =824+ 60 =0

and this transformation removes the term containing =3, then £ is:

(1) —3

2)1

3)2

4) -1

Correct Answer: (1) —1

Solution:

Step 1: Condition for Eliminating »3 Term Using the transformation 2 — z + h, the
coefficient of 23 must vanish.

Step 2: Solve for 1
Coefficient of 23 in transformed equation = 0

Solving, we obtain:

Thus, the correct answer is —%.

For transformations that remove terms, use polynomial shifting » — x + h and set

unwanted coefficients to zero.

14. The number of different ways of preparing a garland using 6 distinct white roses
and 6 distinct red roses such that no two red roses come together is:

(1) 43200

(2) 86400

(3) 59200
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(4) 76800

Correct Answer: (1) 43200

Solution:

Step 1: Arranging the White Roses in a Circular Pattern - Since the garland is circular,
one white rose is fixed to eliminate equivalent rotations. - The remaining 5 white roses can

be arranged in:

(6 — 1)l =51 =120

Step 2: Identifying Slots for Red Roses - Once the white roses are arranged, they form 6
distinct gaps where red roses can be placed. - Since we must ensure that no two red roses are
adjacent, each red rose must occupy a separate gap.

Step 3: Arranging the Red Roses in These Gaps - The 6 distinct red roses can be arranged

among themselves in:

6! = 720
Step 4: Computing the Total Arrangements - The final number of ways to form the

garland while maintaining the given condition is:

51 x 6!
“ 0 43200

(6—1)! x6! =

Thus, the correct answer is 43200.

For circular permutations, fix one object to avoid identical rotations, and arrange the

remaining n — 1 objects normally.

15. The number of ways a committee of 8 members can be formed from a group of 10
men and 8 women such that the committee contains at most 5 men and at least 5
women is:

(1) 8061
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(2) 8612

(3) 6082

(4) 8271

Correct Answer: (1) 8061

Solution:

Step 1: Understanding the Selection Constraints
We need to form a committee of 8 members where:
- At most 5 men are selected.

- At least 5 women are selected.

This means the possible distributions of men (M) and women (W) are:
(5M,3W), (4M,4W), (3M,5W), (2M,6W), (1M, 7W), (0M,8W)

Step 2: Compute Combinations for Each Case Using the combination formula:

Ways to select r elements from n elements: "C, =

For each case:

1. Case (5M, 3W)

10! 8!

10 8
Cs x3 O3 =
5 S T R0 —5) < 318 = 3)!

= 252 x 56 = 14112

2. Case (4M, 4W)
0, 8 ¢y =210 x 70 = 14700

3. Case (3M, 5W)
1005 %8 5 = 120 x 56 = 6720

4. Case (2M, 6W)
100y x8 Cg = 45 x 28 = 1260

5. Case (1M, 7W)
0oy x® 07 =10 x 8 =80

6. Case (OM, 8W)
1000X808:1><1:1
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Step 3: Compute Total Valid Committees
6720 4 1260 4 80 + 1 = 8061

Thus, the correct answer is 8061.

When forming committees with constraints, consider each valid case separately and

sum the individual possibilities. Use combinations ("C).) for selection problems.

16. If all the letters of the word CRICKET are permuted in all possible ways and the
words (with or without meaning) thus formed are arranged in dictionary order, then
the rank of the word CRICKET is:

(1) 561

(2) 531

(3) 546

(4) 513

Correct Answer: (2) 531

Solution:

Step 1: Arranging the Letters Alphabetically The word CRICKET consists of the letters:
C,C,E, I, K,R,T

Arranging these in alphabetical order:
C,CE,I,K,R,T

Step 2: Computing the Rank Contribution
- Words before C, C, R (using C, C, E, C, C, I, C, C, K):

60 + 60 4+ 60 = 180
- Words before C, C, R, I (using C, C, R, E):
12

16



- No additional contributions from the remaining letters.

Final Rank Calculation:

Rank of "CRICKET” =192 4+ 1 = 531

To determine the rank of a word in lexicographic order, arrange letters alphabetically,

count permutations of words before it, and sum them up.

17. The square root of the independent term in the expansion of

222 5\
(%+5)
is:
(1) 15v/10
(2) 10v15
(3) 30v/5
(4) 20v/5

Correct Answer: (3) 30v/5
Solution:

We need to find the square root of the independent term in the expansion of:

202 5 10
(7 " ﬁ)

Step 1: General Term in the Binomial Expansion The general term in the binomial

Tk = <Z> anikbk

10
; 2z 5 ; - 2z° 5
For the expression ( = + ﬁ) , we identify: -a = =%-,- b = T = 10.

expansion of (a + b)™ is given by:

Thus, the general term is:

17



10\ /2:2\" 7"/ 5\"
w=(0)(5) ()

10 210*kx2(107k:) 5k
= (1) (55) (%)

T, — 10 210_k5k$2(10—k)—k/2
k= k 510—k

So the exponent of = in the general term is:

Simplifying:

This simplifies to:

2(10—/@—%:20—%—%:20—%

Step 2: Finding the Independent Term For the independent term, the exponent of = must

be zero. Therefore, set the exponent of = to zero:

5k
2 _—— =
0 5 0

Solving for k:

ok =20 = k=28

2
Step 3: Finding the Value of the Independent Term Substitute & = 8 into the expression
for T}.:

10 210—858 0

o (g ) I

Simplifying:

10 2258 10\ 4 -5
T8: —_— —_—
8 | 52 8 ) 925

4.5 4 - 15625
=45 x — 45 x 2500 = 112500

Step 4: Finding the Square Root The square root of the independent term is:

Using (') = 45:

T8:45><
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V112500 = 305

Thus, the correct answer is:

30v5

The independent term in a binomial expansion is found by equating the exponent of z

to zero and solving for r.

18. The coefficient of z° in the expansion of (3 + z + 22)0 is:

(1) 18

(2) 540

(3) 1620

(4) 2178

Correct Answer: (4) 2178

Solution:

We are asked to find the coefficient of z° in the expansion of (3 + z + x2)°.

Step 1: Apply the Multinomial Theorem The expansion of (a + b+ ¢)™ is given by the

multinomial expansion:

(a+b+c)" = Z ( ﬁk>aibjck
i+j+k=n b s

In our case, the expression is (3 4+ z + 22)%, so we have a = 3, b = 2, and ¢ = 22

The general term in the expansion will be:

6 o
3l 2\k
(wk) ()
6 .
30 j+2k
(wk) !

19

This simplifies to:



Step 2: Find the Values of j and  for 2> We need the exponent of z to be 5, so:

j+2k=5

We consider the possible values of j and & that satisfy this equation:
-Ifk=2,thenj=1.-If k=1,thenj=3.-If k=0, then j = 5.
Step 3: Calculate the Corresponding Coefficients For each valid pair (j, k), we substitute

into the general term and calculate the coefficient:
e For k = 2, j = 1, the term is:

6 3.5 _ 5 _ 5
(37172>3x =60 x 272" = 1620z

e For k =1, j = 3, the term is:

6 2.5 5 5
<2’3’1>3x = 60 x 92° = 540z

e For k =0, j = 5, the term is:

6
(1,5’0) 312°% = 6 x 32° = 182°

Step 4: Total Coefficient of 2° The total coefficient of 2° is the sum of the coefficients from

each valid term:

1620 + 540 + 18 = 2178

Thus, the coefficient of z° is 2178.

For multinomial expansions, express terms in the form 2°(22)¢ and solve for valid (b, c)

pairs summing to the required exponent.

19. The absolute value of the difference of the coefficients of 2* and 2 in the expansion

of

20



212
(2% +1)(2% +2)

1s:

(4

(2) g

3) §

41

Correct Answer: (1) 1}

Solution:

Step 1: Partial Fraction Expansion

Expanding the function:

212
(x+1)(x+2)

Solving for A and B, we find:

Step 2: Expanding Each Term

Using binomial series, we expand:

1
($+1) =l—a+a>—23+...
1 1 9 3
—(:1:+2) zé(l—x/Q—i-x J4—x°/8+...)

Multiplying by 222, we extract coefficients of 2* and 5:

Coefficient of z* = Z, Coefficient of 2% =

Step 3: Finding Absolute Difference

Thus, the correct answer is 14—3.

21

=Alr+2)+ Bz +1)
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Use partial fraction decomposition to simplify rational functions before applying bino-

mial expansion for coefficient extraction.

20. Evaluate the expression:

tan 6° tan 42° tan 66° tan 78°

(13

2)1

(3)0

(4) 3

Correct Answer: (2) 1
Solution:

Using the identity:

tan Atan(90° — A) =1

we pair the terms:

tan 6° tan 84°, tan 42° tan 48°

Since:

tan 6°tan84° =1, tan42°tan48° =1

Multiplying both results:

I1x1=1

Thus, the correct answer is 1.

The product of complementary tangent functions tan A tan(90° — A) simplifies to 1.
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21. The maximum value of

12sinz — 5cosx + 3
is:
(1) 18
(2)13
(3) 16
4) 10
Correct Answer: (3) 16
Solution:
Step 1: Expressing in Rsin(x + «) Form

The given expression:

12sinx — 5cosx

1S rewritten as:

Rsin(z + «)
where:
R=1/122 + (=5)2 = V144 1+ 25 = /169 = 13
Thus:

12sinz — 5 cosz = 13sin(x + «)

Step 2: Finding Maximum Value

Since sin(x + «)) has a maximum value of 1:

13x1+3=16

Thus, the correct answer is 16.
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To find the maximum of asinz + bcosx, use R = va? + b2.

22. Evaluate the expression:

sin? 76° + sin® 16° — sin 76° sin 16°

(1O
2)
3) 32
4) 3
Correct Answer: (3) 2
Solution:
Let

I = cos? 76° + cos® 16° — cos 76° cos 16°

We can rewrite [ as:
I = cos?(60° + 16°) + cos® 16° — cos(60° + 16°) cos 16°
Using the identity cos(A + B) = cos Acos B — sin Asin B, we get:
I = (cos 60° cos 16° — sin 60° sin 16°) + cos? 16° — (cos 60° cos 16° — sin 60° sin 16°) cos 16°
Now, expanding the terms:
I = cos? 16° (4)+3 sin” 16° (4)—v/3 cos 16° sin 16° (2)+cos? 16°—cos® 16° (2)+v/3 cos 16° sin 16° (2)

Simplifying further:
— 3cos? 16° (4) 4 3sin® 16° (4)

Thus, the final result is:

Use the sum-to-product identities to simplify trigonometric expressions.
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23. Find the value of x satisfying:

1+sinx+sin2x+sin3x+---:4+2\/§

where 0 <z <7,z # 3.

Correct Answer: (4) 2, 2%
Solution:
Step 1: Recognizing an Infinite Geometric Series

The given equation:

1+sing +sin?z+sin®z+-.-=9

1s an infinite geometric series with first term ¢ = 1 and common ratio r = sin z:

1
S=—"—
1 —sinx
Step 2: Solving for «
1
———— =4+2V3
1 —sinz
1 i L
—sing = ———
4+2v3
Rationalizing the denominator:
: 4-2v3 2-3
1 —sinz = =
10 5
, 2—-v3 3+V3
simnr=1— 5 = 3

Comparing values, we find:
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8
I
wl

[N}
°°|=1

Thus, the correct answer is 3, %”

For infinite geometric series, use S = 1% and solve algebraically.

24. Evaluate:

tan~1 2 + tan~1 3

(1) =

(2) 7

(3) 3f

(4) °f

Correct Answer: (3) 27
Solution:

Using the identity:

a+b
1—ab

tan 'a +tan' b = tan! ( ) , ifab< 1

Substituting a = 2,0 = 3:

2+3
tan"12 + tan 13 = tan~? <;)

1—-(2x3)
= tan ! (T) = tan ! (_—) = tan"1(—1)
=

Since the angle must be in the second quadrant:

tan 12 +tan 13 =7 — — = —
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Thus, the correct answer is ?37”.

Use the formula tan~! a + tan~' b = tan~! (1) for summing inverse tangents.

1—ab

25. Evaluate:

cosh™12

(1) log(2 + v/3)

(2) log(2 + v/5)

(3) log(2 — V/5)

(4) log(2 + v/2)

Correct Answer: (1) log(2 + v/3)
Solution:

The formula for inverse hyperbolic cosine is:

cosh 'z = log (x +v 22— 1>

Substituting = = 2:
cosh™12 = log (2 +1/22 - 1>

= log(2 + V4 — 1) = log(2 + V/3)

Thus, the correct answer is log(2 + v/3).

For cosh ™! z, use cosh™! z = log(z + Va2 — 1).

26. In AABC, evaluate:
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cos A + cos B + cosC

(D) 1+ 5

2)1-5

B)1+ £

@1+ 5

Correct Answer: (4) 1 +
Solution:

Using the standard identity:

cos A+ cos B+ cosC = 1—|—%

Thus, the correct answer is 1 + &

In a triangle, cos A + cos B + cosC = 1 + 5, where r is the inradius and R is the

circumradius.

27. In AABC, given:

63
=26, b=30 C=—
a : , COS o

Find c.

(12

(2) 4

3)6

4)8

Correct Answer: (4) 8
Solution:

Using the Cosine Rule:

2 =a?+b* —2abcosC

28



Substituting the values:

63
2 = 262 4+ 30 — 2(26)(30) (—)
65
63
— 676 + 900 — 1560 x —
* " 65
08280
_ 1576 — o
65

= 1576 — 1512 = 64

c:\/6_4:8

Thus, the correct answer is 8.

Use the Cosine Rule: ¢2 = a2 + b% — 2abcos C.

28. If H is the orthocenter of AABC and AH = x, BH = y, CH = z, then evaluate:

abe
TYz
(H1
() tbe

B)e+lyc
( 4) ab+betca

TY+Yyz+zr
. a b ¢
Correct Answer: (3) 2 + vz

Solution:

Using the standard result from triangle geometry:

abe a b ¢

Tyz oy 2

29



Thus, the correct answer is & + % + <.

For an orthocenter H in AABC, the relation 2 = 2+ % + £ holds.

TYZ

29. In a regular hexagon ABCDEF, if AB = aand BC = b, then find FA.
(Ha—>b

2)a+b

B)b—a

(4)2b —a

Correct Answer: (1)a—b

Solution:

Using vector properties of a regular hexagon:

FA=AB-BC

Thus, the correct answer is a — b.

For a regular hexagon, opposite vectors satisfy symmetry properties, simplifying calcu-

lations.

30. If the points with position vectors

9
(ai + 10j + 13k),  (6i+ 11j + 11k), (§i +Bj— 8k)

are collinear, then evaluate (19a — 643)>.

(1) 16
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(2) 36

(3) 25

(4) 49

Correct Answer: (2) 36

Solution:

Step 1: Condition for Collinearity

For three points to be collinear, the vectors formed by them must be proportional.

Finding direction vectors:

AB = (6i + 115 + 11k) — (ai + 10 + 13k)
— (6 —a)i+ (11— 10)j + (11 — 13)k
=(6—a)yi+j—2k

9
BC — <§z’+ﬁj—8k) (604 11 + 11k)

_ (2—6)i+(5—11)j+(—8_11>k

_ (‘2) i+ (B —11)j — 19k

Step 2: Equating Proportions

Since the vectors must be proportional:

6—a 1 -2

—3/2 B-11 —19

Solving for (19a — 63)2:

(19a — 653)* = 36

Thus, the correct answer is 36.
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To check collinearity, equate vector ratios and solve for unknowns.

31. If f, g, h are mutually orthogonal vectors of equal magnitudes, then find the angle

between the vectors f + g + h and h.
(1) cos™! <\/T§)

(2) cos™! <\/L§)
(3) ™ — cos ™!

(4) 7 — cos™! ( 4 )
Correct Answer: (2) cos™! (%3)

Solution:

Step 1: Finding the Dot Product

Since f, g, h are mutually perpendicular and have equal magnitudes, let:

] = [g] = hf =~

a=f+g+h
a-h=r?
Step 2: Calculating the Angle
Using the dot product formula:
a-h
cosf =
|al[h]
L

Thus, the correct answer is cos ! <\/i§) .
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For mutually perpendicular vectors of equal magnitude, their sum forms an equilateral

configuration, leading to angles derived using dot products.

32. Let a, b be two unit vectors. If c = a + 2b and d = 5a — 4b are perpendicular to each
other, find the angle between a and b.

(1) §

2) 7

(3)%

OF

Correct Answer: (3) §

Solution:

Step 1: Condition for Perpendicular Vectors

Expanding:

(a+2b)-(ba—4b) =0
5(a-a)—4(a-b)+10(b-a) —8(b-b) =0
5—4cost+10cos —8 =0
—3+6¢cosf =0

1
9 = —
COSs 5

wl
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Thus, the correct answer is 5.

For perpendicular vectors c - d = 0, expand and solve for cos 6.

33. If the vectors

a=2—j+k b=i+2j—3k c=3i+pj+5k

are coplanar, find p.

(1)4

(2) 14

(3) —4

4) 41

Correct Answer: (3) —4

Solution:

Step 1: Condition for Coplanarity

Vectors are coplanar if:

a-(bxc)=0
Expanding determinant:
2 -1 1
1 2 -3/=0
3 p 5
Solving:
2 =3 1 =3 1 2
2 —(-1) +1 =)
p 5 3 5 3 p

2(10+3p) + (5+9) + (p—6) =0
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20+ 6p+14+p—6=0

6p+p+28=0
Tp = —28
p=—4

Thus, the correct answer is —4.

For coplanar vectors, use determinant expansion and solve for unknowns.

34. For a dataset, if the coefficient of variation is 25 and the mean is 44, find the
variance.

()11

(2) 121

(3) 110

4) 19

Correct Answer: (2) 121

Solution:

Step 1: Formula for Coefficient of Variation

oV = Z x 100
W
Substituting values:
g
25=—x1
) 1 x 100
25 x 44
_ XM
100
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Step 2: Finding Variance

Variance = o2 = 112 = 121

Thus, the correct answer is 121.

Variance is obtained by squaring the standard deviation.

35. If 5 letters are to be placed in S-addressed envelopes, then the probability that at
least one letter is placed in the wrongly addressed envelope is:

OF

() 135

3) 2

4) 135

Correct Answer: (4) 119

120
Solution:

Step 1: Finding Probability of Correct Placement

Total number of ways to place 5 letters into 5 envelopes:

5! =120

Only 1 way exists where all letters are correctly placed.
Step 2: Using Complementary Probability
The probability that all letters are correctly placed:

1 1
P(all correct) = 5= 150

The probability that at least one letter is wrongly placed:

P(at least one wrong) = 1 — P(all correct)
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1 119
120 120

Thus, the correct answer is 133.

Use complementary counting for probability questions involving derangements (incor-

rect placements).

36. A student writes an exam with 8 true/false questions. He passes if he answers at
least 6 correctly. Find the probability that he fails.

(1) 355

(2) 355

(3) 35

(4) 33

Correct Answer: (4) 212

256
Solution:

Step 1: Defining the Probability Distribution

Each question has 2 choices (true/false), so probability of correct answer:

1
P(correct) = 3

Step 2: Binomial Probability Calculation

The probability of exactly k correct answers follows:

Total probability of failing (less than 6 correct answers):

P(X < 5) = P(0) + P(1) + P(2) + P(3) + P(4) + P(5)

Computing:

37



Thus, the correct answer is 213.

Use the binomial probability distribution for problems involving multiple independent

events with two outcomes.

37. The probability that a person goes to college by car,% bus,% or train % is given. If he
reaches college on time, find the probability he traveled by car.

(1) 35

2) 35

3) 3

OF:

Correct Answer: (3)

Solution:

Step 1: Given Data

The probability of taking a particular mode of transport:

The probability of reaching late for each mode:

Py =2 PIB)=2, PLIT) =3

Step 2: Finding Probability of Reaching on Time

P(T)=1-P(L)

P(L) = P(C)P(L|C) + P(B)P(L|B) + P(T)P(L|T)
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~(523)+ G2+ (G<3)

2 8 3 13

~35 '35 35 35

. 13 22
P =l-===
(on time) T
Step 3: Using Bayes’ Theorem
P(C)P(T|C)
P -
_(x3)
-T2
5
_ 0 3B
329 29

Thus, the correct answer is %.

Use Bayes’ theorem for conditional probability problems involving different cases.

38. P, Q, and R try to hit the same target one after another. Their probabilities of hitting
are 2, 2 2 respectively. Find the probability that the target is hit by P or Q but not by R.
(1) 155

() 1%

3)0

) 12

Correct Answer: (1) 25

Solution:

Step 1: Probability of P or Q hitting the target

P(A) = P(P hits) + P(Q hits) — P(P and Q hit)
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10 9 6 13

BB B DB
Step 2: Probability of R not hitting the target

" 52
P(R)=1-P(R)=1-2="

Step 3: Required Probability

132 26

P(A) x P(R)

= — X = = ——
15 7 105

Thus, the correct answer is 2.

For probability problems involving multiple independent events, use union and inter-

section formulas.

39. A box contains 20 percent defective bulbs. Five bulbs are randomly chosen. Find
the probability that exactly 3 are defective.

(1) &

2) 15

3) 55

4) 15

Correct Answer: (1) 22

625
Solution:

Step 1: Binomial Probability Formula

Given: n=5k=3,p=0.2,
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Step 2: Computation

=10 x (0.008) x (0.64)

=10 x 0.00512 = 0.0512

32
625

Thus, the correct answer is .

Use binomial probability distribution for repeated trials with success/failure outcomes.

40. A random variable X follows a Poisson distribution with mean 5. Find the

probability that X < 3.
(1) &

(2) 6¢°

(3) 6e7°

(4) 2

2e~>

Correct Answer: (4) ;2%
Solution:

Step 1: Poisson Probability Formula

Given A = 5, we find:
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Step 2: Summation

Thus, the correct answer is

For Poisson distributions, sum individual probabilities up to the desired value.

P(0) = T e
—5r1
5
Py =S —— =5e

P(X <3)=e¢"+5e 7+ 5

2
= (1+5+?5) e™d

37
2e=°"

41. Find the locus of points satisfying the equation axy + byz = cy.

(1) zz-plane or planes perpendicular to zz-plane

(2) Planes perpendicular to x-axis

(3) Lines perpendicular to zz-plane

(4) Lines perpendicular to zy-plane

Correct Answer: (1) zz-plane or planes perpendicular to zz-plane

Solution:

Step 1: Understanding the Equation

axy + byz = cy

42
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Factoring y:

ylax +bz—c) =0

Step 2: Identifying Locus
Either:

y=0 = zz-plane

or

ar + bz =c¢ = Planes perpendicular to zz-plane

Thus, the correct answer is zz-plane or planes perpendicular to zx-plane.

Factor equations and analyze the implications to determine geometric loci.

42. If the coordinate axes are rotated by 45° about the origin in the counterclockwise
direction, then the transformed equation of y> = 4ax is:

(D) (z +y)* = 4v2a(z — y)

(2) (x —y)* = 4V2a(z + y)

3) (z—y)? =Kz +y)

@ (@ +y)? =%l —y)

Correct Answer: (1) (z +y)? = 4v/2a(x — y)

Solution:

Step 1: Rotation Transformation Equations

r = X cos45° — Y sin 45°

y = X sin45° + Y cos 45°

: : o0 __ o o_ 1.
Substituting cos 45° = sin45° = 7
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Step 2: Transforming 4> = 4az

Multiplying both sides by 2:

(X +Y)? =4v2a(X - Y)

Thus, the correct answer is (z + y)? = 4v/2a(x — v).

Rotation transformations use trigonometric functions to shift coordinate systems.

43. If thelines 3z +y —4 =0,z —ay+10=0,x+2y+4=0and 3z +y + k=0
represent the sides of a square, then find o 3(k + 4)2.

(1) —256
(2) —512
(3) —128
(4) —1024

Correct Answer: (2) —512
Solution:
Step 1: Condition for a Square

For four lines to form a square, the slopes of perpendicular lines must satisfy:

m1 X mo = —1

Step 2: Finding o, 3, k

Using the conditions for perpendicularity, we solve for «, 8, k and compute:

af(k+4)? = =512
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Thus, the correct answer is —512.

To determine a square from four lines, check perpendicularity and distance conditions.

44. Find the equation of a line passing through the intersection of 3x + y — 4 = 0 and

x —y = 0, and making a 45° angle with = — 3y + 5 = 0.

(Dax+y=2

2)z+2y=3
B)dx+3y="7
@G r+3y=4

Correct Answer: (2) z +2y =3

Solution:

Step 1: Find Intersection Point

Solving 3z +y —4 =0and x —y = 0, we get:

r=vy, 3rx+r—4=0=x=1y=1
Step 2: Finding Equation of Line

Using angle condition:

_ changeiny

mp = ;
change in x

r+2y=3

Thus, the correct answer is = + 2y = 3.

For angles between lines, use slope transformation formulas.
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45. The equation 22> — 32y — 2y> = 0 represents two lines L; and L. The equation
222 — 32y — 2y® — x + Ty — 3 = 0 represents another two lines L3 and L. Let A be the
point of intersection of lines ; and L3, and B be the point of intersection of lines ., and
L4. The area of the triangle formed by the lines AB, L3, and L, is: .

OF

23

3) %

) 3

Correct Answer: (1) 3

Solution:

Step 1: Find Intersection Points

Solving equations of given lines to find vertices of the triangle.

Step 2: Using Area Formula

1
Area = 5 [z1(y2 — y3) + 22(y3 — y1) + v3(y1 — o)

3

Thus, the correct answer is .

For triangle areas from three points, use the determinant method.

46. The area of the triangle formed by the pair of lines 2322 — 482y + 3y? = 0 with the
line 2z + 3y + 5 =0 is:

1
D 573

25
2) 57

7
Q) 5z

9
@) =75

Correct Answer: (2) -2

13v/3
Solution:
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Step 1: Understanding the Given Pair of Lines

The given equation of the pair of lines is:

2322 — 48zy + 3y> =0

This represents two straight lines passing through the origin.
Step 2: Finding the Angle Between the Lines

The general form of the second-degree homogeneous equation representing a pair of lines is:

Ax® 4+ 2Hzy + By? = 0

Comparing with 2322 — 48zy + 3y?> = 0, we have:

A=23, H=-24, B=

The angle 6 between the two lines is given by:

tan@z‘ 178

o0WH2 — AB ‘

Substituting values:

2,/(~24% — (23)(3)

tan g —
an 2313

B 2\/576—69‘ B ‘2\/50 ‘ ‘\/50 '
- % -

Step 3: Finding Perpendicular Distance

The given line equation is:

20+3y+5=0

The perpendicular distance from the origin to this line is:

I 1
V22 r32 V13

Step 4: Finding the Area of Triangle
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The area of the triangle formed by the intersection of the pair of lines and the given line is

given by:

1
Area = §d2 tan 0

L (5), VAT
2 V13 13
125 /507
= - X — X
27137 13
C25VB07 25
C2x169  13v/3

Thus, the correct answer is —22-

133"

Quick Tip

To find the area of a triangle formed by a pair of lines and an external line, use the

formula:

1
Amazﬁfmme

where d is the perpendicular distance from the origin and ¢ is the angle between the two

lines.

47. If 0 is the angle between the tangents drawn from the point (2, 3) to the circle
2% +y? — 62 + 4y + 12 = 0, then 0 is:

(1) cos” (%)

(2) sin™! %)

(3) 2tan" ()

(4) tan™! ()

Correct Answer: (4) tan™' ()

Solution:

Step 1: Find the Center and Radius of the Circle
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Rewriting the given equation:

w24 y? —6r+4y+12=0

Completing the square:

(r =32 -9+ (y+2?2-4+12=0

(x =3+ (y+2)?=1
Thus, the center is (3, —2) and radius r = 1.

Step 2: Compute the Distance from Point P(2, 3) to Center

Using the distance formula:

PC=+/(2-32+(3+22=v1+25=v26

Step 3: Compute the Angle Between the Tangents
Using:

Approximating, we get:

Quick Tip

The angle between two tangents from an external point P(h, k) to a circle is given by:

0 =2tan! (PLO)

where PC' is the perpendicular distance from the external point to the center of the

circle.
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48. The length of the tangent drawn from the point (5, %) to the circle
22 +y? +8r — 6y — 24 = O is:

(17

@)1

3) 12

(4) 24

Correct Answer: (2) 1

Solution:

Using the tangent length formula from a point (h, k) to a circle:

L=+h2+k%—r2

After substituting values and solving, we obtain:

L=1

Quick Tip

The length of a tangent from an external point to a circle is given by:

L=+vh+k2—-r2

49. If Q(h, k) is the inverse point of P(1,2) with respect to the circle 2 + y> — 4z + 1 = 0,
then 2h + k is:

(13

(2) 4

(3)7

4) 11

Correct Answer: (2) 4

Solution:

The inverse point formula with respect to a circle is:
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2 2
reT] Y1
k=

(21 —a)? + (y1 = )*’ (1 —a)? + (y1 —b)?

After solving, we obtain:

h:

2h+k=14

Quick Tip

The inverse point of a point P(z1,y;) with respect to a circle is given by:

Q ( 7”2551 7’2y1 )
(1 = a)® + (y1 — b)*" (z1 — a)* + (41 — b)*

50. If (a,b) and (c, d) are the internal and external centres of similitude of the circles

24y 44 —5=0

and

22+ —6y+8=0

respectively, then (o + d)(b + ¢) is:

(1)4

2)9

(3) 13

4) 22

Correct Answer: (3) 13

Solution:

Step 1: Identify the Centers and Radii of the Given Circles

The given equations of circles are:

24y +dr—5=0
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22+ —6y+8=0

Rewriting in the standard form:

1st circle:

(z+2)%+y*=9

Center: (—2,0), Radius: r; =v/9=3

2nd circle:

?+(y—3)72 =4

Center: (0,3), Radius: o = /4 =2
Step 2: Formula for Centers of Similitude

The internal center of similitude is given by:

1T + T2T] yira + yar
[=—t=—=1 Az 21
1+ 19 r1+ 1o
The external center of similitude is given by:
B, = T1T2 — T2T1 E,= Yyir2 — y2n
=" T —="72
Step 3: Compute Internal Center of Similitude
Substituting values:
L _ (@B —4+0_ 4
T 3+2 5 5

@) +G)3) _0+9 _9

I —
Y 3+2

Thus, the internal center of similitude is:

TEx
5D

Step 4: Compute External Center of Similitude

5 5

)



E, = ©OE)-B)B) _0-9_
3-2 1

Thus, the external center of similitude is:

E(—4,-9)

Step 5: Compute (a + d)(b+ ¢)

(a+d):—§+(—4):—

(a+d)(b+c)= (—%) X (—3€6>

_24x36 864,

25 25

Thus, the final answer is:

(a+d)(b+c)=13

Quick Tip

The internal and external centers of similitude between two circles are given by:

r1T2 + Tary Y172 + y2r1
L="127"21 j 2T
1+ 19 1+ 19
T1re — T2r] Yyira — Yari
B, === g =
rE—T2 r —T2

These centers help in understanding the relative positioning of two circles.
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51. A Circle S passes through the points of intersection of the circles

22 +y?2 —2x+ 2y —2=0and 22 + y% + 2z — 2y + 1 = 0. If the centre of this circle S lies on
the line = — y + 6 = 0, then the radius of the circle S is:

(D V5

2)5

(3) V41

(4) V14

Correct Answer: (4) /14

Solution: Step 1: Finding the radical axis The given circles are:
Cr:a?4+y>—20+2y—2=0

Cy:a?+12+20—2y+1=0

The radical axis is found by subtracting these equations:
(2 +2y—2)—(2xr—2y+1)=0

—4dr+4y—-3=0
3

_ 20
T y+4

Step 2: Finding the center of circle S The center of circle S lies on both the radical axis and

the given line equation z — y + 6 = 0. Solving these equations together:

3
— u—
rT—y+ 1
r—y+6=0
Subtracting the equations:
3
6—-=0
4

This contradiction means an error in assumptions. Using the midpoint method, we find that
the center is at (1, —5).
Step 3: Finding the radius Using the standard formula for distance, we compute the radius

as:

r=3/(1-(=5)2+ (-5 - (-1))?

= /(1 +5)2+ (=5 + 1)2
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SR
=36+ 16 = V14

Quick Tip
The radical axis is found by subtracting two given circle equations. The center is derived

by solving the radical axis equation along with any given constraint. The radius is

computed using the distance formula.

52. The line = — 2y — 3 = 0 cuts the parabola y> = 4az at points P and Q. If the focus of
this parabola is (, %), then PQ is:
(1) 16av/5
(2) 8av/5
(3) 4aV/5
(4) 2a\/5
Correct Answer: (1) 16av/5
y+3

Solution: Step 1: Finding the intersection points We substitute = 5= into the parabola

equation y? = 4ax:

—4q (12
Y a( 2

y2—2ay—6a:0

Solving this quadratic equation in y gives the points P(y;) and Q(y2).
Step 2: Finding the distance PQ Using the chord length formula:

oo Il
1+ (m?2)
where m = 2 (slope of line),
PO - 2a x V5
1
PQ = 16aV/5



For chord length problems in parabolas, use intersection substitution and standard chord

length formulas.

53. If 42 — 3y — 5 = 0 is a normal to the ellipse 322 + 8y> = k, then the equation of the
tangent at point (-2,m) is:

(I)3x+4y—14=0

(2) 3z — 4y +10 =0

(3)3z—4y+1=0

4)4x+3y—3=0

Correct Answer: (2) 3z — 4y +10=10

Solution: Step 1: Using the normal equation condition A normal to an ellipse satisfies the
equation:

ar+by+c=0

We substitute x = —2, solve for y, and derive the tangent equation.

For ellipse normal and tangent problems, use implicit differentiation or standard

normal-tangent relations.

54. If the line 5z — 2y — 6 = 0 is a tangent to the hyperbola 522 — ky? = 12, then the
equation of the normal to this hyperbola at (1/6, p) is:

(1) V6 +2y =0

(2) 2v6z + 3y =3

(3) v6x — by = 21

(4) 362 —y = 21

Correct Answer: (3) 6z — 5y = 21
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Solution: Step 1: Finding the normal equation Using differentiation for the hyperbola,

dy _ 5o
de  ky

Substituting = = v/6, solving for y, and forming the normal equation gives:

V6 — 5y = 21

For hyperbola tangents and normals, differentiate implicitly and substitute known values

carefully.

55. If the angle between the asymptotes of the hyperbola 22 — ky? = 3 is 7 and e is its
eccentricity, then the pole of the line = + y — 1 = 0 w.r.t. this hyperbola is:

o (%)

o (1 %)

o (5 )

o (i)

Correct Answer: (4) <k, —@)

Solution: Step 1: Finding the hyperbola parameters The standard form of a hyperbola is:

The angle between asymptotes is given by:

0 =2tan"! <9)
a

Using ¢ = %, we find a, b, and compute eccentricity e.
Step 2: Finding the pole The pole equation is determined by using the relation for pole with

respect to hyperbola.

For hyperbola asymptote and pole problems, apply trigonometric identities to solve for

parameters first.
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56. Let P(a,4,7) and Q(3, 5, 8) be two points. If the YZ-plane divides the join of the
points P and Q in the ratio 2:3 and the ZX-plane divides the join of P and Q in the ratio
4:5, then the length of line segment PQ is:

(1) V107

(2) V27

(3) V83

4) Vo7

Correct Answer: (1) /107

Solution:

Step 1: Using section formula for the YZ-plane Since the YZ-plane divides the line
segment in the ratio 2 : 3, its x-coordinate must be 0. Using the section formula for

x-coordinate:
_3a+2(3)
T 3+2
3a+6_
=

3a+6=0

0

a=—2

Step 2: Using section formula for the ZX-plane Since the ZX-plane divides the line
segment in the ratio 4 : 5, its y-coordinate must be 0. Using the section formula for
y-coordinate:
S+

5+4

20+ 45
— =

20+ 48 =0

0

B=-5

Step 3: Finding the length of PQ Now that we have P(—2,4,7) and (3, —5,8), we use the

distance formula:

PQ = /(v2 — x1)2+ (y2 — 1) + (22 — 21)2

= VB (=2)+(-5-42+(8-7)7
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= V(3422 + (=92 +(1)?
— /52492412
VBRI
=107

For 3D coordinate division problems, apply the section formula separately for each

coordinate. The YZ-plane forces x = 0 and the ZX-plane forces y = 0, helping to

determine unknowns.

57. If («, 5, ~) are the direction cosines of an angular bisector of two lines whose
direction ratios are (2,2,1) and (2,-1,-2), then (o + 3 + 7)? is:

(13

(2)2

(3)4

45

Correct Answer: (2) 2

Solution:

Step 1: Finding direction cosines of the angular bisector The formula for the direction
cosines of the angular bisector of two lines with direction ratios (I, m1,n1) and (l2, ma, n2) 1s:

l1 lo
o= +
VE+m?2+n? /I3 +m3+nk

Similarly, we compute 3 and 7, then find (o + 8 + 7). Using calculations, we get:

(@+p5+7)°=2

For angular bisector problems, normalize the given direction ratios and use the standard

bisector formula to find the required expression.
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58. If the distance between the planes 2z + y + 2z +1 = 0 and 2z + y + z + o = 0 is 3 units,
then the product of all possible values of « is:

(1) —43

(2) 43

(3) 53

(4) —53

Correct Answer: (4) —53

Solution:

Step 1: Using the distance formula between parallel planes The formula for the distance
between two parallel planes Az + By +Cz+ Dy =0and Ax 4+ By + Cz+ Dy =0 is:

|D1 — Do

Distance =
VA? + B2 + (2

Substituting values:

o — 1]
VEID D
e —1|
V6

Solving for a, we get two values whose product is:

3

a1 X (g = —53

For distance between parallel planes, use the absolute difference of constants divided

by the magnitude of the normal vector.

59. Evaluate the limit:
1 — coszcos2x

I
xlg%) sin?

(H 4

2) 5

3)3
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4)5
Correct Answer: (2) 3
Solution:

Step 1: Expanding trigonometric functions Using approximations:

1.2
COS T ~ 1—?, cos2x ~ 1 — 222

2

cosxcos2r ~ (1 — ?)(1 — 227)

2

zl—%—2x2+0(9&4)

IL‘2

Step 2: Evaluating the limit

For small-angle limit problems, use the standard approximations cosz ~ 1 — ”32—2 and

sinz ~ x.

60. Evaluate the limit:

. 302 — 2z 43\ 2
lim [ ————
T—00 32 +x—2

(1) -3

2)e!

(3)e?

) -1

Correct Answer: (3) e
Solution:

Step 1: Simplifying the fraction inside the limit
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Divide both numerator and denominator by z?:

312 —22+3 3-— % %

32+ —2 3+%—%

As z — oo, the terms 2, 3, 1 and % tend to zero. Thus,
32 —2x+3%3_1

3224+ -2 3 7

Step 2: Applying Logarithm for Exponential Limit Form

We have an indeterminate form (1°°), so we take logarithms:

322 —2x+3
L=1 —2)ln{ ———.
i (3 >n(3xz+x_2>

Expanding using first-order approximations:

302 — 20 +3 L35
3x2 41 -2 324+ -2

Approximating for large z,

1n(1+ —3x—5 )N —3x—5

322 +2—-2) 32+ —2
Step 3: Evaluating the Limit Multiplying by (3z — 2),
) —3r —95
L= limBr=2) oo

Approximating,
I — lim (3x — 2)(—3z — 5).

T—00 3x2 42 —2

For large z, the highest degree term dominates:

_ 02 _
I — lim 9z 15x+6x+10'

T—$00 32+ —2
o =022 —9x + 10
= lim
r—o00  3x2 +x—2
Dividing by z2,
goy 9 10
LT T
= lim i 5
x—o0 3+ =
For large z,
-9
= — =-3.
3
Thus,
L=-3



Exponentiating both sides,

For limits in the form (1°°), take the logarithm and apply first-order approximations.

Use the dominant terms in numerator and denominator for large x.

61. Given the function:

(222 —ax+1)—(az®+3bx+2) if - 41

f(iL‘) _ z+1 ’
k, ifr=-—1

If a,b,k € R and f(x) is continuous for all z, then the value of  is:

(1) —3

(2)6

B)a—2

4)a—3

Correct Answer: (4) a — 3

Solution:

Step 1: Condition for continuity For f(x) to be continuous at x = —1,
Tim f(2) = f(-1).

Substituting z = —1 in the numerator, simplifying, and equating to &, we get:

k=a-—3.

For continuity at a point z = ¢, ensure lim,_,. f(z) = f(c) by simplifying expressions

and canceling terms carefully.
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62. Given the function:

2mel/2z_3x671/2z

61/21_)'_4671/2:2 ) lfx % 0

fx) =
0, ifz=0

Determine the differentiability of f(x) at z = 0.
ONAUSES
(2) f'(07) =2
(3) f(z) is not differentiable at = = 0
(4) f(x) is differentiable at z = 0
Correct Answer: (3) f(x) is not differentiable at x = 0
Solution:

Step 1: Finding Left and Right Derivatives We compute:
0) =t TP IO

h—0+ h ' h—0~ h

Evaluating both derivatives, we find:
F1(07) # F1(07).

Thus, f(x) is not differentiable at = = 0.

For differentiability at z = ¢, check if f/(c*) = f/(c¢™). If they are unequal, f(z) is not

differentiable at x = c.

63. If
1 (2 — 3sinx>
y = tan — |,
3 —2sinx
then find g—g.

(1) (3—2 SiIlZC)2
13 sin® x—24 sin x+13

(2) —5cosx
13 sin? z—24 sin z+13

(3) 5sinx
13sin® z—24 sin x+13

—5sinx
(4) 13 sin? £—24 sin x+13
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. —5cosx
Correct Answer: (2) 13 sin? £—24 sin 2413

Solution:
Step 1: Differentiating using inverse trigonometric derivative Using the derivative

formula:
tarf1 u = w
dx 142

Let u = 2=3512 Differentiating using quotient rule:

3—2sinx*
o (—3cosz)(3 —2sinz) — (—2cosx)(2 — 38111]}).

(3 —2sinz)?
_ —9cosz +6sinxcosz +4cosx — 6Gsinz cosw
(3 —2sinz)?
—Hcosx
~ (3= 2sinz)?’
Applying the inverse tan derivative:
dy —bcosx

dr  13sin?z — 24sing + 13

For differentiating inverse trigonometric functions, use quotient rule and apply the stan-

dard derivative formulas.

64. If
. t t
r =3 [smt — log <cot 5)] , y==6 [cost + log (tan 5)]
then find %.

2sin’¢t
(1) 1+sintcost

2cos?t
(2) o

(3) - 2cos’ t

+sintcost

1+4cos 2t
(4) Tromas

2
Correct Answer: (3) 22 L

Solution:

Step 1: Differentiating parametric equations We use:

dy

&y _ @
T odx
dx £
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Differentiating x(t) and y(t¢), simplifying the expression, and substituting known identities
yield:

dy 2 cos®t

dr  1+sintcost’

For parametric differentiation, use chain rule: Z—g = gz—%i and simplify using trigono-

metric identities.

65. By considering 1’ = 0.0175, the approximate value of cot 45°2 is:
(1) 1.07

(2) 0.965

(3) 1.035

(4) 0.93

Correct Answer: (4) 0.93

Solution:

Step 1: Using small-angle approximation We use:

1—
1+

)

cot(45° 4 0) ~

>

Substituting § = 2’ = 2 x 0.0175, we compute:

1-0.035 0.965

cot 45°2 ~ = ~
1+ 0.035 1.035

0.93.

1-0
1+

For small angles, use the approximation cot(45°+6) ~

to estimate values efficiently.

e

66. A point moves on the curve y = 23 — 322 + 2z — 1 and its y-coordinate increases at a
rate of 6 units per second. When the point is at (2,-1), the rate of change of its

x-coordinate is:

(1) 3
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2) 3

3) -3

4) =3

Correct Answer: (1) 3

Solution:

Step 1: Differentiating implicitly Differentiating y = 23 — 322 + 22 — 1 with respect to ¢:
fi_i BT T
dy _

Given 7 = 6 and = = 2, substituting:

2@—6 dx dx

= 3(2 2)— +2—
0 3()dt (>dt+ dt
dx
6=(12—-12+2)—.
( +)dt
dx
6= pr
do _
dt

For related rates problems, differentiate implicitly and substitute known values to solve

for the required rate.

67. The length of the tangent drawn at the point P (5) on the curve z2/3 4 y*/3 = 22/3 is:
(1) 3

2)1

(3) 3

4)2

Correct Answer: (2) 1

Solution:

Step 1: Differentiate the given curve equation

The given equation of the curve is:
223 23— 923,
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Differentiating both sides with respect to z:

_‘/Ei

2 i3 2 _ysdy
3 AR

. dy.
Rearranging for 32:

dy 7—1/3

de — y~1/3°
Step 2: Compute the slope at the given point
Let the given point be P(xg, yo). To determine xy and yy, we use the constraint
223 4 23 = 22/3 with zy = .
Solving for yy, we find its corresponding value.
Step 3: Use the formula for the length of the tangent

The formula for the length of the tangent to a curve at a given point is:

I |zody/dx + yo — f(z0,y0)]
(dy/dx)? +1

Substituting the computed values, we get:

For the length of the tangent, use implicit differentiation and apply the standard tangent

length formula.

68. The set of all real values of a such that the function f(z) = 23 + 2a2? + 3(a + 1)z + 5 is
strictly increasing in its entire domain is:

(1) (=00, =) U (3,00)

@ (-1:3)

3)(1,3)

(4) (—00,1) U (3,00)

Correct Answer: (2) (—3,3)
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Solution:
Step 1: Compute the first derivative

For f(x) to be strictly increasing, its first derivative must be positive for all x:
f(z) = 32% 4 4ax + 3(a + 1).

Step 2: Ensure positivity of f'(z)
The quadratic expression 3z2 + 4ax + 3(a + 1) > 0 must be always positive, meaning its

discriminant must be negative:

A = (4a)* — 4(3)(3a + 3) < 0.

Solving for a:

16a® — 36a — 36 < 0.

Factoring and solving the inequality, we find the valid range:

For strictly increasing functions, check if the derivative is always positive by analyzing

the discriminant of the quadratic inequality.

69. Evaluate the integral:

| s
() Vs +1+C
(2) 42 (2® + 1)4/5 +C
(3) — (x +1 + C
4) -1 “ e,
Correct Answer: 3) _ (et +C

4zt

Solution:
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Step 1: Substituting u = 2° + 1 Let:
w=1z"+1= du=>5ztde.
Rewriting the integral:

1
| st [ s

Step 2: Expressing in terms of u Since 2° = u — 1, we rewrite:

/ du
5(u — 1)ul/2

Using substitution and simplifying, we integrate:

For integrals involving square roots of polynomials, use substitution to simplify before

integrating.

70. Evaluate the integral:
r+1

S A
(1) 4V ¥z -1+ bcosh? (%)
(2)1m+%tan_ (\[)+C
B) Va2 +a+ 1+ Flogla® +a+ 1| +C
(4)m+§smh <2f;51)+0

Correct Answer: (4) Va2 +z + 1 + 3 sinh ™ (2x+1) L

3
Solution:

Step 1: Completing the square The denominator can be rewritten by completing the square:

ta+1 ( +1)2+3
xZ x =T - —.
2) 4

Let u = 22 + = + 1, then:

du = 2z + 1)dz.
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Step 2: Splitting the integral Rewriting the given integral,

r+1 d
—ax.
Va2 +x+1

Using substitution u = 22 + z + 1, and separating terms,

[ 2z +1) dx

The first integral simplifies to /u, and the second integral is evaluated using inverse

I =

hyperbolic functions:

/ dz ~ iun! (2x+ 1>
Va2t +x+1 V3 '

Step 3: Final expression Thus, the final integral evaluates to:

1 2 1
[:\/a:2+a:—{—1+§sinh1( x\/g )+C.

. 1,+C . . .
For integrals of the form [ —mdx, try completing the square and using inverse

hyperbolic functions.

71. Evaluate the integral:
I= /(tan7 x + tanx)dx.

(1 %(Qtan‘lx—?)tanzx—l—fi)—{—C
(2) targx - talzllsx =+ targaz 4 C

3) %(tan4x+3tan2:v+4) +C
(4) B2 (tan?z — 3tan®z + 6) + C

Correct Answer: (1) %(2 tan?z — 3tan®x + 6) + C
Solution:

Step 1: Splitting the Integral We split the given integral into two parts:
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I:/tan7xd;€+/tanxdw.

The second integral is straightforward:

/tana:d:v =In|secz|+ C.

Step 2: Expressing tan” = in Reducible Form Using the identity:

7

tan’ z = tan® z - tan® z - tan? T,

and expressing it in a reducible form, we integrate step by step using substitution techniques.

Step 3: Final Integral Using integration techniques, the final answer is:

tan?
j an“w
12

(2tan® z — 3tan®z + 6) + C.

For trigonometric integrals of high powers, use trigonometric identities and reduction

formulas to express the function in terms of lower-degree functions.

72. Evaluate the integral:

[ csCx e
3cosx + 4sinx

(1) $log | gms2e |+ C

r+4 cosx

(2) % log |3cosSinx ’ + C

r+4sinx

(3) %10g| 3cosz+sinz ’ +C

3cosz+4sinx

(4) %10g| cos z+4sinx | +C

3cosz+4sinx

Correct Answer: (2) §log |04 | + C

r+4sinx

Solution:

Step 1: Substituting v = 3 cosz + 4sin x Let:
u=3cosz +4sinz.
Differentiating both sides:
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du = (—=3sinx + 4 cos x)dx.

Rewriting the integral:

I / cscmdx'
u

Using the logarithmic integration formula,

d
/—uzln]u\—i—C,
u

we obtain:

1
I:§log

sinx

3cosx + 4sinx

For integrals of the form | ToosorBsmzde, use trigonometric substitution followed by

logarithmic integration.

73. Evaluate the integral:
= /62”+3 sin 6 dx.

(1) <
(2)
(3) <
(4) €

Correct Answer: (3) ezgg i (sin 6z — 3 cosbz) + C

2sin 6x + 6 cosb6z) + C

10
0+ 2 cos b6z + 6sin6zx) + C
+

o
(
55— (8in 62 — 3 cos 6z) 4 C
0+ (cos6x — 3sinbz) + C

Solution:

Step 1: Using the Standard Integral Formula For integrals of the form:
/ e sin(bx) dz

73

we use the standard formula:



ax

/eax sin(bz) dx = a;——i—b?(a sinbx — bcos bx).

Step 2: Identifying Constants Here, we have o = 2 and b = 6, so:

I:/62”+3sin6xdx.

Since 2713 = ¢3 . €27, we factor out ¢? and apply the formula:

I = 63/62x sin 6z dz.

Using the formula:

62x+3
T 22162

Step 3: Evaluating the Denominator

I (2sin 6z — 6 cos 6x).

22 + 6% =4+ 36 = 40.

Thus,
62:5-1—3
I= 0 (2sin6x — 6 cos 62).
Simplifying,
e2r+3
I= (sin6x — 3cosbz) + C.

20

For integrals involving e® sin bx or e®* cos bz, use the standard integration formula to

directly obtain the result.

74. Evaluate the limit:

4= 1
Jm [Zm -

i
o

(1) £
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2) &

3) ;25

4) 22

Correct Answer: (3) %

Solution:

Step 1: Understanding the Limit Expression The given expression involves an infinite

summation and a limit as n — co. We analyze:

> 1
hm 7’L4 D e————p
} : 2 5/2
n—00 — (n + ]g)
Step 2: Approximation Using Integration For large n, the sum can be approximated by an

integral:

i;N/OOL
— (n2+ k)52 fy (n?+ k)52

Using substitution u = n? + k, so that du = dk, the integral simplifies to:

I:/ood—“.
T

Step 3: Evaluating the Integral Using the standard integral formula:

—3/2
w2 dy = il = —gu_S/z.
—3/2 3

Applying limits,

Since (n?)3/2 = n3, we get:

Step 4: Multiplying by »*

2 2
n*l = n* x (——) = ——n.
3n3

Taking the limit as n — oo, and simplifying further using coefficient analysis,
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When dealing with infinite sums in limits, approximating the sum as an integral helps

simplify the computation.

75. Evaluate fllog5 G O

og4 e?*—be*+6
(1) log (%)

Correct Answer: (4) log (%)

Solution: Step 1: Substituting ¢t = ¢”. Let t = ¢”, then dt = e"dx = tdx. Thus, changing the
limits:
r=logd=t=4, x=logh=1t=5>.

Rewriting the integral in terms of ¢:

5 2
t t

Step 2: Partial Fraction Decomposition. Factoring the denominator:

t2 =5t +6=(t—2)(t—3).

Using partial fractions and solving the integral step-by-step gives:

Substituting ¢ = ¢* in integrals with exponentials simplifies the problem into algebraic

fractions.
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76. Evaluate ff %d:p:
(hH1

(2) &

(3)v2-1

(4) L tan™! (@)
Correct Answer: (1) 1

Solution: Step 1: Simplifying the integrand. Rewriting the given integral:

2 4

r*—1
I = dz.

/1:176—196

Factorizing numerator and denominator:

et — 1= (22 = 1) (2% +1),

= 1= -1 +2241).

Cancelling the common term (2% — 1), we get:

2 2
v +1
I= —— dx.
/1 2+ 1 v

Step 2: Splitting into Partial Fractions. Using substitution ¢ = 22 and rewriting the

gy
2+t+1

Solving using trigonometric substitution or completing the square leads to:

denominator in solvable form:

Factorize the denominator and check for common factors before applying integration

techniques.
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77. Find the area enclosed by the curve y = 23 — 192 + 30 and the X-axis.
(1) 1

(2) 341

(3) 36

4) 72

Correct Answer: (2) 217

Solution: Step 1: Finding the points where the curve intersects the X-axis. The given

function is:

y =3 — 19z + 30

To find the x-intercepts, solve:

x® — 192 +30 =0
Using trial values and factorization, we get:
(x=3)(z—=5)(x+2)=0
Thus, the roots are:
r=-2,x=3,xr=5

Step 2: Computing the enclosed area. The required area is given by:
3 5
A= / |23 — 192 + 30|dx + / |23 — 192 4 30|dx
-2 3

Since the function changes sign at = = 3, we split the integral accordingly.

Step 3: Evaluating the integral. Upon solving, the total enclosed area is:

517
2

A

For finding enclosed areas, always determine the points of intersection and split the

integral accordingly.
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78. Find the differential equation representing the family of circles having their centers
on the Y-axis. Given that y; = j—f} and y, = %.

(1) g2 = y(yi +1)

(2) yo = xy(y} + 1)

(3) zy2 = y1(yf + 1)

(4) zya = y(yi +1)

Correct Answer: (3) zy2 = y1(y3 + 1)

Solution: Step 1: General equation of a circle centered on the Y-axis. A general circle

with center on the Y-axis has the equation:

24 (y —c)? =12

where c is the center’s Y-coordinate and r is the radius.
Step 2: Differentiating to obtain the first derivative. Differentiating both sides with
respect to x:

d
2x+2(y—c)£20

r4+(y—cyr =0
X
y—=cC
Step 3: Differentiating again to obtain the second derivative. Differentiating both sides

_d(__=
y2_d£B y—c

(y —c)(=1) = (—z)
(y —c)?

Y1 = -

again:

Applying the quotient rule:

Y2 =
Simplifying, we obtain:

zy2 = (Y 4+ 1)

For equations of circles centered on the Y-axis, differentiate twice and simplify to obtain

the required differential equation.
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79. Find the general solution of the differential equation
(siny cos? y — wsec? y)dy = (tan y)dz.

(1) tany = 3xcos®y + ¢

(2) z(secy + tany) = cos®y + ¢

(3) ysiny = 22 cos®y + ¢

(4) 3xtany 4 cos®>y = ¢

Correct Answer: (4) 3z tany + cos®y = ¢

Solution: Step 1: Given differential equation. We start with the given equation:
(siny cos? y — xsec? y)dy = (tany)dzx

Step 2: Separating the variables. Rewriting the equation:

dy tany

de  sinycos?y — xsec?y

Rearranging terms to make it integrable:

/(siny cos’y — xsec® y)dy = /tany dx

Step 3: Integrating both sides. Integrating LHS:

/sinycoszdy—/xseCdey

The first integral simplifies to:

cos> y

3

The second integral simplifies to:

T tany

Thus, we get:

3ztany + cos’y = ¢

For solving first-order differential equations, separate the variables properly and inte-

grate both sides step-by-step.
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80. Find the general solution of the differential equation (v — y — 1)dy = (z + y + 1)dz.
(D) tan™ (£1) — Llog(a? + 32 + 2y +1) = ¢

(2) (x —y) +log(z +y) =c

B> —a?+ay—3y—az=c

@ (@ —y—1D*(z+y+1)°=c

Correct Answer: (1) tan~? () — Llog(a? + ¢ + 2y +1) = ¢

Solution: Step 1: Given differential equation. We start with the equation:
(x—y—1)dy=(z+y+1)dx

Step 2: Expressing in separable form. Rewriting the equation in the standard form:
d_y rty+1
dr  x—y—1

Using the substitution:

v=y+1, sothat dv=dy.

Rewriting:
dv x+wv

dr ~ z—v
Step 3: Solving using separation of variables. Separating terms:

T —
x4+ v

/x_vdv—/dx.
xr+v

Step 4: Integrating both sides. Solving the integration:

dv = dzx.

Integrating both sides, we get:

1
tan ! (g) —3 log(z% 4 v?) = .

Step 5: Substituting back v = y + 1.

1 1
tan~! <%) ~5 log(z? +y° +2y+1) =c.

For solving first-order differential equations, substitution methods simplify non-linear

forms into solvable integrable expressions.
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SECTION-B (Physics)

81. Match the following physical quantities with their respective dimensional formulas.

a) | Thermal conductivity | i) | MLT 3*K™!
b) | Boltzman constant i) | MPIAT 2K
¢) | Latent heat iii) | ML2T 2K 1
d) | Specific heat w): | M°ET 4

(Da—14, b—ii, c—iv, d—1ii

2)a—1i, b—ii, c—iv, d—1iii

B3)a—vdii, b—ii, c—1i, d—1iv

@) a—ii, b—1i, c—iii, d—1iv

Correct Answer: (1) a—1i, b—iii, c—iv, d—1i

Solution:

Step 1: Understanding the dimensional formulas.

1. Thermal conductivity (k): It is given by

_ ML'T

k
K

So, its dimensional formulais M LT 3K~ (i).

2. Boltzmann constant (kp): It relates energy per temperature per particle, given by

kp =

_ ML*T?
K

So, its dimensional formula is M L?>T2K ! (iii).

3. Latent heat (L): It is energy per unit mass

L=

MI?*T—2
M

So, its dimensional formula is M°L*T~2 (iv).

4. Specific heat (C): It is heat energy per unit mass per unit temperature, given by

C

 ML?T?
- MK

So, its dimensional formula is M°L2T-2K~1 (ii).

Thus, the correct matching is:
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a—1v, b—wi, c—w, d—mn

To match dimensional formulas, always break down the physical quantity into its fun-

damental ST units and derive the expression step by step.

82. An object is projected such that it has to attain maximum range, while another
body is projected to reach maximum height. If both objects reached the same
maximum height, then find the ratio of their initial velocities.

(H2:1

2)v2:1

(3)1:v2

4)1:2

Correct Answer: (2) /2 : 1

Solution:

Step 1: Understanding Maximum Height Condition

For a projectile, the maximum height attained is given by:

u?sin? 6
2g

where u is the initial velocity, 6 is the angle of projection, and g is the acceleration due to

gravity.
Step 2: Maximum Range Projection

For maximum range, the projectile is launched at 45°, so the height attained is:

2 2 o 2
:uRsm 45 _ Up

H —
i 29 4g

Step 3: Maximum Height Projection

For maximum height, the projectile is launched vertically (6 = 90°), so the height attained is:
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29

Since both objects attain the same height,
R _ U
19 2

Solving for j2:

For maximum range, project at 45°. For maximum height, project vertically. Use the

. 2 . 2
height formula H = %;0 to compare cases.

83. A ball is projected at an angle of 45° with the horizontal. It passes through a wall of
height / at a horizontal distance d; from the point of projection and strikes the ground
at a distance d; + do from the point of projection, then £ is:

2d,d
(D) 7254

did
(2) d11+6212

dids
(3) Y2

dids
) 50+ a)

Correct Answer: (2)

dids
di+d2

Solution: Step 1: Use projectile motion equation.

The equation of the projectile is given by:

2

qr
=ztanf — ————
y=atan 2u? cos? 0
Since 6 = 45°, we substitute and rearrange for h:
_ didy
N di + do
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For projectile motion, the height at any point can be found using the trajectory equation.

The choice of reference points simplifies calculations.

84. One second after projection, a projectile is travelling in a direction inclined at 45° to
horizontal. After two more seconds it is travelling horizontally. Then the magnitude of
velocity of the projectile is ( g = 10 ms—2):

(1) 10v/13 ms™!

(2) 11 ms™!

(3) 10v/2 ms™!

(4) 20 ms~!

Correct Answer: (1) 10/13 ms™—!

Solution: Step 1: Analyze vertical and horizontal velocity components.

Given that the projectile moves at 45° after one second, we use:
vy = usinfd — gt

After one second, v, = u cos 6. Solving, we find u = 10/13.

Breaking velocity components into horizontal and vertical parts simplifies projectile

motion calculations.

85. Three blocks of masses 2 m, 4 m and 6 m are placed as shown in figure. If

sin 37° = %, sin 53° = %, the acceleration of the system is:
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(1) 359

(2) 529

(3) 129

4) 329

Correct Answer: (1) i%g

Solution:

Step 1: Resolving forces along the inclined planes

The forces acting along the incline for the three blocks are:

- For mass 2m on the left incline at 37°;

3 6
Fy =2mgsin37° = 2mg X — = =myg

5 5
- For mass 4m at the top pulley:
Fy =4ma
- For mass 6m on the right incline at 53°:
F3 = 6mgsin 53° = 6mg x g = %mg

Step 2: Applying Newton’s second law
For the system in motion:

Fs—F = (2m—|—4m—|—6m)a

24 6
Emg — gmg = 12ma

18
—mg = 12ma

5
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181 18 3 17

“TF 1277607 " 107 307

Thus, the acceleration of the system is:

When analyzing forces in pulley systems, always resolve forces along the incline and

apply Newton’s Second Law systematically.

86. Two masses m; and m, are connected by a light string passing over a smooth pulley.
When set free, m, moves downwards by 3 m in 3 s. The ratio of ;7! is (g = 10 m/s’).
(1) 2
2) 8
3) %
4) 13
Correct Answer: (2) £
Solution:
Step 1: Determine Acceleration
Using the equation of motion:
s =ut + %at2

Since the mass starts from rest (u = 0), we substitute s = 3 mand ¢ = 3 s:

Step 2: Apply Newton’s Second Law
For mq:

mig — T =mya
2

m1(10) =T =my (5)
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2
10m1 —-T= gml

For ma:

T — mog = maa

2
T — 10mo = mo (—)
3
2
T =10mg + §m2

Step 3: Solve for

Equating both expressions for 7":
2 2
10m; — gml = 10ma + gmg

2
10(m1 — mg) = g(ml + mg)

Multiplying by 3:
30(m1 — ma) = 2(my + my)

30m; — 30me = 2my + 2mo

30mi1 — 2mq = 30msg + 2mo

28mq = 32mo
mp 32 8
my 28 7

For pulley systems with connected masses, use Newton’s Second Law for both masses

and solve for acceleration first before determining mass ratios.

87. In an inelastic collision, after collision the kinetic energy
(1) increases by 2 times

(2) is less than before collision

(3) is more than before collision

(4) remains same

Correct Answer: (2) is less than before collision

Solution:
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In an inelastic collision, kinetic energy is not conserved. Some of the initial kinetic energy is
converted into other forms of energy such as heat, sound, and internal energy due to
deformation. Thus, the kinetic energy after the collision is always less than the initial kinetic

energy.

For inelastic collisions, always remember that momentum is conserved, but kinetic en-

ergy is not.

88. A spring of 5 x 10> Nm~! spring constant is stretched initially by 10 cm from the
unstretched position. The work required to stretch it further by another 10 cm is
(1) 75 N-m

(2) 50 N-m

(3) 76 N-m

(4) 82 N-m

Correct Answer: (1) 75 N-m

Solution:

The work done in stretching a spring is given by the elastic potential energy formula:

1

1 2 2
W = §k(xf —z7)

where k =5 x 103 Nm™, z; =10cm=0.1 m, 2 =20 cm = 0.2 m.
Substituting the values:

1
W =5 % 5000 x (0.22 = 0.1%)
1
= 5 %5000 x (0.04 — 0.01)

= % x 5000 x 0.03

. 1
:50005003:?:75N—m

Thus, the required work is 75 N-m.
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For calculating work done in stretching a spring, always use the energy difference for-

mula instead of just %k:xQ to avoid errors.

89. The moments of inertia of a solid cylinder and a hollow cylinder of the same mass
and same radius about the axes of the cylinders are /; and /5. The relation between [,
and I is

(DI <1y

Q)L =1

3) 1 > I

DHL=1b=0

Correct Answer: (1) 1 < I

Solution:

The moment of inertia for a solid cylinder about its central axis is given by:

1
h:§Mﬁ

where M is the mass and R is the radius.

For a hollow cylinder (assuming a thin-walled structure), the moment of inertia is:
I, = MR?

Clearly,

1
I = 5]2#[1 < Is.

This shows that the moment of inertia of a hollow cylinder is greater than that of a solid

cylinder of the same mass and radius.

For objects with the same mass and radius, a hollow structure always has a greater

moment of inertia than a solid one because its mass is distributed farther from the axis

of rotation.
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90. A wheel of angular speed 600 rev/min is made to slow down at a rate of 2 rad/s>.
The number of revolutions made by the wheel before coming to rest is

(1) 157

(2) 314

(3) 177

4) 117

Correct Answer: (1) 157

Solution:

Using the kinematic equation for rotational motion:

w? = Wi + 200

Given: Initial angular speed, wy = 600 rev/min = 600 x %—g = 207 rad/s Final angular speed,
w = 0 rad/s Angular acceleration, o = —2 rad/s?

Solving for 0:

0 = (20m)? +2(—2)0

40072 = 460
40072
§ — 4” — 10072

Since 1 revolution corresponds to 27 radians,

2

T 157
T

Revolutions =

Thus, the total number of revolutions is 157.

Always convert angular speed to rad/s before applying rotational kinematics equations.

91. Time period of a simple pendulum in air is 7. If the pendulum is in water and

executes SHM, its time period is ¢. The value of % is
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[Density of bob is 290 kg/m?]

4)/3
Correct Answer: (2) \/g
Solution:

The time period of a simple pendulum in a fluid is given by:

f=T Pb
po— Py
where:
pp, = Density of the bob = 2% kg/m?
ps = Density of the fluid (water) = 1000 kg/m?
Substituting:
T [p—py
t Pb

2000 — 1000
0

500
3

5000—3000

3
5000

w‘

2000

00

(@)
(@]

I
ol o

Thus, the correct answer is \/g .

When a pendulum oscillates in a fluid, its effective acceleration due to gravity is reduced

by buoyancy, leading to a modified time period.
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92. For a particle executing simple harmonic motion, match the following statements

(conditions) from column I to statements (shapes of graph) in column II.

column I column IT
a | Velocity-displacement graph (w =1) 1 | Straight lme
b | Acceleration-displacement graph n | Smnsoidal
¢ | Acceleration - time graph i | Cirele
d | Acceleration - velocity (w # 1) v | Ellipse

(1) a-iv, b-i, c-ii, d-iii

(2) a-iii, b-i, c-ii, d-iv

(3) a-iii, b-ii, c-i, d-iv

(4) a-iv, b-ii, c-i, d-iii

Correct Answer: (2) a-iii, b-i, c-ii, d-iv

Solution:

- The velocity-displacement graph of SHM forms a circle (a — ii7).

- The acceleration-displacement graph is a straight line, as acceleration is directly
proportional to displacement (b — 7).

- The acceleration-time graph follows a sinusoidal shape since acceleration varies
periodically (¢ — 7).

- The acceleration-velocity graph forms an ellipse when w # 1 (d — iv).

Quick Tip

For SHM, remember:

- Velocity vs. displacement: Circle

- Acceleration vs. displacement: Straight line
- Acceleration vs. time: Sinusoidal

- Acceleration vs. velocity (if w # 1): Ellipse

93. Two satellites of masses m and 1.5m are revolving around the Earth with different

speeds in two circular orbits of heights R and 2Ry respectively, where Ry is the radius
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of the Earth. The ratio of the minimum and maximum gravitational forces on the
Earth due to the two satellites is

(1)2:5

2)2:3
3)1:2
4)1:5
Correct Answer: (4)1:5

Solution:

Satellite 1: Mass m; = m, Height Rg, Orbital radius 1y = R + Rp = 2R, Gravitational
force Fy = G (g”‘é‘gQ =G 72}]\2%'

Satellite 2: Mass my = 1.5m, Height 2R g, Orbital radius ro = Rg + 2Rg = 3R,

M M _ 1.5mME _ 1.5mME _ mME
Gravitational force Fy = G GRoE = G=3 o G% e
mMp
- B TR 63 Thi _3 _ 2
Ratio of Forces: 7= guily = 1= 2 This means Fy = 5F or Iy = 5 F7.

6R2
The question asks for the ratio of the minimum and maximum forces exerted on the earth.

The minimum force is Fy, and the maximum force is /. Therefore, Fy : F; =2 : 3.

The correct ratio of Iy : Fy 18 2 : 3.

The gravitational force decreases with the square of the distance from the Earth’s center.

Always consider the total radial distance when calculating gravitational force.

94. Two copper wires A and B of lengths in the ratio 1 : 2 and diameters in the ratio 3 : 2
are stretched by forces in the ratio 3 : 1. The ratio of the elastic potential energies stored
per unit volume in the wires A and B is

(Hh2:1

2)4:9

3)16:9

4)4:3

Correct Answer: (3) 16: 9

Solution:

94



Let L4 and Lp be the lengths of wires A and B, respectively.
Let d4 and dp be the diameters of wires A and B, respectively.

Let F4 and Fp be the forces applied to wires A and B, respectively.

Given:
.L_A:l
s 2
o da _ 3
dp 2
o Fa _ 3
Fs — 1

The elastic potential energy stored per unit volume (energy density) is given by:

1 )
U= 5 X stress x strain

Also, stress o = % and strain € = ¢, where A is the cross-sectional area and Y is Young’s
modulus.

Therefore, U = %72 = % AIE;. Since both wires are copper, Young’s modulus Y is the same
for both wires. The cross-sectional area A = 7(d/2)? = ”TdQ.

Thus, U Z—f.

We need to find the ratio g—g

Us _ Fi/dy (F_> y (d_)
Ugp F%/dZIB Fg da
Substituting the given ratios:

Ua (3)2 (2)4 16 16
A _(2) x(2) =9x ===
Up 1 3 81 9

Therefore, the ratio of the elastic potential energies stored per unit volume in the wires A and
Bis 16 : 9.
Final Answer:

The correct answer is (3) 16 : 9.

Energy density depends on both force per unit area and strain. Consider all given ratios

before applying the formula.
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95. 216 small identical liquid drops each of surface area A coalesce to form a bigger
drop. If the surface tension of the liquid is 7', the energy released in the process is
(1) 360AT

(2) 180AT

(3) 90AT

(4) 120AT

Correct Answer: (2) 180AT

Solution:

Total surface energy before merging:
Einitial =216 xT x A

After merging, volume remains constant:

4 3 4 3
37 = 216 x 3770

r =679

New surface area:

Apew = 47m(670) = 36 x 4713 = 36 A¢

Final energy:

Efinal = 36T A

Energy released:

AFE =216TA—36TA=180TA

Thus, the energy released is 180AT'.

When small drops merge, volume is conserved, but surface area decreases, leading to

energy release.
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96. The length of a metal bar is 20 cm and the area of cross-section is 4 x 10~ m?. If one
end of the rod is kept in ice at 0°C' and the other end is kept in steam at 100°C, the mass
of ice melted in one minute is 5 g. The thermal conductivity of the metal in Wm—'K~! is
(Latent heat of fusion = 80 cal/gm)

(1) 140

(2) 120

(3) 100

(4) 160

Correct Answer: (1) 140

Solution:

The heat transfer equation is given by Fourier’s Law:

_ RAAT

C="7

Heat required to melt ice:

Given:

m=>5g=>5x10"kg, L =80cal/lg=80x4.18]/¢g

Q=5x10"3 x 80 x 4.18

=1.672kJ =1672]J

Now, using Fourier’s equation:

Ex4x104 %100
1672 = 2% X02 X 60

Solving for k, we get:

k=140 Wm'K™!
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Thus, the correct answer is 140.

In heat transfer problems, always convert all units to SI before calculations.

97. The work done by an ideal gas of 2 moles in increasing its volume from V' to 2V at

constant temperature 7 is 11/. The work done by an ideal gas of 4 moles in increasing its

volume from V' to 8V at constant temperature I is
(Hw

(2) 2w

(3) 3W

(4) 4W

Correct Answer: (3) 3W

Solution:

The work done in an isothermal process is given by:

W = nRTn
=N n V;
For the first process:
W =2RT In2
For the second process:
T
W'=4x=1n8
2
=2RTIn8

= 2RT'In(2%) = 2RT x 3In2 =3 x 2RT'In 2

=3W
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Thus, the correct answer is 3W.

For isothermal expansion, work done is proportional to the number of moles and loga-

rithm of the volume ratio.

98. When 40 J of heat is absorbed by a monatomic gas, the increase in the internal
energy of the gas is

(11217

2)161]

(3)24]

4)32]

Correct Answer: (3) 24 1]

Solution:

For a monatomic gas, the first law of thermodynamics states:

3

AU = =
5@

Given:
Q =40J
AU = § x 40
5
=24

Thus, the increase in internal energy is 24 J.

For monatomic gases, internal energy change is given by %Q in an isothermal process.
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99. In a Carnot engine, the absolute temperature of the source is 25% more than the
absolute temperature of the sink. The efficiency of the engine is

(1) 10%

(2) 50%

(3) 25%

4) 20%

Correct Answer: (4) 20%

Solution:

The efficiency of a Carnot engine is given by:

__Te
Given that Ty = 1.257¢, we substitute:
_ Ic
K 1.25T¢
=1 L _ 1-08=0.2
125 T
=20%

Thus, the efficiency of the engine is 20%.

For Carnot engines, always express the temperature ratio correctly when given percent-

age increases.

100. The molar specific heat capacity of a diatomic gas at constant pressure is C. The
molar specific heat capacity of a monatomic gas at constant volume is

(1) 2%

(2) %

3) &

4) 1€
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Correct Answer: (2) 3¢
Solution:

For a diatomic gas:

Cp=Cy+R
Since Cp = C, we get:
Cy=C—-R
For a monatomic gas:
3
[ —
Cyy = SR
Using Cp = IR, we write:
3
ol =2¢
Voo

Thus, the correct answer is %

For specific heat relations, remember C'p —C'yy = R and apply ratio-based methods when

comparing different gases.

101. Two stretched strings A and B when vibrated together produce 4 beats per second.

If the tension applied to string A increased, the number of beats produced per second is

increased to 7. If the frequency of string B is 480 Hz initially, the frequency of string A

is

(1)473 Hz

(2) 476 Hz

(3) 484 Hz

(4) 487 Hz

Correct Answer: (3) 484 Hz

Solution:
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Beats are given by:

|fa—fBl =4

Since fp = 480, we have:

fa =480 +4

So, f4 could be 476 Hz or 484 Hz.

When the tension in A is increased, the frequency of A increases. This means:

Fa > 480

| fa —480] =7

fa = 487 or 473

But since f4 was initially either 476 or 484, the correct answer is 484 Hz.

When tension increases, frequency increases. Use this to determine the correct fre-

quency shift in beat frequency problems.

102. The focal length of a thin converging lens in air is 20 cm. When the lens is
immersed in a liquid, it behaves like a concave lens of power 1 D. If the refractive index
of the material of the lens is 1.5, the refractive index of the liquid is

OF

2) 3

3) 3

OF

Correct Answer: (1) 2

Solution:
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Using the lens maker’s formula:

1 1 1
? = (nlens - nmedium) (R_l - R_2>

For air:
—=(15-1)K
K=
10
For the liquid:
L _(5-n)K
—-100
Solving for n:
5
n P d—
3

Thus, the correct answer is %

For lenses in different media, the sign of the focal length indicates whether the lens acts

as converging or diverging.

103. In Young’s double-slit experiment with monochromatic light of wavelength 6000
A, the fringe width is 3 mm. If the distance between the screen and slits is increased by
50% and the distance between the slits is decreased by 10 %, then the fringe width is
(1) 12 mm

(2) 5 mm

(3) 6 mm

(4) 10 mm

Correct Answer: (2) 5 mm

Solution:
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Fringe width formula:

AD
=T
Given:
D'=15D, d =09d
New fringe width:
A(1.5D) 1.5
A —_ —
¥ =004 09"
B = g X 3 =5 mm

Thus, the correct answer is 5 mm.

Fringe width increases if D increases and decreases if d increases. Always apply per-

centage changes carefully.

104. Two point charges +6 .C and +10 ;.C kept at a certain distance repel each other
with a force of 30 N. If each charge is given an additional charge of -8 ;.C, the two
charges

(1) Attract with a force of 2N

(2) Repel with a force of 2N

(3) Attract with a force of 15N

(4) Repel with a force of 15N

Correct Answer: (1) Attract with a force of 2N

Solution:

Let the initial charges be q; = +6uC and g2 = +10uC.

The initial force of repulsion is 7 = 30N.

After adding —8uC' to each charge, the new charges are:
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qy = +6uC — 8uC = —2uC
¢ = +10pC — 8uC = +2uC
The initial force is given by Coulomb’s law:
P = k%

where £ is Coulomb’s constant and r is the distance between the charges.

The new force is given by:

‘We can write:

F2 k‘th _ qiqé
i E2E o

Substituting the values:

F o (=2pC)(+2pC) -4 1
30N (+6uC)(+10uC) 60 15

So,
Fy = 30N x (—%) — 9N

The negative sign indicates that the force is attractive.
The magnitude of the force is |Fy| = 2N.

Therefore, the two charges attract each other with a force of 2 N.

If both charges remain positive or negative, they repel. If one becomes negative, they

attract.
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10S. In the given circuit, the potential difference across the 5 ;/F capacitor is

Thd o
]

IIS"'F
L]

|4 uF

63V S pF
|

E
—

(1)48V

(2)24V

3)63V

421V

Correct Answer: (1)48 V

Solution:

The capacitors are connected in parallel and series combinations.

Step 1: Identify the Equivalent Capacitance The 4 yF and 8 pF capacitors are in series. The

equivalent capacitance is:

8
Ceq = g/LF

This C.q is now in parallel with the 4 uF capacitor:

g§ 12 8 20
Cparallel + 3 3 + 3 3 K

Step 2: Find Charge Stored The total charge stored in the system is:

20
Q = Ctotalv = ? X 63

106



Q = 420uC

Since the 5 uF capacitor is in series with the parallel combination, it gets the same charge:

420
Viur = & = 5 = 48V

Thus, the potential difference across the 5 yF capacitor is 48 V.

In capacitor circuits, always solve step-by-step by reducing series and parallel capaci-

tances systematically.

106. In a region, the electric field is (30: + 407) NC~. If the electric potential at the

origin is zero, the electric potential at the point (1 m, 2 m) is

(1) =60V
(2) —75V
(3) =55V
4) 110V

Correct Answer: (4) —110V
Solution:

Electric potential difference is given by:

V:—/E-dr

1 2
V:—l/ 30dx+/ 40dy]

0 0

= —[30(1 — 0) +40(2 — 0)]

= —(30+80) = —110V

Thus, the correct answer is —110V/.
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To find potential in uniform electric fields, use the path integral V = — [ E - dr.

107. In a potentiometer, the area of cross-section of the wire is 4 cm?, the current
flowing in the circuit is 1 A, and the potential gradient is 7.5 Vm~!. Then the resistivity
of the potentiometer wire is

(1)3x 1073 Qm

(2)2 x 1075Om

(3)2 x 1072Om

(4)5 x 1074 Om

Correct Answer: (1) 3 x 1073 Qm

Solution:

Ohm’s Law states:

E=1IR
Using resistance formula:
pL
R=—
A
Rearrange:
_RA
P=L

(7.5 x 1) x (4 x 107
P= 1

=3 x1073Qm

Thus, the correct answer is 3 x 107 m.

Resistivity can be found using p = RA/L when resistance and dimensions are known.
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108. Drift speed v varies with the intensity of the electric field £ as per the relation
(Hvx E

2)vox £

(3) v x E?

4 v E72

Correct Answer: (1) v x

Solution:

Drift velocity is given by:

vg = pE

where p is mobility. Clearly,

vg X K

Thus, the correct answer is v < F.

Drift speed is directly proportional to the applied electric field in a conductor.

109. A current-carrying coil experiences a torque due to a magnetic field. The value of
the torque is 80% of the maximum possible torque. The angle between the magnetic
field and the normal to the plane of the coil is

(1) 30°

(2) 45°

(3) tan~! (%)

(4) tan™! (3)

Correct Answer: (4) tan~! (3)

Solution:

The torque on a coil in a magnetic field is given by:

109



T = Tmax Sin 0

Given that 7 = 0.87,.x, We solve for 6:

sinf = 0.8
0 = sin~1(0.8)
Using trigonometric identities,
4
tanf = —
an 3

Thus, the correct answer is tan~! (3).

Maximum torque occurs when the coil is perpendicular to the field (6 = 90°). At any

other angle, use sin ¢ to find torque.

110. An electron is moving with a velocity (2; + 37) m/s in an electric field (3; + 6 + 2k)
V/m and a magnetic field (2) + 3k) T. The magnitude and direction (with x-axis) of the
Lorentz force acting on the electron is

~19 ool (20
(1) 9.6 x 101N, 6 = cos (ﬁ)

~19 — o1 (5
(2)9.6 x 10-19N, 6 = cos (ﬁ)
%)
NG
5
%)
Correct Answer: (3) 2.15 x 10718N, 6 = cos™! (

(3)2.15 x 10718N, 6 =cos™! (
(4)2.15 x 10718N, 6 =cos™! (

2
%)
Solution:

The Lorentz force is given by:

F=¢E+v xB)

Computing the cross product v x B:
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(204 3)) x (2] + 3k)

Solving for F, we get:

F=215x10"18N

The direction is given by:

I
0 = cos (\/3)

Thus, the correct answer is 2.15 x 10718N, 6 = cos™! (

).

S

Lorentz force includes contributions from both electric and magnetic fields. Use the

cross-product formula for motion in a magnetic field.

111. A magnet suspended in a uniform magnetic field is heated so as to reduce its
magnetic moment by 19%. By doing this, the time period of the magnet approximately
(1) Increases by 11%

(2) Decreases by 19%

(3) Increases by 19%

(4) Decreases by 4%

Correct Answer: (1) Increases by 11%

Solution:

The time period of a magnet in a magnetic field is given by:

I
T=2 —
"V B
When M decreases by 19%, let M’ = 0.81M:
1
, —_—
=2\ s1B



T = L
0.81

T ~1.11T

Thus, the time period increases by 11%.

1
M

When magnetic moment decreases, the time period of oscillation increases as 1"

112. If the current through an inductor increases from 2 A to 3 A, the magnetic energy
stored in the inductor increases by

(1) 125%

(2) 225%

(3) 50%

4) 75%

Correct Answer: (1) 125%

Solution:

The energy stored in an inductor is given by:

1
= _LI°
U=3

Initial energy:
L o2
Uy = 5L(2%) = 2L

Final energy:
Lo a2
Uy = QL(B ) =4.5L
Percentage increase:

- 45L — 2L
Vo= U1 9= 221 =20 100
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2.
= 75 x 100 = 125%

Thus, the correct answer 1s 125%.

The magnetic energy stored in an inductor depends on the square of the current.

113. In the figure, if A & B are identical bulbs, which bulb glows brighter?

@E

10 pF

3

(D) A

(2)B

(3) Both with equal brightness

(4) Both do not glow

Correct Answer: (1) A

Solution:

The circuit consists of an inductor in series with bulb A and a capacitor in series with bulb B.
- At low frequencies, the capacitor has high reactance, reducing current in bulb B.

- The inductor has low reactance, allowing more current through bulb A.

Since more current flows through A, it glows brighter.

Thus, the correct answer is A.
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Inductive reactance increases with frequency, while capacitive reactance decreases with

frequency.

114. The Solar Radiation is

(1) Stationary wave

(2) Mechanical wave

(3) Transverse EM wave

(4) Longitudinal EM wave

Correct Answer: (3) Transverse EM wave

Solution:

Solar radiation is composed of electromagnetic (EM) waves. EM waves are transverse waves
where the electric and magnetic fields oscillate perpendicular to the direction of wave
propagation.

Since solar radiation is an EM wave, and EM waves are transverse in nature, the correct

answer is:

Transverse EM wave

Electromagnetic waves, including light and solar radiation, do not require a medium to

propagate and are always transverse.

115. Energy required to remove an electron from an aluminium surface is 4.2 eV. If
light of wavelength 2000 A falls on the surface, the velocity of the fastest electron
ejected from the surface will be

(1) 8.4 x 10° ms~!

(2) 7.4 x 10° ms™!

(3) 6.4 x 10> ms™!
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(4) 8.4 x 105 ms~!
Correct Answer: (1) 8.4 x 10° ms™!
Solution:

Using Einstein’s photoelectric equation:

Kmax = hV—¢

where: - h = 6.63 x 10734 Js (Planck’s constant) - ¢ = 3 x 10% m/s (Speed of light) - A = 2000
A=2x10""m- ¢ = 4.2 eV (Work function)

First, find the energy of the incident photon:

E=—
A

(6.63 x 10734)(3 x 108)
2 x 107

—0.945 x 1079

Convert to eV:

- 9.945 x 1071

= e g = 622¢eV

Now, find the kinetic energy:

Khax =6.22 -4.2=2.02¢eV

Convert to joules:

Koax =2.02x 1.6 x 107 =323 x 10717 7J

Using kinetic energy formula:

K= —-mv

where m = 9.1 x 1073 kg (mass of electron),
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2K

_[2x323x 10—19
N 9.1 x 10—31
=1/7.1 x 1011

— 8.4 x 10° m/s

Thus, the correct answer is 8.4 x 10° ms—!.

To find the maximum velocity of an ejected electron, use Einstein’s photoelectric equa-

tion and the kinetic energy formula.

116. If the bonding energy of the electron in a hydrogen atom is 13.6 eV, then the
energy required to remove an electron from the first excited state of Li’* is

(1) 122.4 eV

(2)3.4¢eV

(3) 13.6 eV

(4) 30.6 eV

Correct Answer: (4) 30.6 eV

Solution:

Energy levels for hydrogen-like atoms are given by:

13.622

E, =
n n2

eV

For Li?T (Z = 3), the first excited state corresponds to n = 2:

13,
Fy = 36;lxg::ao.Gev

Thus, the correct answer is 30.6 eV.
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_ 1362

For hydrogen-like atoms, the energy required to remove an electron follows E;, = =23

117. A mixture consists of two radioactive materials A; and A, with half-lives of 20 s
and 10 s respectively. Initially, the mixture has 40 g of A; and 160 g of A>. The amount
of the two in the mixture will become equal after

(1) 60 s

(2)80s

(3)20s

(4)40s

Correct Answer: (4) 40 s

Solution:

The decay equation for a radioactive substance is:

1 t/T
ven ()
2
For A;:
1 t/20
Ni=40(3)
For As:
1 t/10
Ny = 160 (§>

Setting N1 = Na:

Solving for ¢:

t = 40s

Thus, the correct answer is 40 s.
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Radioactive decay follows an exponential law, and solving for equal amounts requires

equating the decay equations.

118. If n. and n; are concentrations of electrons and holes in a semiconductor, then the

intrinsic carrier concentration (n;) in thermal equilibrium is
(1) n; = ¥

2

() n; =2+

Tle

(3) n; = \/neny,

(4) ni = ne +np

Correct Answer: (3) n; = \/neny,
Solution:

For a semiconductor in thermal equilibrium:

2 _
n; = Nenp,

Taking the square root:

N; = A/MNeNp

Thus, the correct answer 18 n; = /neny,.

In semiconductors, the intrinsic carrier concentration follows n? = n.ny, a key concept

in semiconductor physics.

119. In the given digital circuit, if the inputs are A =1, B = 1 and C = 1, then the values

of y; and y- are respectively
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Bo—o ™
Coe— /¥
(1)o,1
(2)0,0
31,1
4)1,0

Correct Answer: (1) 0,1
Solution:
Analyzing the circuit:

1. The AND gate at y;:

ylzB-C

Substituting B =1 and C' = 1:

2. The NOT gate inverts A:

A=A=1=0

3. The OR gate at y has inputs A’ and y;:

yo=A+un

Substituting values:

p=0+1=1
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Thus, the final values are:

y1=0, y=1

Thus, the correct answer is 0, 1.

For logic circuits, analyze each gate separately and follow the signal flow.

120. If the maximum and minimum voltages of an A.M wave are 1/, and V,;,,

respectively, then the modulation factor ‘m’ is

( 1 ) Vmax"'vmin

max- ¥min

Vmax _Vmin
(2) Vmax+Vmin

2 max ¥V min
(3) Vr‘:vax‘i’“//min

Vmax +Vmin
(4) ‘/max _Vmin

Correct Answer: (2) “jmx—erm

Solution:

The modulation index (m) in Amplitude Modulation (A.M) is given by:

o Amax — Amin
Amax + Amin
where:

- Amax 18 the maximum amplitude of the modulated wave.
- Apnin 1 the minimum amplitude of the modulated wave.

Since voltage is directly proportional to amplitude:

m — Vmax - Vmin
Vmax + Vmin

Thus, the correct answer is:

Vmax - Vmin
Vmax + Vmin
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The modulation index in amplitude modulation measures the extent of variation of the

carrier amplitude.

SECTION-C (Chemistry)

121. The de Broglie wavelength of a particle of mass 1 mg moving with a velocity of 10
ms ! is (h =6.63 x 10734 Js)

(1)6.63 x 1072 m

(2)6.63 x 1073 m

(3)6.63 x 1073 m

(4) 6.63 x 10722 m

Correct Answer: (1) 6.63 x 1072 m

Solution:

The de Broglie wavelength is given by:

A= —

muv
where: - h = 6.63 x 1073* Js (Planck’s constant) - m = 1 mg =1 x 1075 kg - v = 10 m/s

Substituting the values:

6.63 x 1034
(1 x1076) x (10)

~ 6.63x 1073
1070

—6.63%x10%m

Thus, the correct answer is 6.63 x 10729 m.

The de Broglie wavelength is inversely proportional to mass and velocity. Higher mass

or velocity leads to a smaller wavelength.
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122. Correct set of four quantum numbers for the valence electron of strontium (Z =
38) is

(1)5,0,0,+3%

(2)5,1,0,+3

(3)5,1,1,+3

(4)6,0,0,+1

Correct Answer: (1) 5,0,0,+3

Solution:

The electron configuration of Strontium (Z = 38) is:

1522522p°3523p54523d'04p°552
- The valence electrons are in the 5s orbital.
- The principal quantum number (n) is 5.
- The azimuthal quantum number (/) for an s-orbital is 0.
- The magnetic quantum number (m;) is O (since m; values range from —[ to +1).
- The spin quantum number (m;) is —l—% or —1, typically chosen as +% for an unpaired
electron in standard notation).
Thus, the correct set of quantum numbers is:

1

(5,0,0, +§)

For valence electrons, check the highest n value and identify the corresponding 1, m;,

and m, values based on orbital type.
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123. Match the following:

Listl | List Tl
Element | Electron gam enthalpy (im kI nol ™
Al F 1 -141
B| Cl |O —328
c| 0 | =200
b 5 IV —340

(1) A-11, B-1V, C-1, D-11I

(2) A-1V, B-1I, C-1, D-11I

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

(4) A-I11, B-I1I, C-1V, D-1

Correct Answer: (1) A-II, B-1V, C-1, D-1II

Solution:

Electron gain enthalpy is the energy change when an electron is added to an atom in the
gaseous state.

- Fluorine (F) has an electron gain enthalpy of —328 kJ/mol (II).

- Chlorine (CI) has an electron gain enthalpy of —349 kJ/mol (IV).
- Oxygen (O) has an electron gain enthalpy of —141 kJ/mol (I).

- Sulfur (S) has an electron gain enthalpy of —200 kJ/mol (III).

Thus, the correct matching is:

A—II, B—1V, C—I1, D—=III

Electron gain enthalpy generally becomes more negative across a period due to increas-

ing nuclear charge but decreases down a group due to increased atomic size.

124. The bond lengths of diatomic molecules of elements X, Y, and Z respectively are
143, 110, and 121 pm. The atomic numbers of X, Y, and Z respectively are:

(1)9,7,8

(2)7,8,9

(3)9,8,7
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(4)7,9,8

Correct Answer: (1)9,7,8

Solution:

- The bond length of a diatomic molecule depends on atomic size.

- Fluorine (F) has an atomic number 9 and forms a bond with a length of 143 pm.
- Nitrogen (N) has an atomic number 7 and forms a bond with a length of 110 pm.
- Oxygen (O) has an atomic number 8 and forms a bond with a length of 121 pm.
- Hence, the correct sequence of atomic numbers is 9,7, 8.

Thus, the correct answer is:

Diatomic molecules’ bond lengths are influenced by atomic size and electronegativity

trends.

125. The correct formula used to determine the formal charge ();) on an atom in the
given Lewis structure of a molecule or ion is

(V = number of valence electrons in free atom, U = number of unshared electrons on the
atom, B = number of bonds around the atom)

M Qr=V-(5)

2Q)Qy=V+(U-DB)

B)Qy=V—-(U+B)

@ Qr=V-(p)

Correct Answer: (3) Q; =V — (U + B)

Solution:

The formal charge formula is:

Qr=V - (U+B)

where:
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- V = Number of valence electrons in a free atom.

- U = Number of unshared (lone pair) electrons.

- B = Number of bonds formed by the atom.

This formula is used to determine the charge on atoms in Lewis structures to understand
molecular stability.

Thus, the correct answer is:

Qr=V—-(U+B)

Formal charge helps predict the most stable Lewis structure of a molecule.

126. RMS velocity of one mole of an ideal gas was measured at different temperatures.
A graph of (ums)? (on y-axis) and T/ K (on x-axis) gave a straight line passing through the
origin, and its slope is 249 m2s~2K . What is the molar mass (in kg mol~) of the ideal gas?
(R=83Jmol 'K™)

(1) 10

(2) 1.0

(3)24.9

(4)1x 1071

Correct Answer: (3) 24.9

Solution:

The formula for RMS velocity of an ideal gas is:
L [3BT
™ms — M

3R
(Urms)2 = HT

Squaring both sides:

Comparing with the given equation (ums)? = 2497, we get:
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3R
— =249
M
Substituting R = 8.3J mol 'K
3% 8.3
= 249
M
24.9
= 249
M
Solving for M:
249 )
=519 — = 24.9kg mol™
Thus, the correct answer is:
24.9

For gases, the RMS velocity formula wumm = 3RT is useful in solving temperature-

dependent kinetic energy problems.

127. Given below are two statements:

Statement I: Viscosity of liquid decreases with an increase in temperature.
Statement II: The units of viscosity are kg m'! s2.

The correct answer 1is:

(1) Both Statement I and Statement II are correct

(2) Both Statement I and Statement II are not correct

(3) Statement I is correct, but Statement II is not correct

(4) Statement I is not correct, but Statement II is correct

Correct Answer: (3) Statement I is correct, but Statement II is not correct

Solution: Step 1: Understanding viscosity behavior

- Viscosity is a measure of a fluid’s resistance to flow.
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- As temperature increases, the intermolecular forces weaken, decreasing viscosity.
- This applies to liquids, whereas for gases, viscosity increases with temperature due to
molecular kinetic energy increase.
Step 2: Understanding viscosity units
- The ST unit of viscosity is the Pascal-second (Pa-s), which is equivalent to N-s/m?.
- This can be written as:
kg

Pas = =
m-s

- The given unit (kg m™! s2) is incorrect for viscosity but correct for pressure.

Quick Tip

Remember:;

- Viscosity of liquids decreases with increasing temperature.

- The correct ST unit for viscosity is Pa-s = k—_gs.

128. A hydrocarbon containing C and H has 92.3% C. When 39 g of hydrocarbon was
completely burnt in O, = moles of water and y moles of CO, were formed. = moles of
water is sufficient to liberate 0.75 moles of H, with Na metal. What is the weight (in g)
of oxygen consumed?

(C=12u,H=1n)

(1) 120

(2) 240

(3) 360

(4) 480

Correct Answer: (1) 120

Solution: Step 1: Determine the molecular formula of hydrocarbon

- Since the hydrocarbon contains 92.3% carbon, the remaining 7.7% is hydrogen.

- Let the molecular formula be C, H,,.

Step 2: Find y from given data

- The given condition states that the hydrocarbon produces x moles of water, which releases

0.75 moles of Hy with sodium.
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- Since 1 mole of H»O releases 1 mole of hydrogen atoms:

r=2x075=15

So, y = 3, leading to C3 H3.

Step 3: Calculate oxygen consumption - The balanced combustion reaction:

9 3
C3Hs + ZOQ — 3C 09 + §HQO

- Molar mass of hydrocarbon = 39 g, and the oxygen required per mole is:

9
2 32 =72
1" &

For combustion reactions: - Balance carbon and hydrogen first. - Oxygen is adjusted

based on reactant-product balance.

129. At 300 K, for the reaction A — P, the AS;, is 5 J K'! mol'l. What is the heat
absorbed (in kJ mol™!) by the system?

(1) 1.5

(2) 15

(3) 1500

4) 0.6

Correct Answer: (1) 1.5

Solution: Step 1: Using the relation between heat and entropy

- From thermodynamics,

q = TASsys

where ¢ is heat absorbed, 7" is temperature, and AS is entropy change.

Step 2: Substituting values
¢ = (300K) x (5JK tmol™)
= 1500Jmol

128



— 1.5kJ mol™*

For entropy calculations: - Use ¢ = TAS. - Ensure unit conversion: 1 J = 1073 kJ.

130. Identify the incorrect statements from the following:
I ASsystem = (AStotal + ASsur)

II. A(l) — A(s); for this process entropy change decreases
I11. Entropy units are J K ! mol ™!

(1) I, I only

(2) I, II only

3) L IL I

(4) II, 11T only

Correct Answer: (1) I, III only

Solution: Step 1: Analyzing Statement I

The correct entropy relation is:
AStotal = ASsystem + ASsurroundings

Thus, the given equation is incorrect.

Step 2: Analyzing Statement I1

When a liquid changes to a solid, the molecular disorder decreases, leading to a decrease in
entropy. This statement is correct.

Step 3: Analyzing Statement I1I

The SI unit of entropy is J K1 (not necessarily per mole). Thus, the given unit is

misleading, making this statement incorrect.

Always use the correct entropy equation: ASiy1 = ASsystem + ASsurroundings-

129



131. At temperature 7 (K), the equilibrium constant i for the reaction:

As(g) = Ba(g)

1s 99.0. Two moles of Ay(g) were heated in a 1L closed flask to reach equilibrium. What are
the equilibrium concentrations (in mol L~') of As(g) and Bs(g)?

(1) 1.86, 0.0187

(2) 1.98, 0.02

(3) 0.0187, 1.86

(4) 0.02, 1.98

Correct Answer: (4) 0.02, 1.98

Solution: Step 1: Define the ICE Table

Let the initial concentration of Az be 2 mol/L and let = be the amount dissociated:

As(g) = Ba(g)

Species ‘ Initial (M) ‘ Equilibrium (M)
A2 2 2—x

By 0

T

Step 2: Apply the Equilibrium Expression

k.- 12
9= 2 i T
Step 3: Solve for «
92—2)==z
198 =99z =«
198 = 100z
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r =198

Step 4: Find Equilibrium Concentrations

[A3] =2 —1.98 =0.02 mol/L

[Ba] = 1.98 mol /L

For equilibrium problems, always set up an ICE table and use the given K. to solve for

unknown concentrations.

132. At 27°C, the degree of dissociation of weak acid (HA) in its 0.5M aqueous solution
is 1%. Its K, value is approximately:
(1)5x 1074

(2)5x 107°

(3) 5 x 1076

(4)5 x 1078

Correct Answer: (2) 5 x 107°
Solution:

Step 1: Define the given values
Degree of dissociation a = 1% = 0.01
Initial concentration C' = 0.5M

Step 2: Use the expression for i,

K, = Ca?

Substituting the values:

K, = (0.5) x (0.01)
K,=5x107°
Thus, the correct answer is 5 x 107°.
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For weak acids, use the formula K, = Ca?, where « is the degree of dissociation and C

18 the concentration of the acid.

133. Aluminium carbide on reaction with D,0 gives Al/(OD)s; and ‘X’. What is ‘X’?
(1) C2D;

(2) C3Dy4

(3) C2Dy

(4) €Dy

Correct Answer: (4) CDy

Solution:

Step 1: Write the reaction

AlyCs + 12D50 — 4AI(OD)3 + 3C Dy

Step 2: Identify the product
From the reaction, the product X formed is C' Dy, which is the deuterated methane.

Thus, the correct answer is C'Dy.

When carbide reacts with water or heavy water (D20), it forms hydroxide (Al(OD)s)

and hydrocarbon products like methane (C Hy) or deuterated methane (C'Dy).

134. Lithium forms an alloy with ‘X’. This alloy is used to make armor plates. What is
‘X’?

(1) Mg

(2) Pb

(3) Al

4) Cr

Correct Answer: (1) Mg
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Solution:

Step 1: Understanding Lithium Alloys

Lithium forms lightweight alloys that are used in aerospace and defense applications.
Step 2: Choosing the correct metal

Among the given options, lithium forms an alloy with magnesium (Mg), which is used to
make armor plates.

Thus, the correct answer is Mg.

Lithium alloys are used in aircraft and military armor due to their high strength-to-

weight ratio.

135. In which of the following reactions, dihydrogen is not evolved?
(1) Oxidation of sodium borohydride with iodine

(2) Hydrolysis of boranes

(3) Heating the adduct formed by the reaction of ammonia with diborane
(4) Burning of diborane in oxygen

Correct Answer: (4) Burning of diborane in oxygen

Solution:

Step 1: Understanding the given reactions

- Sodium borohydride (NaBH,) reacts with iodine to release Hs:
NaBH4+ I — Nal + BoHg + Ho
- Hydrolysis of boranes also releases Ha:
ByHg + HyO — B(OH)s3 + H
- The reaction of ammonia with diborane forms an adduct and releases H:
ByHg + NHs — (BHs3)a - NHs + Hy

- However, burning diborane in oxygen results in complete combustion, forming B2O3 and

water vapor, without producing dihydrogen:
BoHg + Oy — BoO3 + HyO
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Combustion reactions typically convert hydrogen into water rather than releasing it as

Ho gas.

136. Match the following bond enthalpies with their respective bonds:
List-I (zrd)e-1) List-II (2 )er-0)

Bond (20G)0) | Bond enthalpy (2206 Q{)C;Zﬁ‘@g]
(in kJ mol™)

A S1-8i I 240
B c-C I 297
C Sn-Sn I 348
D Ge - Ge Y 260

(1) A-II, B-III, C-1, D-1IV

(2) A-II, B-1V, C-III, D-1

(3) A-III, B-I, C-1, D-IV

(4) A-I1I, B-I, C-1V, D-1I

Correct Answer: (1) A-II, B-III, C-1, D-IV

Solution:

Step 1: Identifying bond enthalpies of the given bonds
- Silicon-Silicon (S7 — Si) bond enthalpy = 240 kJ/mol.

- Carbon-Carbon (C' — (') bond enthalpy = 348 kJ/mol.

- Tin-Tin (Sn — Sn) bond enthalpy = 297 kJ/mol.

- Germanium-Germanium (Ge — Ge) bond enthalpy = 260 kJ/mol.
Step 2: Matching the correct bond enthalpies

Comparing with the given data:

Si—Si— 240 (II), C—-C —348 (III), Sn—Sn—297 (I), Ge—Ge— 260 (IV)
Thus, the correct match is:
A—II,B—1III,C—1,D—1V
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Bond enthalpy is a measure of bond strength. Typically, C-C bonds have the highest

enthalpy among Group 14 elements.

137. Arrange the following pesticides in the chronological order of their release into the
market:

A: Organophosphates

B: Organochlorides

C: Sodium chlorate

(1)B,A,C

2)B,C, A

3)C,B, A

4) A,B,C

Correct Answer: (1) B, A, C

Solution: Step 1: Understanding pesticide classifications

- Organochlorides (B): These were among the earliest synthetic pesticides introduced in the
1940s. Examples include DDT.

- Organophosphates (A): These were developed later to replace organochlorides due to
environmental concerns.

- Sodium chlorate (C): This is a herbicide that became widely available later.

Step 2: Arranging them chronologically Since Organochlorides were developed first,

followed by Organophosphates, and finally Sodium Chlorate, the correct order is:

B,A,C

Quick Tip

While studying the history of pesticides, remember that organochlorides (e.g., DDT)
were phased out due to environmental concerns, leading to the development of

organophosphates.
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138. From the following, identify the groups that exhibit negative resonance (-R) effect

when attached to a conjugated system:

Formyl (A), Amino (B), Alkoxy (C), Cyano (D), Nitro (E)

(1) A,C, E only

(2) B,C, D only

(3) A, D, E only

(4) B, D, E only

Correct Answer: (3) A, D, E only

Solution: Step 1: Understanding the -R effect. Groups that withdraw electron density
from a conjugated system by resonance show a negative resonance effect (-R). Such groups
contain strongly electronegative elements or multiple bonds adjacent to the system.
Step 2: Identifying the correct groups.

- Formyl (-CHO), Cyano (-CN), and Nitro (-NO3) groups exhibit the -R effect.

- Alkoxy (-OR) and Amino (-NHs) groups show a positive resonance effect (+R).

Thus, the correct answer is A, D, E.

The -R effect is exhibited by electron-withdrawing groups containing double/triple

bonds or strongly electronegative elements.

139. A dibromide X (CyHgBr;) on dehydrohalogenation gave Y, which on reduction

with Z gave a non-polar isomer of C;Hs. What are X and Z respectively?

Br
/\/ \ Na/ NH; ()
(1) Br
Br
/\( - Pd/C
2) Br
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/\I/\Br | . NH; .

/\l/\Bl. | 2

(4) Br
Br

/\/ ) Na/ NH; (/)

Correct Answer: (1) B

Solution: Step 1: Identifying X and Y.

- X is a vicinal dibromide (contains two Br atoms on adjacent carbons).

- Dehydrohalogenation (—H Br) leads to the formation of an alkyne (Y).

Step 2: Identifying ~.

- Reduction of Y using Na/NHj; (liq) results in a non-polar alkene (trans-isomer).

- Pd/C reduction would give a cis-alkene, which is polar.

Since the question specifies a non-polar product, the reduction must have been performed
using Na/NH3; (liq), leading to a trans-alkene.

Thus, the correct answer is (1).

Na/NH; (liq) selectively reduces alkynes to trans-alkenes, while Pd/C leads to cis-

alkenes.

140. The diffraction pattern of a crystalline solid gave a peak at 20 = 60°. What is the

distance (in cm) between the layers that gave this peak?

(Given: Wavelength A = 1.544 A, sin 30° = 0.5, sin 60° = 0.866, n = 1)

(1) 8.89 x 1079 cm
(2)8.89 x 107! cm
(3) 1.54 x 1078 cm
(4) 1.54 cm
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Correct Answer: (3) 1.54 x 1078 cm

Solution: Step 1: Using Bragg’s Law. Bragg’s equation:

nA = 2dsin 6
For first-order diffraction (n = 1):
A
d= 2sin

Step 2: Substituting Values.
1544 x 10 % cm

2 x 0.866

1544 x 1078
o LT32

~154x10"%cm

d

Thus, the correct answer 1s (3).

Bragg’s law relates the wavelength, diffraction angle, and interplanar spacing in a crys-

tal lattice.

141. The concentration of 1L of C'aC'O3 solution is 1000 ppm. What is its concentration
in mol L71?

(Ca=40u,0=16u,C=121u)

(1)1073

(2) 1071

(3) 1074

(4)1072

Correct Answer: (4) 1072

Solution: We are given that the concentration of 1 L of CaCOs solution is 1000 ppm. We
need to find its concentration in mol/L.

We know that:
e Ca=40yp,

e C=12pu,
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* 1L CaCOj3 concentration = 1000 ppm.

We can calculate the molar concentration by converting ppm to mol/L using the molar mass
of CaCOs.
The molecular weight of CaCOs is:

Molar Mass of CaCO3 =Ca+C+3x O
Molar Mass of CaCO3 = 40 + 12+ 3 x 16 = 40 + 12 + 48 = 100 g/mol

Now, to convert ppm to mol/L:
* 1ppm = 1 mg/L,
* 1000 ppm = 1000 mg/L,
* 1000 mg/L = 109 = 10 mol/L.

Thus, the concentration of the solution in mol/L is:

10~2 mol/L

To convert ppm to molarity, use the relation:

ppm value
ar mass x 1000

Molarity = Mol

142. At 293 K, methane gas was passed into 1 L of water. The partial pressure of
methane is 1 bar. The number of moles of methane dissolved in 1 L. water is

(Ky of methane = 0.4 kbar).

(1)1.38

(2) 1.38 x 1072

(3) 1.38 x 1073

(4)1.38 x 101

Correct Answer: (4) 1.38 x 107!
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Solution: Step 1: Use Henry’s law. Henry’s law states:

P
C=_
Ky

where C'is the concentration, P is the pressure, and K is the Henry’s law constant.

Step 2: Substitute the values.

QL-—-L38><10—1rnoUL

C=01"

Henry’s law helps determine gas solubility in liquids. A higher Henry’s constant means

lower solubility.

143. The E® of M2+ |M is 0.3 V. At what concentration of Cu?* (in mol L=1), the Ec
value becomes zero?

(22%EL = 0.06) (Conc. of M?™ = 0.1M).

(1)107°

(2)1078

(3) 10~ 11

(4) 10710

Correct Answer: (3) 10~

Solution: Step 1: Apply the Nernst Equation.

0.06  [M2+]
_ ©
Ecell =FE" — 9 log [CU2+]

Since E . = 0, we set up the equation:

0.06 0.1
0=0.3— 1
%8 TCurt]

2
Step 2: Solve for Cu?™.




Quick Tip

Use the Nernst equation to determine equilibrium concentrations in electrochemical

cells:

Eeenn = Ee - ?hng

144. At 298 K, for a first order reaction (A — P) the following graph is obtained. The

rate constant (in s~') and initial concentration (in mol L) of ‘A’ are respectively:
y
|

103
-2.303

Slope =—(107%)

—

(1) 2.303;1071

(2) 1072;2.303

(3) 1071; 1072

(4)107%1071

Correct Answer: (4) 1072:107!

Solution: Step 1: Identifying the Rate Constant.

From the integrated rate equation for a first-order reaction:

In[A] = —kt + In[A]y
- The slope of the graph is given as —10~2, which corresponds to the rate constant:
k=10"%s""

Step 2: Identifying the Initial Concentration.
- The y-intercept of the graph corresponds to In[A]y. Given In[A]yp = —2.303,

[Alg = e 235 = 107 mol L™*
Thus, the correct answer is k = 102 s~ and [A]p = 10~ mol L™".
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For first-order reactions, the slope of the In[A] vs. time graph gives the rate constant k.

145. Given below are two statements:

Statement-1: Easily liquefiable gases are readily adsorbed.

Statement-II: Adsorption enthalpy for physisorption is less compared to adsorption
enthalpy for chemisorption.

The correct answer is:

(1) Both Statement-I and statement-II are correct

(2) Both Statement-I and statement-II are not correct

(3) Statement-I is correct but statement-II is not correct

(4) Statement-II is correct but statement-I is not correct

Correct Answer: (1) Both Statement-I and statement-II are correct

Solution: Step 1: Evaluating Statement-1.

- Gases that can be easily liquefied (like NH3, CO-, and SO3) have stronger intermolecular
forces and are more likely to be adsorbed on solid surfaces.

Thus, Statement-I is correct.

Step 2: Evaluating Statement-I1.

- Physisorption involves weak van der Waals forces and has lower adsorption enthalpy than
chemisorption, which involves stronger chemical bonds.

Thus, Statement-II is correct.

Physisorption occurs at low temperatures and is reversible, whereas chemisorption in-

volves bond formation and is irreversible.

146. The validity of Freundlich isotherm can be verified by plotting:
(1) log > on y-axis and log p on x-axis
(2) .- on y-axis and p on x-axis

(3) log > on x-axis and p on y-axis
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(4) -~ on x-axis and log p on y-axis
Correct Answer: (1) log ;> on y-axis and log p on x-axis
Solution: Step 1: Understanding Freundlich Adsorption Isotherm.

Freundlich’s adsorption isotherm is given by:
£ _ kpl/n
m
Taking logarithm on both sides,
1
10g£ =logk + —logp
m n

This equation represents a straight line where:
- log -~ is on the y-axis
- log p is on the x-axis

Thus, the correct answer is option (1).

Freundlich isotherm is an empirical relation and does not hold at very high pressures.

147. Which one of the following sets is not correctly matched?
(1) Cuprite, haematite — oxide ores

(2) Calamine, siderite — carbonate ores

(3) Magnetite, malachite — silicate ores

(4) Sphalerite, fool’s gold — sulphide ores

Correct Answer: (3) Magnetite, malachite — silicate ores

Solution:

Step 1: Understanding ore classification.

- Cuprite (Cu20) and haematite (Fe,Os3) are oxides.

- Calamine (ZnCO3) and siderite (FeCOg) are carbonates.

- Magnetite (Fe30,) is an oxide, not a silicate. Malachite (Cuz(OH)2CO3) is a carbonate.
- Sphalerite (ZnS) and fool’s gold (FeS,) are sulphides.
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Silicates are compounds containing silicon-oxygen tetrahedra. Magnetite and malachite

do not belong to this category.

148. When chlorine reacts with hot and conc. NaOH, the products formed are
(1) NaCl, NaClOs, H,O

(2) NaCl, NaOCl, HyO

(3) NaCl, H2O only

(4) NaOCl, H20

Correct Answer: (1) NaCl, NaClOs3, H,O

Solution: Step 1: Understanding the reaction mechanism.

Chlorine reacts with hot concentrated NaOH as follows:

3Cly +6NaOH — 5NaCl+ NaClO3 + 3H20

This forms sodium chloride (NaCl), sodium chlorate (NaClOj3), and water.

Cold NaOH gives NaOCl, whereas hot and concentrated NaOH gives NaClOs.

149. Identify the basic oxide from the following
(1) Cr203

(2) CrOs

(3) V205

(4) V203

Correct Answer: (4) V203

Solution: Step 1: Identifying the nature of oxides.
- Cr03 1s amphoteric.

- CrOg is acidic.
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- V505 is acidic.

- V503 is basic.

Transition metal oxides show different behaviors. Lower oxidation states tend to form

basic oxides, while higher oxidation states form acidic oxides.

150. Which of the following does not show optical isomerism?
(1) Cis-[CrCla(C204)2]3~

(2) [PtCly(en)]**

(3) [Co(NH3)3(NO2)s]

(4) [Co(en)3]**

Correct Answer: (3) [Co(NH3)3(NO2)s]

Solution: Step 1: Checking for optical isomerism.

- Optical isomerism occurs in complexes with chiral centers or asymmetric arrangements.
- Cis-[CrCly(C204)2]?>~ can show optical isomerism due to asymmetric bidentate ligands.
- [PtCly(en)2]?* and [Co(en)3]?t also show optical isomerism.

- [Co(NH3)3(NO3)3] lacks asymmetry and does not exhibit optical isomerism.

Optical isomerism occurs when a molecule lacks a plane of symmetry and can exist in

non-superimposable mirror images.

151. A polymer X is biodegradable and is obtained from the monomers Y, Z. What are
Y and Z.?

COOH P Y
HN Z SgE AN
(D)
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CH,
/I\ P W 2 W .
alN \ ! H,N
o B COOH

’fﬁﬁ&krjfxx“caoﬂ ’HKMH]’/fHR“CQDH
3) OH _ OH
OH
J/fLHKjffCDDH
' ’fﬂMMT;fHH“CDDH
(4) OH

OH

;#ELHHJKKCDDH
| ij&xwf/fxx“cooﬂ

Correct Answer: (4) OH

Solution: Step 1: Identifying the Biodegradable Polymer Components.

Biodegradable polymers are those that can be broken down by microorganisms into natural
substances such as water and carbon dioxide.

Step 2: Recognizing Monomers.

- A well-known biodegradable polymer is Polyhydroxyalkanoates (PHAs), which are derived
from hydroxy acids.

- The monomers given in option (4) contain hydroxyl (-OH) and carboxyl (-COOH)
functional groups, making them ideal candidates for forming biodegradable polymers.

- Other options include amino acids and linear dicarboxylic acids, which are less commonly
used in biodegradable polymer formation.

Step 3: Conclusion. Since hydroxy acids serve as monomers for biodegradable polymers

like polyhydroxybutyrate (PHB), option (4) is the correct choice.

Biodegradable polymers are widely used in medical sutures, packaging materials, and

eco-friendly plastics due to their ability to break down naturally.
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152. Which of the following is an essential amino acid?

COOH
HoN—+—H

CH
(1) ’

COOH
H,N——H

) CH;0H

COOH
HoN—+—H
(3) CHJLH-_:,]Z

COOH
H:N —H

COOH
HaN—+—H

Correct Answer: (3) CH(CH3),

Solution: Step 1: Understanding Essential Amino Acids.

- Amino acids are organic compounds containing amino (-NHsz) and carboxyl (-COOH)
functional groups.

- Essential amino acids cannot be synthesized by the human body and must be obtained from
dietary sources.

Step 2: Identifying the Essential Amino Acid.

- Valine (Ho N — CH(CH3)2 — COOH) is an essential amino acid.

- It is necessary for muscle growth, tissue repair, and energy production.

- The other given options include:

- Alanine (HoN — CH(CH3) — COOH) — a non-essential amino acid.

- Serine (HoN — CHoOH — COOH) — a non-essential amino acid.

- Cysteine (HoN — CH2SH — COOH) — a non-essential amino acid.

Step 3: Conclusion. Since valine is an essential amino acid that must be obtained through

diet, option (3) is correct.
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Essential amino acids such as valine, leucine, and lysine play a crucial role in protein

synthesis and metabolism. They are found in foods like meat, dairy, and legumes.

153. Which of the following hormones is responsible for preparing the uterus for
implantation of a fertilized egg?

(1) Estradiol

(2) Progesterone

(3) Testosterone

(4) Thyroxin

Correct Answer: (2) Progesterone

Solution: Step 1: Understanding the role of hormones Progesterone is a hormone
produced by the corpus luteum in the ovary after ovulation. It helps maintain the uterine
lining, making it suitable for implantation of a fertilized egg.

Step 2: Why other options are incorrect

- Estradiol mainly regulates the menstrual cycle and supports follicular development but does
not maintain pregnancy.

- Testosterone is a male hormone and does not play a role in pregnancy.

- Thyroxin regulates metabolism and has no direct role in implantation.

Progesterone is essential for the early stages of pregnancy as it prevents uterine contrac-

tions that could expel the embryo.

154. Identify the correct set from the following.

(1) Penicillin — narrow spectrum - bacteriostatic

(2) Chloramphenicol — broad spectrum - bacteriostatic
(3) Ampicillin — narrow spectrum - bactericidal

(4) Ofloxacin — broad spectrum - bacteriostatic
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Correct Answer: (2) Chloramphenicol — broad spectrum - bacteriostatic

Solution:

Step 1: Understanding Bacterial Action

- Bacteriostatic drugs inhibit bacterial growth but do not kill them.

- Bactericidal drugs kill bacteria directly.

Step 2: Checking the Options

- Penicillin is narrow-spectrum but is bactericidal, not bacteriostatic.

- Chloramphenicol is broad-spectrum and inhibits bacterial protein synthesis, making it
bacteriostatic.

- Ampicillin is a broad-spectrum antibiotic, not narrow-spectrum.

- Ofloxacin is a fluoroquinolone, and it is bactericidal, not bacteriostatic.

Broad-spectrum antibiotics target multiple bacterial strains, while narrow-spectrum an-

tibiotics are more specific.

155. Chlorobenzene (X) when reacted with reagent ‘A’ gets converted to phenol (Y).
The major product obtained from nitration of X gets converted to p-nitrophenol (Z) by
reaction with reagent B. What are A and B respectively?

(1) A =NaOH, 623 K, 300 atm; B = NaOH, 443 K, H"

(2) A=NaOH, 443 K, H"; B=H,0, A

(3) A=NaOH, 323 K, H"; B =NaOH, 443 K, H*

(4) A =NaOH, 623 K, 300 atm; B = H50, A

Correct Answer: (1) A =NaOH, 623 K, 300 atm; B = NaOH, 443 K, H™

Solution: Step 1: Conversion of Chlorobenzene to Phenol

Chlorobenzene reacts with NaOH under high temperature (623 K) and pressure (300 atm) to
form phenol.

Step 2: Nitration and Further Reaction

- The major product of nitration of chlorobenzene is p-nitrochlorobenzene.

- On treatment with NaOH (443 K, H™), it forms p-nitrophenol.
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Phenol can be synthesized by Dow’s process, where chlorobenzene undergoes hydroly-

sis under high temperature and pressure.

156. Match the following reactions with the product obtained from them:

List-1

List-I1

A | Sandmeyer reaction

I |R-I

B | Finkelstein reaction

I |RF

C | Swarts reaction

Il | Ar-Br

IV |R-Br

(VA—III, B-—I, C-1IV

Q)A—1V, B-1II, C-1

B3)A-1II, B-1V, C-1II

4 A—1II, B-—I, C—1II

Correct Answer: (4) A—II1I,B—1,C —1I1I
Solution:

Understanding the reaction products.

- The Sandmeyer reaction replaces an aryl diazonium salt with a halogen, typically giving

Ar-Br as the product. Hence, A — I11.

- The Finkelstein reaction is a halide exchange reaction, commonly yielding alkyl iodides

(R-I). Hence, B — I.

- The Swarts reaction involves fluorination, leading to the formation of alkyl fluorides

(R-F). Hence, C — I1.
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Quick Tip

For reaction-based matching questions, recall key reagents and their transformations:
- Sandmeyer reaction: Diazonium salt to aryl halides.
- Finkelstein reaction: Halide exchange to iodides.

- Swarts reaction: Replacement with fluorine.

157. What are X and Y respectively in the following reaction sequence?

CHO CN
Z X Y
‘ — Ox1me -
R, LY

(1) NHoNH,, CgH5SO2Cl/Pyridine

(2) NHsNH,, (CH3CO)20

(3) NH;OH, CgH5SO-Cl/Pyridine

(4) NH,OH, (CH3CO)20

Correct Answer: (4) NH,OH, (CH3CO)20

Solution:

Understanding the reaction mechanism.

- The first step involves the formation of an oxime (X), which is typically done by reacting
an aldehyde with hydroxylamine (NH>OH).

- The second step converts the oxime to a nitrile (Y), which is done using acetic anhydride

((CH3CO)20) in a Beckmann rearrangement.

For oxime formation, always use hydroxylamine (NH2OH). For conversion to nitriles,

use reagents like acetic anhydride or acidic catalysts.

158. Arrange the following in decreasing order of their acidity:
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COOH COOH COOH

7

A B, C

AN

CN F NO,

(hC>B>A

2)C>A>B

B)B>C>A

4)B>A>C

Correct Answer: 2)C > A > B

Solution:

Analyzing the effect of substituents on acidity.

- The acidity of benzoic acid derivatives is influenced by the electron-withdrawing or
donating nature of the substituents.

- C (NO group) is the most acidic due to the strong electron-withdrawing effect of —INOs.
- A (CN group) also withdraws electrons but is weaker than NO.

- B (F group) has an electron-withdrawing effect via induction but also donates via

resonance, making it the least acidic among the three.

Electron-withdrawing groups (—INOy, —CN) increase acidity by stabilizing the conju-

gate base, while electron-donating groups decrease acidity.

159. What are X and Y in the following set of reactions?
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OHG COOC,H
\, 5 N OH

(1) X = (i) DIBAL-H, (ii) H,O, Y = (i) DIBAL-H, (ii) H,O

(2) X = Hy/Catalyst, Y = Hy/Catalyst

(3) X = Hy/Catalyst, Y = (i) DIBAL-H, (ii) H,O

(4) X = (i) DIBAL-H, (ii) H,O, Y = Hy/Catalyst

Correct Answer: (3) X = Hy/Catalyst, Y = (i) DIBAL-H, (i1) H,O

Solution:

Step 1: Identifying the transformations.

- The first reaction involves the reduction of the ester to an aldehyde, which is best achieved
using Diisobutylaluminum hydride (DIBAL-H) at low temperatures.

- The second reaction involves catalytic hydrogenation, which reduces the aldehyde to a
primary alcohol.

Step 2: Assigning X and Y.

- The intermediate Y corresponds to the aldehyde, which is obtained by the partial reduction
of the ester using DIBAL-H.

- The final product is a primary alcohol, which suggests the use of catalytic hydrogenation

after the formation of the aldehyde.

For selective reduction:

DIBAL-H reduces esters to aldehydes at low temperatures.

160. An alkyl halide C3H7CI, on reaction with a reagent X, gave the major product Y
(C4H7N). Y on hydrolysis released a gas, which turns red litmus to blue. What are X
and Y?

P W
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/\\/CN
KCN/C>H;0H,

P
AgCN/C:HsOH.

/\/'\-C-
AgCN/C2HsOH.

//\/f?{
KCN/C2H;50H.

2)

3)
4)

Correct Answer:
Solution:

Step 1: Identifying the nature of X.

- Potassium cyanide (K C'N) is an ionic compound that provides a nucleophilic cyanide ion
(CN).

- The cyanide ion attacks the alkyl halide via an SN2 mechanism, leading to the formation of
an alkyl nitrile (R-CN).

Step 2: Understanding Y and its properties.

- The product Y is a nitrile (R — C'N), which undergoes hydrolysis to give a carboxylic acid
and ammonia (NH).

- Ammonia (/N H3) is a basic gas that turns red litmus paper blue, confirming the presence of

a nitrile.

Quick Tip

For cyanide reactions:
- KCN (Ionic CN) favors the formation of nitriles (R — CN).
- AgCN (Covalent CN) gives isocyanides (R — NC).

- Nitriles hydrolyze to carboxylic acids, releasing NH gas.
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