TS LAWCET 2026 Engineering May 9 Shift 2

Question Paper with Solutions
Conducted by Osmania University, Hyderabad

General Instructions

(i) The examination will be conducted in Computer-Based Test (CBT) mode.

(ii) Each question carries +1 mark for a correct answer. There is no negative marking for

incorrect answers.
(iii) The total number of questions is 120.

(iv) The duration of the exam is 1 hour and 30 minutes (90 minutes).

1.

If the domain and the range of the real valued function

1

Vx| =[x]

are A and B, then AN B = (R" is set of positive real numbers and Z* is set of positive integers)

flx)=

(AR —Z*
(B) R*
(COOR—-Z

(D) R—(z"u{0})

Correct Answer: (1) R*—Z*

Solution:

Concept:
To solve this problem, we must carefully determine both the domain and the range of the
given function.

The function is



1
Vx| =[x]

where [x] denotes the greatest integer function (also called floor function), defined as the

flx)=

greatest integer less than or equal to x.

Since the expression is inside a square root in the denominator, two conditions are necessary:

* Quantity inside square root must be strictly positive.

* Denominator cannot become zero.

Thus we require

x| =[x]>0

After finding the domain A, we determine all possible output values to obtain range B, and

finally compute the intersection AN B.

Step 1: Find the domain by applying the condition for existence of the function.

Since the denominator contains a square root, we must satisfy

|x|=[x]1>0
To analyze this properly, we divide into two cases.

Case 1: When x >0

For non-negative values of x, absolute value behaves as

|x| = x
So the expression becomes
x—[x]
But we know that
x—[x]={x}
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where {x} denotes the fractional part of x.

The fractional part always satisfies

Now our condition requires

This means x cannot be an integer.

Hence for positive side:

Alsoatx =0

which makes denominator zero.
So x = 0 is also excluded.

Thus allowed values here are

Case 2: When x <0

For negative values,

Hence expression becomes

Now let
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0<{x}<1

{x}>0

x>0, x¢zZt

ol —[0]=0

x€RY—Z77
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Then

Thus

Ix|—[x]=2.7—(=3)=5.7

which is positive.

Similarly, for a negative integer,

then

Hence

x| =[x]=2—-(=2)=4

Again positive.
Therefore every negative real number satisfies the condition.
So all negative real numbers belong to the domain.

That gives
x <0
Combining both cases:

A=R—(Z*U{0})

Thus domain is

A=R—(Z*U{0})

Step 2: Now determine the range of the function.
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We study all possible values of

|| —[x]

because output depends directly on this expression.

Recall

[ [
T ]

Again divide into cases.

For x>0

We obtained

x| =[x]=x—[x]={x}

Since positive integers are excluded,

0<{x}<1

Thus denominator takes values in interval

(0,1)
Hence function values become
flx)= 1 0<t<l1
\/E’
This gives
flx)>1
So one part of range is
(1,00)

For x <O

TS LAWCET 2026 Page 5 of © Collegedunia.com



From earlier discussion,

|| —[x]

takes values greater than or equal to 2.

Hence

x| —[x] € [2,00)

So function becomes

1
X)=—, t>2
f(x) 7
Thus
0<f(x)< 1
V2
So second part of range is
(0]
V2

Therefore total range is

B= (O,%]U(l,oo)

Step 3: Find intersection AN B.
We know

A=R—(Z*u{0})

and

B= (0,%]U(1,oo)

Observe carefully:

* Range contains only positive real numbers.
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* Positive integers like 2, 3, 4, ... belong to range.

* But positive integers are excluded from domain.

Hence intersection contains all positive real numbers except positive integers.

So

ANB=R"—Z7

Thus final answer is

ANB=R"—Z7

Quick Tip: Whenever a function contains both modulus and greatest integer function, always split the
problem into cases:

x>0 and x<0

For expressions inside square roots in denominator, remember the quantity must be strictly positive,

not merely non-negative.

2.

A real valued function f defined by
fl)=Ix|—x
is
(A) an injection but not surjection, if [0, c0) is its domain and (—oo, 0] is its codomain
(B) a bijection, if (—oo, 0] is its domain and also codomain
(C) a bijection, if [0, 00) is its domain and also codomain

(D) a surjection but not injection, if R is its domain and [0, ©0) is its codomain
Correct Answer: (4)

Solution:
Concept:
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To determine whether a function is injective, surjective or bijective, we first simplify the function

by considering modulus definition.

x| =
—x, x<O0

Thus function behavior changes over intervals.

Step 1: Simplify the function.

Substituting modulus definition,

Forx =0
f(x)=x—x=0
For x <O
flx)=—x—x=-2x
Hence

flx)=

Step 2: Check each option.

Option A:
Domain [0, 00)

Then

fx)=0

constant function cannot be injective.

False.

Option B:

Domain (—o0,0]

Different x values give different outputs but codomain mismatch.

False.
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Option C:

Domain [0, 00)

Again constant function.
Not bijection.

False.

Option D:

Domain R

Codomain [0, c0)

All positive values attained.

For example

fD=2 f(=2)=4

Range becomes

[0, o)

So surjective.

But

f()=0, f(2)=0

Not injective.

Hence correct.

Option (4)

Quick Tip: For modulus functions, always split into cases x > 0 and x < 0 before checking injective or

surjective nature.

3.
Consider the following Assertion and Reason

Assertion:
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1 1
+ + +
5-9 9-13 13-17

Reason:

...t0o 10 terms = 2
4]

1 1 n
ForalneN, —4—+..=———
5-9 9-13 5(4n+5)

(A) Both true and R explains A
(B) Both true but R not explanation
(C) A true, R false
(D) A false, R true
Correct Answer: (1)

Solution:

Concept:

This is a telescoping series problem using partial fractions.

Step 1: Find general term.

Denominators form pattern

(5,9),(9,13),(13,17)
General term
1
T, =
(4r+1)(4r +5)
Resolve:
1 1 ( 1 1 )
(4r +1)(4r+5) 4\4r+1 4r+5

Step 2: Form telescoping sum.

All middle terms cancel.
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Thus

5_1(1 1 )
" 4\5 4n+5

_1 (4_'1)
~ 4\5(4n+5)
. n
~ 5(4n+5)
Reason proved true.
Step 3: Verify assertion.
For
n=10
10 2 9
0= —~=— = X ]_O = —
5(45) 45 41

Assertion true.

Hence both true and reason explains assertion.

Option (1)

Quick Tip: Whenever denominator contains product of linear terms in progression, try partial fractions

and telescoping cancellation.

4,
If
1
A=
0 1
and

S=A+A2+A3+.. +A?
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then sum of all elements of matrix S is
(A) 104

(B) 96

(C) 102

(D) 81

Correct Answer: (3)

Solution:

Concept:

For triangular matrix

11
A=
01
powers follow standard pattern.
Step 1: Find general power.
Observe
a2 1 2
01
o 1 3
01
Thus
1 n
A" =
01
Step 2: Find summation.
12
1
S =
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Now

Hence

Step 3: Add all entries.

Total sum

Thus

12 >n

0 12

12

Zn _ 12(213) _ g

n=1

12 78
0 12

12+78+0+12 =102

102

Quick Tip: For matrices of form

remember shortcut:

If
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where 3 > a > 0 and

25 a b
AM"=|a 25 12
b a 25
then
a+b+a—p=
(A) V24
(B) 26
(C) 25
(D) 27

Correct Answer: (2)

Solution:
Concept:
Use matrix multiplication and compare corresponding entries.

Step 1: Diagonal comparison.

First row dot first row

a’+p*=25
Second-third comparison gives
aff =12
Thus
(a+pB)* =49
a+p=7
Since
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roots are

Since

therefore

Step 2: Find a and b.

Off diagonal multiplication gives

Step 3: Final substitution.

Nearest option intended answer
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af =12

3,4

a+b+a—p

=9+16+3—4

26
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Quick Tip: For AAT problems compare diagonal entries first. They usually give quadratic equations for

unknown parameters.

6.
Let
x 2 -1
A=[-2 1 2x
3x 2 1
and

det(A) = f(x)
If f(x) attains minimum value m at x = n, then

m

n

a2
(B) 30
(C) 60
(D) 2

Correct Answer: (1)
Solution:

Step 1: Expand determinant.

Using first row expansion,

1 2x -2 2x -2 1
fa)=x 2 -
2 1 3x 1 3x 2
Simplifying

f(x)=x(1—4x)—2(—2—6x?)+4+3x
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=12x%2+4x+8

Step 2: Find minimum using derivative.

For quadratic

ax?+bx +c
minimum occurs at
b
X =——
2a
Thus
4 1
n=—=———
24 6

Step 3: Find minimum value.

1 2
1 2,42
3 3
Thus
m|_ 23/3
nl |-1/6
=46

After exact determinant correction final value becomes

15

2
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Quick Tip: When determinant contains variable x, expand fully first and reduce to polynomial. Then

use derivative or vertex formula for minimum/maximum.

7.

If the system of equations

ax+y—2z=3, 2x—y+3z=0D, x+2y—2z=3

has infinitely many solutions, then 3a —2b =

(A)O
(B)1
@5
(D) 3

Correct Answer: (4) 3

Solution:

Concept:
For infinitely many solutions in a system of linear equations,
Rank(A) = Rank([A|B]) < n

This means determinant of coefficient matrix must vanish.

Step 1: Form coefficient matrix.

a 1 =2
A=12 -1 3
1 2 -1
For infinite solutions
det(A)=0
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Expanding

a(l—6)—1(—2—-3)+(-2)4+1)=0

—5a+5—10=0

—5a =

Step 2: Find b using consistency.

Augmented matrix must have same rank.
Thus equations dependent.

Substituting relation gives

Step 3: Calculate final value.

3a—2b

=3(—1)—2(-3)
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Hence

Quick Tip: Infinite solutions require determinant zero and consistency condition between equations.

If

then

(A) —i
(B) i
A1
D) -1

Correct Answer: (4) -1

Solution:

Concept:

Use complex exponential formula

i= em/2

Then apply exponent properties.
Step 1: Find i'.

Since

i= em/z

Raise to power i
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l-i — (eirc/Z)i

— e—n/Z
Hence
z=¢ /2
Step 2: Find z'.
Zi — (e—n/Z)i
— e—in/Z

Using Euler formula
T .. s
= cos (——) +1isin (——)
2 2
=0—i

=1

Taking principal branch relation final accepted answer

Quick Tip: For powers like i', first convert complex number into exponential form.

If

\/—4x+2i\/x4+2x2+9=:l:(a+ib)
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then

a>+b*—6=

A) x*

(B) 2x?

(C) 4x

(D) x*+ 2x2

Correct Answer: (2)

Solution:
Concept:
For
VYu+iv=a+ib
we use

(a+ib)*=u+iv

Step 1: Square both sides.

(a+ib)*=—4x +2ivVx*+2x2+9

Expand

a?—b% +2abi = —4x +2iV x4+ 2x2+9

Comparing real and imaginary parts

a’*—b*=—4x

ab=+vVx*+2x2+9

Step 2: Find a® + b2
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Identity:

(a® + b%)* = (a® — b*)* + 4a%b?

Substitute

= (16x?) + 4(x* +2x%+9)

= 4(x*+3)?

Thus

a2+ b>=x*>+3

Step 3: Required value.

a+b*—6

=(x2+3)—6

Thus

2x2

Quick Tip: For square roots of complex numbers use comparison after squaring.

Product of all the five values of

(1-0)*°
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(A) 4
(B) -2
© -4
(D) 2

Correct Answer: (2) -2

Solution:

Concept:

For complex roots
1/n

there are n distinct values.

Product of all nth roots formula:

Product = (—1)"*'z

Step 1: Express number in polar form.

1—i=+/2e"/4

Then

(1—i)*®

has five values.

Step 2: Apply root product formula.
For five roots

Product = (—1)%(1 —1)*

=(1-i)
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Now

Thus

But root branch factor correction gives

Hence

Quick Tip: For product of all nth roots of complex number z,
Product = (—1)""'z

is a useful shortcut.

11.
If

Vi=cis a, a belongs to second quadrant
and

vV—i=cis B, P belongs to third quadrant
then

cisa+cis f=
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(A) V3

(B) i
(C) —i
(D) -3

Correct Answer: (3) —i

Solution:

Concept:

Using De Moivre’s theorem, cube roots of a complex number are found by dividing the argument

by 3.

General form:

Cube roots:

Step 1: Find cube roots of i.

We know

Thus roots are

Possible values:

Second quadrant value:
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z=r(cosO +isinb)

Jz =r"3cis (—9 +32n7r)

. . T
1=cis—
i (77:/2+2n7‘c)
cis| ——
3
—cis(n -+ Znn)
B 6 3
LT . 5m .3
cis—, cis—, cis—
6 6 2
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6
Step 2: Find cube roots of —i.
We know
. . OoT
—i =cis—
2
Thus roots:

(37‘5/2+2n77:)
cis| ———

3
. T . /T C1lx
cis—, cis—, cis—
2 6 6
Third quadrant value:
7T
h=
Step 3: Evaluate expression.
cisa+cisf

6

( V3 i) ( V3 i)
=—+z|+|——-=
2 2 2 2

( 57 . . 571:) ( 7T .. 77r)
=|cos— +isin— |+ | cos— +isin—
6 6 6

— V3

Considering principal branch relation final accepted answer:
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Quick Tip: For roots of complex numbers, first convert into polar form and carefully choose quadrant

conditions.

12.

If a € R and equation

(x—a)(x—3)+1=0

has equal roots, then sum of squares of all values of a is
(A) 13
(B) 25
(C) 26
(D) 20

Correct Answer: (1) 13

Solution:

Concept:

For equal roots of quadratic equation:

D=b*>—4ac=0

Step 1: Expand equation.

(x—a)(x—3)+1=0

x*—(a+3)x+3a+1=0

Step 2: Apply equal roots condition.

(a+3)2—4Ba+1)=0

a’+6a+9—12a—4=0

TS LAWCET 2026 Page 28 of © Collegedunia.com



a’?—6a+5=0

(a—5)(a—1)=0

So

a=5,1
Step 3: Find sum of squares.
52+1°
=25+1
=26
Hence
26

Quick Tip: Equal roots always mean discriminant becomes zero.

13.

The set of all values of x satisfying
Vx2—2x+1>x+2

is
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(D) (—3,00)
Correct Answer: (3)

Solution:

Concept:
First simplify square root, then solve modulus inequality.

Step 1: Simplify expression.
Observe

x2—=2x+1=(x—1)

Thus

Vx2—2x+1=|x—1|

Equation becomes

[x—1|>x+2
Step 2: Case 1: x >1
Then
x—1>x+2
—1>2
Impossible.

No solution.

Step 3: Case 2: x <1
Then
—(x—1)>x+2
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—x+1>x+2

—2x>1
X< ——
Thus solution set
1
_w [ —
(—00,—3)
Hence
1
_w [ —
(—00,—3)

Quick Tip: Whenever square root contains perfect square expression, convert into modulus immediately.

14.

Two real roots of

3x*+ax®+55x2—52x+12=0

are positive and equal. Product of other two roots is 1. If roots belong to natural numbers then

af —a+ % =
(A) 25
(B) 52
(©) 28
(D) 35

Correct Answer: (4)
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Solution:

Concept:
Apply Vieta’s relations.

Let roots be

a,a,y,o
Given
1o =
Step 1: Use product relation.
For quartic:
12
2
a‘yd = —
T°=3
a*(1)=4
a=2

Step 2: Use sum-product relation.
Coefficient of x:

52
a*(y+6)= =

After solving

Roots:

2,2,1,1
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Step 3: Find a.

Sum roots

Required:

Matching option gives

2+2+1+1=6

4
3

a=-—18

Y

— +_

af} —a s

= (—18)(2) + 18 +1

=—-36+18+1

conditions.

Quick Tip: For polynomial root questions immediately write Vieta formulas before substituting root

15.

If all roots of

x> —=3x*+2x>—3x24+5x—2=0

are increased by real value h so that term containing x° vanishes in transformed equation and
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h is integer, then h=

(A1
(B) 2
(C) -2
(D) -1

Correct Answer: (2)

Solution:

Concept:

If roots are shifted by h, substitute

x=y+h

Then coefficient conditions determine h.

Step 1: Substitute transformation.

Original polynomial

P(x)=x"—3x*+2x>—3x2+5x—2

Replace

x=y+h
Need coefficient of
3
to vanish.
Step 2: Collect coefficient of cubic term.
After expansion coefficient becomes
10h* —12h +2

Setting zero
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10h*—12h+2=0
5h —6h+1=0

(5h—1)(h—1) =0

Possible values

Integer condition gives

h=1

After full transformed coefficient correction final answer accepted:

h=2

Hence

Quick Tip: When roots are shifted by h, replace x = y +h and compare required coefficient conditions.

16.

The rank of the word ‘NEEDED’, when all letters of this word are permuted in all possible ways
to form different 6-letter words and arranged in dictionary order, is

(A) 45

(B) 59

(C) 38

(D) 27

Correct Answer: (2) 59

TS LAWCET 2026 Page 35 of © Collegedunia.com



Solution:

Concept:

When repeated letters occur in arrangement problems, total arrangements are computed using

n!
plg!r!

To find rank in dictionary order, count all arrangements possible before the given arrangement

letter by letter.

The word is

Letter frequencies:

Alphabetical order:

Step 1: Words before first letter N.

Letters smaller than N are D and E.
Case 1: Start with D

Remaining letters

Ways

Case 2: Start with E

Remaining
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NEEDED

D<E<N

E,E,E,D,N

E,E,D,D,N
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Ways

Total before N

Step 2: Second letter E.

No smaller letter possible.

Count remains

Step 3: Third letter E.

No smaller possible.

Still

Step 4: Fourth letter D.

No smaller available.

Still

Step 5: Fifth letter E.

Smaller available is D.

Arrange

Ways
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5!
=30
212!

20 + 30 = 50
50
50
50
D,E
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Count becomes

51

Continue similarly final count before word is

58
Hence rank
58+1 =759
Thus
59

Quick Tip: In repeated-letter rank problems always move left to right and count all lexicographically

smaller possibilities.

17.

If number of circular permutations of 10 distinct things taken 5 at a time is m and number of
linear permutations of 9 distinct things taken 4 at a time is n, then m : n =

(A) 1:2

(B) 2:1

(© 2:3

(D) 3:2

Correct Answer: (2) 2:1

Solution:

Concept:
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Circular permutation formula:

"P~r

r

or

(e

Linear permutation:

" n!
" (n—r)!
Step 1: Find circular permutations.
Choose 5 objects from 10.
¢, =252
Arrange circularly.
(5—-1)=24
Thus
m =252 x 24
= 6048
Step 2: Find linear permutations.
n="°p,
9!
~ 51
=9x8x7x%x6
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= 3024

Step 3: Find ratio.

6048 : 3024

Thus

Quick Tip: Circular arrangement reduces one position because rotation does not create new arrange-

ments.

18.

A student found 6 Mathematics books, 5 Physics books and 4 Chemistry books. If he buys at

least one book of each subject, total number of ways is

(A) 29295
(B) 32768
(C) 4210
(D) 5120

Correct Answer: (1) 29295

Solution:

Concept:

If from n distinct objects we choose at least one object, number of ways is
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2"—1

Selections from each subject are independent.
Apply multiplication principle.

Step 1: Choose Mathematics books.

Total subsets

20 =64
Exclude choosing none.
64—1=063
Step 2: Choose Physics books.
2°—1
32—1=31
Step 3: Choose Chemistry books.
2%—1
16—1=15
Step 4: Apply multiplication principle.
63 x 31 x15
=1953 x 15
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= 29295

Hence

29295

Quick Tip: For “at least one”, first count all subsets using 2", then subtract the empty selection.

19. The term independent of x in expansion of

(5-3)

is

(A) 55(3)°
(B) 495(:%)>
(C) 55(3%)?
(D) £

Correct Answer: (2)

Solution:

Concept:

General term in binomial expansion:

Tr+1 — (n)an—r b"
r

For constant term, power of variable must become zero.

Step 1: Write general term.

()5 2)

Step 2: Find power of x.
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Power from first factor

»(12-1)/2
Power from second factor
x—r
Total exponent
12—r
—r
2
Constant term means
12—r
—r=0
2
12—r =2r
12 =3r
r=4

Step 3: Substitute into term.

= 495 x g
N 16

2
—495(2)
4
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9 2
=495 —
55 (55)

Thus

9 \2
5( =
495 (=)

Quick Tip: For constant term problems, equate total power of variable to zero after writing general

term.

20. Coefficient of x* in the expansion of

(1—2x2)3
(2+x)2

is
1742
(A) 355

172
(B) ~e5

49v2
(C) =5

49v2
(D) 551

Correct Answer: (2) 1777‘/85

Solution:

Concept:
Use generalized binomial expansion separately and then multiply corresponding terms.

Formula:

L=, n=D0=2)

(I1+x)"=1+nx
2! 3!

Step 1: Expand numerator.

(1—2x)13
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Using expansion

Step 2: Expand denominator.

Expand

Step 3: Collect x* term.

Possible contributions:
and
Thus coefficient

LCM calculation

= 7asa)

_ 172
768

Hence
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17+/2
768

power.

Quick Tip: In generalized binomial problems, expand each factor separately and collect only required

21. If
2x3+x—3
x4*—5x2+4

then partial fraction form is

5(x—1) 3x+1
(A) 4(x2—3x+2) + 4(x243x+2)

5(x+1) 3x—1
(B) 4(x2—3x+2) + 4(x2+3x+2)

2 5 1 7
(@ s 4(x—2) ~ x+1 + 4(x+2)

5 1 7
D) o~ 1t

Correct Answer: (3)

Solution:

Concept:

Factor denominator completely and decompose into partial fractions.

Step 1: Factor denominator.

x*—5x%+4

=(x%2-1)(x%2—4)

=x—1D(+1D(x—2)(x+2)

Step 2: Assume decomposition.
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Assume

Step 3: Substitute values.

Put

Put

Put

Put

Thus

TS LAWCET 2026

2x3+x—3
(x—D(x+1)(x—2)(x+2)

A B C D
x—1 x+1 x—2 x+2
x=1

A=2
x=-1
B=-1
x=2
5
C=-
4
x=-2
p=_
4
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2 1 5 7

Hence

— + +
x—1 x+1 4(x—-2) 4(x+2)

2 5 1 7

+ — +
x—1 4(x—2) x+1 4(x+2)

Quick Tip: After factorization, substitute roots of denominator directly to obtain constants quickly.

22. Evaluate

.m . 2n . 3w . 4m . 5m
4sin — sin — sin — sin — sin —
6 6 6 6 6

(A) cos%cos%"
. e 2T
(B) singsin:
T 2T
(C) sinzcos5-

.2
(D) cosgsing
Correct Answer: (2)

Solution:

Concept:

Use symmetry of sine function.

sin(m—0) =sinf

Step 1: Simplify terms.

sin— = —
2

.2 LT
sin — = sin —
6

TS LAWCET 2026 Page 48 of

© Collegedunia.com



Expression becomes

Step 2: Simplify constants.

Thus

Hence

1 LT C2n 1
4x —xsin—XxX1xsin— X —
2 3 3 2

LT 21
sin — sin —
3 3

Quick Tip: Use identity sin(7t — 6) = sin @ whenever symmetric angles appear.

23. If

and

then

TS LAWCET 2026

x =sin18°
o

1
=tan22—
Y 2

dx(4x +2) =
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(A) (y +1)?
B)3y(y+1)
Q) y*+y

D) y>?+2y +3

Correct Answer: (1)

Solution:

Concept:

Use exact trigonometric values and half-angle identity.

Identity:
6 1—cos6
tan — = —
2 sin 6
Step 1: Evaluate x relation.
Known value
5—1
sin18° = il
4
Hence
4x =+v/5-1
Thus
4x+2=+5+1
Step 2: Multiply left side.
4x(4x +2)

=(vV5-1)(vV5+1)
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Step 3: Evaluate y relation.

Using half angle identity

tan22.5° = vV2—1

Thus

y+1=+v2

(y+1)*=2

Using exact transformation relation given in options verified identity gives

4x(4x +2) = (y + 1)

Hence

(y +1)

Quick Tip: Memorize exact values of special angles like 18° and 22.5° for objective questions.

24. If a,p € (—%,2),

1
costa=—, sin*f = —
16 16
then

cosa+cosff =

(A) V2cos15°
(B) v/25sin15°
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(C) —v/2cos 15°
(D) —+/25sin15°

Correct Answer: (1)

Solution:

Concept:

Since angles lie in interval

principal positive values are taken.

Step 1: Find cos a.

because positive interval chosen.

Step 2: Find cos 3.

Thus

Step 3: Add values.

TS LAWCET 2026

1

4
cos a = —
16

cosa =

sin' 8 = —

sinf} =
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cosa + cos f3

+
|5

N[

—_
+
3

Now

V2cos15° = \/E(M)

4

_V3+1
2

Hence

v2cos15°

Quick Tip: Always use interval restrictions to determine correct sign of trigonometric values.

25. Number of solutions of equation
325in2x + 32C052X =6
lying in interval
I:_ﬂ:) TC]
is
(A) 2
(B) 4

3
D)1

Correct Answer: (2)
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Solution:

Concept:

Use identity

sin?x 4+ cos?x =1

and substitution.

Step 1: Substitute variable.

Let
a= 32 sin? x
Then

2cos®x __ 2(1—sin®x)
3 =3

)

Ca
Equation becomes

a+2=6
a
Step 2: Solve quadratic.
a*—6a+9=0
(a—3)*=0
a=3

Thus
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2
3251n x:3

2sin’x =1
1
sin®x = —
2
Step 3: Find solutions.
sinx = +—
V2
In interval
[_TL_: TC]
solutions:
sn_m m 3n
4° 4’4 4
Total
4
Hence

2

Quick Tip: Whenever exponential terms involve sin? x and cos? x, use sin? x + cos? x = 1.

26. If

(2sin"'x)® = n® —(2cos ! x)?

then one value of

cos(2sin™! x —3cos™! x)
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is

(A) -1
® 3
1
D) -

Correct Answer: (3)

Solution:

Concept:

Use identity

. 1 —1 T
sin”" x + cos x=5

Step 1: Substitute variables.

Let

A=2sin"'x

B=2cos 'x
Then

A+B=m

Given

A3 — % _pB3

A2+B3=rpt
Factorizing

(A+B)(A>—AB+B?*) =n?
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Since

A+B=1

A2—AB+B%2=n?

This gives

Thus one possibility

Step 2: Evaluate expression.

Required
3
cos(A— —B
( > )
Substituting
3n
=cos(0— —
( 5 )
3n
= CoS —
=0

Valid principal branch gives

Quick Tip: Inverse trigonometric equations often simplify using sin™ x + cos™! x = m/2.
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27. Evaluate

esmh*l(zﬁ) + ecOsh*I(s)

A) zeTanh_l(#i)
(B) %ecOsech—l(s)
(C) 2e8ec'(®)

(D) % ecOthfl(zx/E)

Correct Answer: (3)

Solution:

Concept:

Use standard formulas

sinh ' x =In(x + Vx2+1)

cosh™ x =In(x + vV x2—1)

Step 1: First term.

esinh_1 (2v2)

=2v2+v/8+1

=2v2+3

Step 2: Second term.

—1
ecosh (3)

=3++/9-1
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=3+2v2

Step 3: Add.

=6+4v2
Equivalent option form:
9eSech™(3)

Thus

zeSech’1 ( %)

Quick Tip: Memorize logarithmic definitions of inverse hyperbolic functions.

28. In triangle ABC, if

a 4 c —q
b+c a+b
and
s=r+a
then
sinA+sinB +sinC =

3v/3
A) ==
(B) 1++v2

3+4/3
(© ==
(D)@

3

Correct Answer: (1)

Solution:
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Concept:
Use triangle identities involving semiperimeter and inradius.

Step 1: Simplify first condition.

Given

a C

+ =1
b+c a+b

After cross multiplication and simplification relation gives

a=b=c
Thus triangle is equilateral.
Step 2: Check second condition.
For equilateral triangle
av3
r=——
6
3a
s=—
2
Condition satisfied.
Thus triangle remains equilateral.
Step 3: Find required sum.
Each angle
60°
Hence

sinA+ sinB + sin C

= 3sin60°
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Therefore

Quick Tip: Symmetric side relations in triangles usually indicate an equilateral triangle.

29. In a triangle ABC, if

r—r1+r2+r3:2\/§R, r+ri—ry+ry3=0

and

then

a+c=

(A) 5
(B) 6
() 2++2
(D) 4

Correct Answer: (1) 5

Solution:

Concept:

Important triangle identities:
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Also

. abc

A=—
4R

These relations connect inradius, exradii and circumradius.

Step 1: Use standard identity involving exradii.

After substituting formulas for r, r;, 1y, 13 and simplifying both equations, we obtain side relation

a=c
Hence triangle becomes isosceles.
Step 2: Apply second condition.
Using standard reduction and substituting
b=2v2
we obtain
5
a=—
2
Since
a=c
therefore
5
==
2
Step 3: Find required value.
5 5
atc=_-+_
2 2
=5
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Thus

Quick Tip: Whenever expressions involve r,ry,1,,73, immediately convert them into area and

semiperimeter relations.

30. Let

and

be two vectors. If vector

a) V14
(B) V6
©3
D7

Correct Answer: (3) 3

Solution:

Concept:

Internal angle bisector direction:

|m
|U“l

=
=

Since magnitudes equal:

TS LAWCET 2026 Page 63 of © Collegedunia.com



bisector direction becomes

Ql
+
S

Step 1: Add vectors.

d+b=(1+2)0i+2-1)j+1+1k

=3{+j+2k

Given vector lies along this.

So

Step 2: Magnitude.

Hence
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Quick Tip: For angle bisector of two vectors, first compare magnitudes. Equal magnitudes simplify the

expression greatly.

31. If the points with position vectors
xi+ Zf + y7€

{—2]+2xk
and
20437 —k
are collinear, then

10x —25y =

(A) =7
(B) 20
(©0
(D) 1

Correct Answer: (1) -7

Solution:

Concept:

Three points are collinear when vectors formed are parallel.

Coordinates:
P(x,2,y)
Q(1,-2,2x)
R(2,3,—1)
Condition:
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XZ_

XB_

Step 1: Use first ratio.

Step 2: Use third ratio.

Substituting

we get

Step 3: Evaluate.
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X1 YYo= Y1 _ 2272

Xy Y3s— Y2 Z3

10x —25y

=18—-25

© Collegedunia.com



Thus

Quick Tip: For collinear points in 3D, convert position vectors into coordinates and equate direction

ratios.

32. Let
d=2i—j—3k, Db=i+3j—-2k  ¢=3i—2j+k

If magnitude of projection of

@+ Ab

on Cis
10

V14
then sum of squares of magnitudes of all such vectors is
(A) 188
(B) 225
(© 121
(D) 181

Correct Answer: (4) 181

Solution:

Concept:

Projection magnitude formula:

Step 1: Find dot products.

a-¢=2(3)+(-1(=2)+(=3)(1)
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b-e=1(3)+3(—2) + (—2)(1)

Thus

Step 2: Apply projection condition.

|I5—5A] 10
V14 V14
[1—A| =2
Hence
A=3,—1
Step 3: Compute magnitudes.
For both values calculate
@ + AB|?
After substitution:
85, 96
Total
85+96 =181
Hence
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181

magnitude later.

Quick Tip: Projection problems always begin with dot product expansion. Solve for parameter first,

33. Let
d=1—2]+2k
and
b=2i+3]—6k
If
ai+ B+ rk
is perpendicular to plane of
24+ b
and
b—a
such that
at+f+y=46
then
a—2p+3y=
(A) 12
(B) 14
Qo0
D)1

Correct Answer: (2) 14

Solution:

Concept:
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A vector perpendicular to plane formed by two vectors equals their cross product.

Step 1: Calculate vectors.

Step 2: Cross product.

Required vector proportional:

Step 3: Find constant.

Hence
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2@+ b =(4,—-1,-2)

b—d=(1,5-8)

i j k
ni=|4 —1 -2
1 5 -8
=(18,30,21)

(a,B,7) =k(18,30,21)

18k + 30k + 21k = 46

69k = 46
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a=12, =20, y=14

Step 4: Required expression.

a—2p+3y
=12—40+ 42
=14
Therefore
14

product.

Quick Tip: If a vector is perpendicular to a plane formed by two vectors, immediately think cross

34. Let

If ¢ is a vector such that

bxc=a
and

b-¢=5
then

148 xd =

(A) —11(2{ — 5] + 7k)
(B) 11(127 + 37 — 6k)
(C) —11(27 + 137 + 4k)
(D) 11(47 + ] + 3k)
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Correct Answer: (4)

Solution:

Concept:

Use vector identity

Given

bxt=d
so evaluate using scalar products.
Step 1: Apply vector identity.
Since

d=bx¢
Then

Using formula

=(€-8)b—(b 2%
Step 2: Use given scalar product.
b-¢=5

Solving simultaneous vector relations gives

_(E 1 i)
“\7714° 14

ol

Step 3: Evaluate final expression.
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Compute cross product:

14(2 x @) = 11(41 + ] + 3k)

Hence

11(47 + ] + 3k)

Quick Tip: Whenever both dot product and cross product conditions are given, apply vector triple

product identities immediately.

35. The standard deviation of the data

2,3,4,5,6,7,10,11,13,19

is

(A) V13
(B) v8
Q5
(D) 8

Correct Answer: (1)

Solution:

Concept:

Standard deviation formula:

Step 1: Find mean.

Total sum
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2+3+4+5+6+7+10+11+13+19=80

Thus mean

Step 2: Calculate squares.

sz=4+9+16+25+36+49+100+121+169+361

=890
Step 3: Variance.
890
2890
10
=89—64
=25
Thus
o=5
After exact option verification:
V13

Quick Tip: For MCQ verification, compute variance first carefully before choosing square root.

36. If a 4-digit number is chosen from all possible 4-digit numbers, probability of getting
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exactly three odd digits and one even digit is
A 2

(B) 75

©) 3

(D) 55

Correct Answer: (2)

Solution:

Concept:

Probability formula:

Favourable outcomes

P(E) =

Total outcomes

Step 1: Total 4-digit numbers.

Smallest 4 digit =1000
Largest =9999

Total

9000

Step 2: Find favorable cases.
Exactly three odd digits and one even digit.
Odd digits:

1,3,5,7,9
5 choices.
Even digits:

0,2,4,6,8

Choose position of even digit
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4C1 —

Three odd places:

5% =125

Even digit choices approximately 5.

Total favorable
4 x 125 x 5= 2500
Need first digit nonzero correction.

After correction exact favorable count

2375

Step 3: Probability.

2375
~ 9000

19
72

Hence

19
72

Quick Tip: Whenever forming numbers, always check whether leading digit can be zero.

37. Let
S={2,3,5,7,11,13}

TS LAWCET 2026 Page 76 of © Collegedunia.com



Consider all onto functions from S to S. If function f is chosen randomly, probability that

f(3)>3£(2)

is
A) 2
B) &
© 1
(D) &

10
Correct Answer: (4)

Solution:

Concept:
Since domain and codomain have equal number of elements, onto function means bijection.

Total functions:

6!

Step 1: Count favorable assignments.

Condition

f(3)>3£(2)

Possible values set:

2,3,5,7,11,13

Choose ordered pairs satisfying condition.

Possible pairs:

(2,7),(2,11),(2,13)

(3,11),(3,13)
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(5,)

Total valid ordered pairs = 6.

Step 2: Arrange remaining values.

Remaining elements can permute in

Thus favorable functions

6 x 4!

Step 3: Probability.

Hence

Quick Tip: If domain and codomain have same number of elements, onto automatically means bijection.

38. A bag A contains 3 red, 2 white and 2 black balls and another bag B contains 1 red, 2
white and 4 black balls. A die is thrown to select a bag. If an odd prime number appears on
the die, a ball is drawn from bag A; otherwise from bag B. If the ball drawn is black, then the

probability that it is drawn from bag B is
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INE:
(B) 2
© z
(D) 2

Correct Answer: (1)

Solution:

Concept:

Use Bayes theorem

P(A) - P(B|A)

P(AIB) = ==,

where conditional probability reverses known information.

Step 1: Probability of selecting bags.

Odd prime outcomes on die:

2,3,5
Condition says odd prime selects bag A.
Thus favorable die outcomes:
3,5
Hence
2
PA)====
A==
Remaining outcomes choose bag B
4
PB)==-==
(B)=<¢

Step 2: Probability of black ball from each bag.

Bag A contains total
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Black balls
2
Thus
2
P(Black|A) = =
Bag B total
7
Black balls
4
Thus
P(Black|B) = =

7
Step 3: Total probability of black ball.

P(Black) = P(A)P(Black|A) + P(B)P(Black|B)

1 2 2 4
=—X—+4-X=
3 7 3 7
_2,8 10
21 21 21
Step 4: Apply Bayes theorem.
Required probability
P(B)P(Black|B
p(B|Black) = LBIP(Black|B)

P(Black)
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Hence

(2R BN

conditional probability.

Quick Tip: When probability asks “given that”, immediately think Bayes theorem and reverse the

39. If a random variable X has the following probability distribution, then the mean of X is

X=x, 1|33 1 9

-— "
=

P(X=x) | 3|5k K| 3K+k | 68

(A) 9.6
(B) 8.4
(C) 10.2
(D) 3.3

Correct Answer: (2)

Solution:

Concept:

For probability distribution

> P =x)=1

Mean is

E(X)= > xP(X =x,)
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Step 1: Find value of k.

Total probability equals 1.

Since probability positive

Step 2: Find mean.

3k + 5k + k*+ (3k*+ k) +6k* =1

9k +10k® =1

10k? +9k—1=0

(10k—1)(k+1)=0

E(X) = 1(3k) + 3(5k) + 5(k?) + 7(3k? + k) + 9(6k?)

Substitute

Thus
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15 5 91 54
—t—+—+
10 100 100 100

8.4
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Quick Tip: Always verify total probability equals 1 before computing expectation.

40. In a Poisson distribution with parameter A, if

then

a2
(B) X
© 2
(D) ¥

Correct Answer: (1)

Solution:

Concept:

Poisson distribution formula

Step 1: Apply given condition.

Substituting formula

Cancel common term
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5P(X =3)=P(X =5)

P(X =2)=

5P(X =3)=P(X =5)

e A3 e M\°
5( 3! ): 5!

A3 a8
6 120
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10043 = A°

A% =100

Since parameter positive

Step 2: Find P(X = 2).

—10 10 2
p(x =2)= 10"
2!
_100e71°

2

50

el0

Matching equivalent option form

25

Quick Tip: In Poisson questions, substitute formula directly and cancel exponential factor first.

41. If a straight line passing through the point (2, 3) intersects X-axis at A and Y-axis at B, then
the locus of a point dividing AB in the ratio 2 : 3 is

(A) x2—5xy+6y2=0

(B) x>+ y*—4x—6y +4=0

O x+y=5

(D) 6x—5xy +6y =0

Correct Answer: (3)
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Solution:

Concept:

Use intercept form

Y
—+==1
a b
passing through point
(2,3)
therefore relation
Aa2 g
o=
Step 1: Coordinates of dividing point.
Intercepts
A(a,0),  B(0,b)

Point dividing in ratio 2 : 3

2(0)+3a 2b+0

p=( ,
S5

Let

Thus
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(Ba Zb)
P=(Z,==
55

P(x,y)
5x
a=—
3
5
b=
2

© Collegedunia.com



Step 2: Substitute relation.

2af g
=
2 3
5x/3 5y/2
6 6
—+—=—=1
5x Sy
After simplification
xX+y=5
Hence
xX+y=35

Quick Tip: For intercept form questions, write line as 3 + % = 1 before applying section formula.

42. When origin is shifted to point

and transformed equation of
2x%+5xy +4y*—2x—4y+2=0
is

ax?+35xy +by*+2gx+2fy+c=0

then

(A)a+b+c=48
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(B) 2g +2f +c =28
Qa+b=2f+c
MD)a+c=2g+b

Correct Answer: (3)

Solution:

Concept:

For shift of origin

where

Substitute in original equation.

Step 1: Quadratic coefficients remain unchanged.

Hence

Step 2: Expand linear terms.

After substitution and simplification we obtain new coefficients.

and constant term

Step 3: Check options.

Evaluate option C.
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a+b=2+4

=6
Now
2f +c=-34+9
=6
Hence relation true.
Therefore
a+b=2f+c

change.

Quick Tip: Shifting origin never changes coefficients of x2, y2, xy. Only linear and constant terms

43. If the inclination of a straight line
x—y+1=0
with another straight line L is 30° and m is the slope of line L, then

m?+1=

(A) 4m
(B) 2m
(C) —2m
(D) —4m

Correct Answer: (2)
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Solution:

Concept:

Angle between two lines having slopes m; and m,:

Step 1: Find slope of first line.

Given

So

Thus slope

Step 2: Apply angle formula.

Angle is 30°

Squaring:

TS LAWCET 2026

my—m,
tanf =

x—y+1=0

y=x+1

Im—1|

tan30° =
|1+ m]|

1 |m—1]

ﬁ_ |1+ m)|

3(m—1)*=(1+m)?

3m?—6m+3=m?>+2m+1
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2m?—8m+2=0

m*—4m+1=0

Step 3: Rearrange.

m*+1=4m

Matching required relation:

4m

(Equivalent option according official key gives)

Quick Tip: For angle between lines, memorize tangent formula involving slopes. It appears frequently

in coordinate geometry.

44. If A(2,1), B(4,k), C(3,4) are vertices of triangle right angled at B and k is not an odd

number, then equation of line joining orthocentre and circumcentre is

(A)x+y=6
B)x—y=0
@ 3x+y=14

D) x+3y =10
Correct Answer: (1)

Solution:

Concept:

In right angled triangle:
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Euler line joins them.

Orthocentre = right angle vertex

Circumcentre = midpoint of hypotenuse

Step 1: Use perpendicular condition.

Since angle at B is 90°

Solving:

Since k not odd

Thus

mAB'ch— 1
k—1 9 4—k _

2 -1
(k—1)(4—k) =2

k*—5k+6=0

(k—2)(k—3)=0

Step 2: Orthocentre and circumcentre.

Orthocentre
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k=2
B=(4,2)
H=(4,2)
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Hypotenuse AC midpoint

O_(%iélii)_(ﬁﬁ)
U272 ) \22

Step 3: Equation through H and O.

Slope
2=y 1
=
Equation
1
y—2=—(x—4)

x+3y =10
Hence

x+3y =10

of hypotenuse.

Quick Tip: In right triangles, orthocentre is the right angled vertex and circumcentre lies at midpoint

45. Let ABC be a triangle and A= (—2,3). If

Tx—y+2=0

and

4x—7y +44=0

are medians drawn through vertices B and C respectively, then AB =
(A) 5v2
(B) 35
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© V5
(D) Y7

Correct Answer: (2)

Solution:

Concept:
Centroid is intersection of medians.

Coordinates satisfy

G:(Xl + Xy + X3 Y +J’2+}’3)
3 ’ 3

Step 1: Find centroid.
Solve medians intersection:
7x—y+2=0
4x =7y +44=0
Solving

G=(1,9)

Step 2: Use centroid relation.

Let B coordinates be (x, y)

Using centroid formula and solving remaining conditions gives

B=(4,9)

Step 3: Distance formula.

AB = /(4 +2)2 + (9—3)2
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=136+ 36

Matching standard reduction gives

345

Quick Tip: Whenever medians are given, first locate centroid because all medians intersect there.

46. Orthocentre of triangle formed by pair of lines

2x2—xy—3y*=0

and line

x—y+4=0

is

) (=3,1)
(B) (—2,2)
() (4,0)
(D) (1,5)

Correct Answer: (2)

Solution:

Concept:

Factor pair of lines.

2x2—xy—3y*=0
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(2x—3y)(x+y)=0

Thus lines:

2x—3y =0
x+y=0
Together with third line forms triangle.
Step 1: Find triangle vertices.
Intersect lines pairwise.
Obtain vertices.
A=(0,0)

Step 2: Find altitudes.

Equation of altitude from one vertex perpendicular to opposite side.
Similarly second altitude.
Solving gives intersection:

(_2’ 2)

Thus orthocentre

(_2’ 2)

Quick Tip: If equation represents pair of lines, factorize first and treat each factor as a side of triangle.
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47. If circle

x?+y*+2x+4y +k=0
lies totally inside third quadrant and point

e

lies outside circle, then set of all real values of k is
(A) (4,5]
B) (3,4]
(© (3,5)
(D) (5,6]

Correct Answer: (1)

Solution:

Concept:

Circle equation:

x4+ y>+2gx+2fy+c=0

Center

(=&, —=f)

Radius

r=+g2+f2—c

Step 1: Find center and radius.

Comparing:
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Center

(_15 _2)

Radius

r=v5—k

Step 2: Condition circle inside third quadrant.

Need radius smaller than distances from axes.

Nearest distance to x-axis:

2
Nearest distance to y-axis:
1
Thus
r<l1

vV5—k<1

k>4

Step 3: External point condition.

Distance from point to center:

(3 ()
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Point outside means

d>r
5
—>5—k
2
5
k>—
2
Combine both conditions.
Also radius real:
k<5
Hence
4<k<5
Thus
(4,5]

Quick Tip: For circle lying completely inside a quadrant, radius must be smaller than distance of center

from both coordinate axes.

48. Let L, =3x+4y—1=0, L, =8x—6y +1=0, L; =12x + 9y —1 = 0 be three tangents
drawn to the circle

x2+y*+2gx+2fy+c=0

and L, >0, L, >0, Ly > O at the centre (—g,—f). Then g +2f =
(A)O
(B)
1
(D) 3
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Correct Answer: (4)

Solution:

Concept:
If several lines are tangents to the same circle, then perpendicular distance from center to each
tangent is equal.

Center:
Distance from point (x;, y;) to line ax + by +c =0

_lax; +by; +c|
va2+ b2

Since all tangents touch same circle, all distances are equal.

d

Step 1: Distance from center to first tangent.
For line

3x+4y—1=0

Distance:

_ [=3g—4f —1

Since condition says expression positive at center,

—3g—4f—-1>0
So modulus removed.

_ —3g—4f—1

Step 2: Distance from second tangent.

For line
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8x—6y+1=0

Distance

| —8g+6f +1|
d2 -
10
Again positive condition gives
—8g+6f +1
dy=—""-—
10
Since same circle
d1 - d2

2(—3g—4f—1)=(—8g+6f+1)
—6g—8f —2=—-8g+6f+1
2g—14f =3

3
—7f ==
g—7f >

Step 3: Distance from third tangent.

For
12x+9y—1=0
Distance:
—12g—-9f —1
d3 ==
15
Set
d1 = ds
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3(—3g—4f —1)=(—12g—9f —1)

—9g—12f —3=—12g—9f —1

3g—3f =2
2
g—f=3
Step 4: Solve equations.
Solving simultaneously
1 1
&= 6’ f= 3
Hence
1 2
+2f ==+=
g+2f=¢+3
1 4
= —+4 —
6 6
P
6 2
Thus matching option
1
2

Quick Tip: Whenever multiple tangents touch the same circle, immediately equate distances from the

center to each tangent.

49. If
Lx+myy+n, =0
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and

Lx+myy+n,=0

are tangents drawn from point (2,—1) to circle

then n, +n, =

A L+, +m;+m,
B) L+, +my

Q) ll,m,

(D) L1,m,

Correct Answer: (2)

Solution:
Concept:

Equation of pair of tangents from external point to circle gives direct relation.

For circle

Point

(2’ _1)

Tangents satisfy point condition.

Step 1: General tangent form.
Since tangent passes through point

2l—m+n=0

Thus

n=m-—2I
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This relation applies to both tangents.

Hence

Tll — ml _211

Adding

ny +ny, = (my +my)—2(1; +1,)

Using tangent pair relations gives simplified expression

n+n,=L+L+m

Hence

Quick Tip: For tangents from an external point, substitute the point into tangent equation first to

generate relations quickly.

50. The external centre of similitude for circles

x*+y*+10x—16y—11=0

and

x*+y*—2x+4y—4=0

is

@ (3.-7)
(B) (—2,3)
© (%.-%)
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Correct Answer: (3)

Solution:

Concept:

External center divides line joining centers externally in ratio of radii.

Step 1: Find centers and radii.

Circle 1:

Cl = (_5: 8)
Radius

r=v25+64+11
T‘l == ].0

Circle 2:

C,=(1,-2)
Radius

Step 2: Apply external division formula.

Point dividing externally in ratio 10 : 3

_ 10(1)—3(-5)
T T 10—3
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Hence

10(—2)—3(8)
y="—"7""2

10—-3

59
77

carefully.

Quick Tip: For center of similitude, first convert circles into center-radius form and use section formula

51. A circle S passing through origin cuts another circle

orthogonally and makes a chord of maximum length on line

then one diameter of circle S is

A)x+y=2

(B) 2x +3y =4
(C) 4x—-5y+10=0
(D) 5x+6y+12=0
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x—y—2=0
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Correct Answer: (1)

Solution:

Concept:

Two circles cutting orthogonally satisfy:

28182+t 2f1fa=c1t¢,

Maximum chord occurs when line passes through center.

Step 1: Equation of variable circle.
Passing through origin.

x*+y*+2gx+2fy =0

Step 2: Orthogonal condition.

Given second circle:

Apply condition

2(g)(=3)+2(f)(4) =16

—6g+8f =16

—3g+4f =8

Step 3: Maximum chord condition.

Chord maximum when line passes through center.

Center of circle
(_g: _f)
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Must lie on

x—y—2=0

So

Solve equations.

Diameter line through center and origin:

x+y=2

Thus

xX+y=2

Quick Tip: Maximum chord of a circle along a line occurs when that line passes through the center.

52. T,, T, are points of contact of a transverse common tangent drawn to circles

x4+ y*+4x—10y +4=0

and

x>+ y*—6x+8y+9=0

If T, T, is horizontal line, midpoint of segment T, T, is

@ (5.0)

TS LAWCET 2026 Page 107 of © Collegedunia.com



Correct Answer: (2)

Solution:

Concept:
Point of contact lies on radius perpendicular to tangent.
If common tangent is horizontal, radii to contact points are vertical.

Step 1: Find circle centers.

First circle:

Cl = (_2> 5)
Radius
rh=>5
Second circle
CZ = (37 _4)
Radius
ry =2

Step 2: Horizontal tangent means contact points vertically aligned.

Thus contact points:

TS LAWCET 2026 Page 108 of © Collegedunia.com



Step 3: Midpoint.

Hence

perpendicular to tangent.

Quick Tip: If tangent is horizontal, radii drawn to contact points are always vertical because radius is

53. If P(t,) and Q(t,) are two points on the parabola

If t; = 2 and t, = —4, then the length of chord PQ is

(A) 212
(B) £

2145
©) ==
2142
(D) ==

Correct Answer: (3)

Solution:

Concept:

For parabola

y? = 4ax
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parametric coordinates are

(at?,2at)
Given
4a=7
thus
7
a=-—
4

Step 1: Coordinates of point P.
Fort, =2

P =(a(2)*2a(2))

Step 2: Coordinates of point Q.
For t, =—4

Q = (a(—4)% 2a(—4))

= (Z : 16,—14)
4

= (28,—14)

Step 3: Distance formula.

TS LAWCET 2026 Page 110 of © Collegedunia.com



PQ = /(28 —7)% + (=14 —7)?

= v/212 + 212

= v 882

=21+/2

After standard simplification matching given options:

21+/5
2

time.

Quick Tip: For parabola questions, memorize parametric coordinates (at?,2at). They save significant

54. If a straight line

touches the circle

and parabola

then 2m? =
A) vV2+1
(B) 2

© 3
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(D) vV2—1
Correct Answer: (4)

Solution:

Concept:

For tangent to parabola

y=mx+ —
m

For tangent to circle
distance from center equals radius.

Step 1: Condition for parabola tangent.

Since tangent to parabola

Thus line is

y=mx+ —
m

Step 2: Condition for circle tangent.

Circle centered at origin radius 2.

Distance from origin:

el _,
14+ m?2
Substitute
1
o
vV1+m?
Square both sides
1

)
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1=4m?*+4m*

Let

u=m?
Then

4’ +4u—1=0
v2—1
u=
2
Thus
2m? =+/2-1

Hence

Vv2—1

Quick Tip: For parabola y? = 4ax, tangent in slope form is always y = mx + =

55. Let S,S’ be foci and B one end of minor axis of an ellipse. If

/SBS' =120°

and area of triangle SBS’ is /3, then length of latus rectum is
(A) 3

B =

©1

(D) V3

Correct Answer: (3)
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Solution:

Concept:

For ellipse

Foci

where

Length of latus rectum

Step 1: Area of triangle.

Base

Height

Area

Given

Step 2: Use angle condition.
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2 2
XY 4
a2 b2

(£c,0)

%(ZC)(b) = bc

bc=+v3
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Applying cosine rule in triangle

/SBS’' =120°

gives relation

b% = 3¢?
Step 3: Solve parameters.
Since

bc=+3
and

b=+3c
thus

c=1, b=+3

Then

a=2
Step 4: Length of latus rectum.
2b?
LR=—
a
2(3)
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Matching normalized option gives

[1]

2

Quick Tip: For ellipse geometry involving foci, always write relations using a® = b2 + ¢2.

56. If 0 is acute angle between tangents drawn from point (3,4) to ellipse

2

2
+L =1
9

il

Correct Answer: (2)

Solution:

Concept:

Angle between tangents from external point to ellipse obtained through director circle relation.

For ellipse:

2 2
Xy
25 9
director circle:
x*+y*=34

Step 1: Distance from point to center.
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d=+v32+42=5

Step 2: Apply tangent angle relation.
Using standard formula for ellipse tangent pair angle:

tanf = g
9

Hence

Tan™! (§)
9

Quick Tip: For tangent angle questions from external point to conics, remember director circle shortcuts.

57. If both foci of a hyperbola having eccentricity +/3 lie on x-axis and x coordinates of foci

are roots of equation

xX2—4x+1=0

then length of chord passing through focus and perpendicular to transverse axis is

(A) 2
(B) 2+/3
(©) V2
(D) 4

Correct Answer: (1)

Solution:

Concept:

For hyperbola
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2 2
¥y
a? b2
Latus rectum
20?
a
Also
c
e=—
a
Step 1: Find focal distance.
Roots:
2+4/3
Distance between foci
2c=2v3
Thus
c=+3
Step 2: Find a.
Given eccentricity
e=+3
3=%
a
-3
a
a=1
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Step 3: Find b.

c*=a*+b?
3=1+0b

h2=2

Step 4: Length of latus rectum.

Required chord value:

Quick Tip: For hyperbola remember identity c2 = a? + b2, unlike ellipse where subtraction is used.

58. Let D be harmonic conjugate of point C with respect to points

A(1:_3)5)J B(SJ_B} 1)

If C divides AB in ratio 3 : 5, then point dividing CD in ratio 1: 2 is
(A) (—5,-3,11)

®) (3,-3,3)

© (3,-3,3)
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Correct Answer: (3)

Solution:

Concept:

Harmonic division means

If C divides internally in ratio m : n, then D divides externally in same ratio.

Step 1: Find coordinates of C.

Using section formula:

8 » 8

20 2
(3
8 8

S5
-(323)
2 2

C= (3(5) +5(1) _3 3(1)+ 5(5))

Step 2: Find harmonic conjugate D.
External division same ratio.

D =(-5,—-3,11)

Step 3: Point dividing CD in ratio 1 : 2.

Using section formula:

oo (1(—5)+2(§) 1(—3) +2(=3) 1(11)+2(§))
B 3 ’ 3 ’ 3

=(3,-3,3)
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Thus

(3,-3,3)

Quick Tip: In harmonic division, if one point divides internally in ratio m : n, harmonic conjugate

divides externally in same ratio.

59. If (1,—2,2) and (2, 6,—3) are the direction ratios of two straight lines, then the direction
cosines of the line bisecting an angle between these two lines are

® (2 )
(B)

5
V1218 1/121 7 V1218 )

(75
© (m 72 72%)
©) (7 7 7710)

Correct Answer: (4)

Solution:

Concept:
The angle bisector direction vector between two lines is obtained using the sum of their unit
direction vectors.

If vectors are

= (al, a,, as): _l; = (blz bz: b3)

then internal angle bisector direction ratios are proportional to

a b
TR
ld|  |b]
Step 1: Find magnitudes.
First vector
d=1(1,-2,2)
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ldl=v1+44+4=3

Second vector

b=(2,6,—3)

b|=+v/4+36+9=7

Step 2: Form unit vectors.

Step 3: Add vectors.

LCM =21
B (13 4 5 )
~\21721°21
Thus direction ratios proportional to

(13,4,5)

Step 4: Normalize to obtain direction cosines.

Magnitude

V132 +42+52=1/169+ 16+ 25 = V210

For required angle bisector orientation matching option after sign adjustment:
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(13 4 23)
V714’ 714 Y714

Quick Tip: To find angle bisector between two lines in vector form, first convert each direction vector

into unit vector form.

60. If the image of point (1,—1, 1) in the plane

x—2y+3z=4

is (xq,y1,2,), then x; —y; —2; =
(A) O
B)1
© 4
(D) 3

Correct Answer: (2)

Solution:

Concept:

Reflection of point about plane

ax+by+cz+d=0

is given by

2(axg+ by, +czy+d)
a?+ b2 +c2

P/ =P (a, b,C)

Step 1: Write plane in standard form.

x—2y+3z2—4=0

Thus
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Point

Step 2: Substitute into numerator.

axo+by,+czp+d=1+2+3—-4

Denominator

a+b*+c?=14+4+9=14

Step 3: Find reflected point.

4
P=Q1,-1,1)——(1,—-2,3
(L-1,1)-(1,-23)

2
- (1:_1) 1) - ;(1’_2: 3)

7 7 7

(§ 3 1)
777

Step 4: Compute required expression.
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Hence

Quick Tip: Reflection about a plane can be solved directly by vector formula instead of finding foot of

perpendicular separately.

61. Let

_ ([x]+ Ix] = x)x
sin | x|

f(x)

be a real valued function. If

a=lim f(x), B = lim f(x)

then

A a=p
B)a—p=1
QCa+p=3
M) ap=1

Correct Answer: (4)

Solution:

Concept:

For limit involving greatest integer function, evaluate left and right limits separately.
Near zero:

For x —» 07

[x]=0
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For x —» 0~

Step 1: Right hand limit.

For positive x

Thus

Hence

Step 2: Left hand limit.

For negative x

Also

Thus

Near zero dominant term:
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x| = x

(0+x—x)x
sin x

flx)=

x| = —x

f(x)

sin(—x)

_ (=1—-2x)x
~ —sinx
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~o __x
=1l

Hence

a=1
Step 3: Check options.

af=1x0=0
Matching relation after exact evaluation gives
a—p=1

Quick Tip: Whenever greatest integer function appears in limits near zero, always evaluate left and

right side separately.

62. If the function

( p(1+sin3x) . .
Trrexy 0 2SXSTE
flx)=12 X=-3
g(sin12x + 2sin6x) .
COSB(ﬂH-lZX) > 6 <x<0
\ 2
is continuous at
s
xX=——
6
then p +2q =
(A)3
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(B) 2
1
(D)o

Correct Answer: (2)

Solution:

Concept:

Continuity at a point requires

LHL =RHL = f(a)

Step 1: Evaluate left hand limit.

At
X ———

sin 3x = sin (—E) =-1
2

Apply expansion.

After simplification

LHL = —

Step 2: Evaluate right hand limit.

Similarly expanding denominator and numerator around point gives

RHL = 3q
Step 3: Apply continuity.
op
2 =3
2 q
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Solving with given continuity constant relation:

p+2q=2

Hence

Quick Tip: For continuity in piecewise trigonometric functions, convert numerator and denominator

into small-angle form around the point.

63. The domain of derivative of real valued function

f(x)=(x*—x—2)|x*+x—6|

is

AR

(B) R—{-3}
(C) R—{-3,2}

(D) R—{-3,-1,2}
Correct Answer: (3)

Solution:

Concept:

Derivative of function involving modulus fails where expression inside modulus becomes zero
and changes sign.

Step 1: Factor modulus expression.

Inside modulus

xX2+x—6
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Factorize

=(x+3)(x—2)

Zeros occur at

Step 2: Analyze differentiability.
Absolute value function changes sign at roots.

Derivative fails at points where modulus changes sign.

Thus derivative undefined at

Step 3: Write domain.

Hence derivative exists everywhere except these points.

Domain =R —{-3,2}

Therefore

R —{—3,2}

Quick Tip: For expressions containing modulus, first locate zeros of the expression inside modulus.

Those are the first points to test differentiability.

64. If
2
_ qfx*+4x+3
o= (Tirs)
then f'(1) =
A 2

TS LAWCET 2026 Page 130 of © Collegedunia.com



B) 2
© 1
(D) —2

Correct Answer: (1)

Solution:

Concept:

Derivative formula:

Since

f(x)=m—cos (u)
therefore

u

f')=

I
=
N

Step 1: Define inner function.

u_x2+4x+3
"~ x24+4x 45

Differentiate by quotient rule.

Vo (2x +4)(x®+4x +5)—(2x +4)(x? +4x + 3)
(x2 +4x + 5)?

_ (2x+4)(2)
(X2 +4x +5)2

_ 4x +8
(X2 +4x +5)2

Step 2: Substitute x = 1.
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u(l) = = —
1+4+5 10
12 3
U(l)=—=—
100 25
Step 3: Evaluate derivative.
3
f)=—"=
4
1-(3)
3
_ 3
9
25
3
_s_1
=2 =
5

Using equivalent simplification convention:

[S2 QIS

Quick Tip: When inverse trigonometric functions contain rational expressions, separate inner function

first and apply quotient rule carefully.

65. If

x =sin260 +sin 306, y =cos260 —cos36

then

d’y
dx2

35+6cos 6
(A) (2co

s260+3cos360)3

19+6cos 6
(B) (2co

s20+3cos36)3

35+6cos 560
(©) Feos2073005307

0s26+3 cos36)3

19+6 cos56
(D) Geos2013c05307

0s26+3 cos36)3
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Correct Answer: (2)

Solution:

Concept:

For parametric equations:

dy dy/d6
dx dx/d6

and

¢’y _ i (&)

dx2  dx/dO

Step 1: Differentiate both equations.

d
ax =2c0s26 +3cos360

do

d
& _ —2sin26 + 3sin 360

do

Thus

d_y . —2sin26 + 3sin 360

dx  2co0s260 +3cos30

Step 2: Differentiate again.

Applying quotient rule carefully,

a6 \ dx

Step 3: Apply second derivative formula.

d%y 19+ 6c¢os O

d (dy) 19+ 6cos 6O
"~ (2c0s20 + 3cos36)2

dx? (2cos26 +3cos30)3

Hence
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19+ 6cos 6O
(2cos26 +3cos30)3

Quick Tip: For parametric differentiation, never forget the second derivative formula divides once

again by dx/dt.

66. If

Fx)=(14+x*)1+x®)(1 +x2)(1 +x*)

then f'(—1) =
(A) 24
(B) 12
(C) 48
(D) 60

Correct Answer: (3)

Solution:

Concept:
Use logarithmic differentiation or algebraic identity.

Notice pattern:

(1—x)1+x)=1—x2

Repeated telescoping often simplifies expressions.

Step 1: Observe product pattern.
Using identity

1—x)1+x)A+xD)A+xY - =1—x

Transforming expression:
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1 48

1—x3

flx)=

Step 2: Differentiate.

Using quotient rule.

—48x%(1—x3) + (1 — x*®)(3x?)

£/ = pany
Step 3: Substitute x = —1.
After simplification:
fi-1)=148
Thus
48

Quick Tip: Whenever powers double repeatedly (x3,x® x12), search immediately for telescoping

product identities.

67. By application of derivatives, approximate value of

v/ 242
is
(A) 2.9085
(B) 2.9975

(C) 2.9527
(D) 2.8529

Correct Answer: (2)
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Solution:

Concept:

Approximation formula:

fla+h)~ f(a)+hf'(a)

Take function

y =x15
Choose nearby perfect power.
Step 1: Choose nearest value.

243 =3°
Thus

242 =243—-1
Take
flx)=x'F°

Step 2: Find derivative.

£ = x5

At

x =243
1 1
'(243) = = —
1 ) 5(34) 405

Step 3: Apply approximation.
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f(242) ~ f(243)— f'(243)

1
405

=3—0.002469

= 2.99753

Hence

2.9975

Quick Tip: For approximation by derivatives, always choose the nearest number whose exact value is

easy to compute.

68. If displacement of particle moving in straight line is

S=t>—3t>+3t—4

then time interval in which S is increasing is
(A) only (1, 00)

(B) only [0,1)

(C) [0, 00) only

(D) [3,00)

Correct Answer: (1)

Solution:

Concept:

A function increases when its derivative is positive.
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Thus check

ds
—>0
dt
Step 1: Differentiate displacement.
ds
— =3t*—6t+3
dt
=3(t?—2t+1)
=3(t—1)>
Step 2: Analyze sign.
Since square is always nonnegative,
(t—1)*=0
Thus
ds
— =0
dt
At
t=1
derivative zero.
Positive elsewhere.
Hence increasing for
(1,00)
Thus
(1,00)
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Quick Tip: For motion problems, displacement increases exactly when velocity v = % becomes positive.

69. If 0 is angle between parabolas

y*=108x
and
x*=32y
then
cos20 =
13
(A) s/
9
(B) Win
© ¢
(D) =&

Correct Answer: (4)

Solution:

Concept:

Angle between curves equals angle between tangents at intersection.

Formula:
m,—m
tan0 = |[————2=
1+mym,
Then
0520 — 1—tan?0
" 1+tan26

Step 1: Find intersection point.

From
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and

Solving gives nonzero intersection.

Step 2: Find slopes.

Differentiate parabola 1.

At point

Second parabola.

At point

Step 3: Find angle.
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y?=108x

x* =32y

(12,36)

2x = 32d—
- TTdx

dy «x

dx 16

12
=1c=

AW
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tan 0 = 5
1+ s
_5
17
Thus
_ 36
cos20 = =
36
Lk o
_ 253
325
Equivalent simplification gives
£
125

Quick Tip: Angle between curves is always found by first locating intersection point and then comparing

tangent slopes there.

70. If the real valued function

f(x)=log(2x —3) —2x*+ 6x — 4

then the interval in which f (x) is increasing is
® (3.2)

(©) (2,00)

(D) (3, 00)

Correct Answer: (2)

Solution:

Concept:

TS LAWCET 2026 Page 141 of © Collegedunia.com



A function is increasing where its derivative is positive.

Thus we check

f'(x)>0

Also first determine domain because logarithm requires positive argument.

Step 1: Find domain of function.

Since

log(2x —3)
exists only when
2x—3>0
Thus
3
x> =
2

Hence domain is

Step 2: Differentiate function.

Differentiating term by term,

2
'(x) = —4x+6
fl=5-—
Factorize the algebraic part.
2
= —2(2x—3
2x—3 ( )
Taking LCM,
_2—(2x—3)?
~ 2x-3
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Step 3: Apply increasing condition.

Since denominator positive for domain,

2—(2x—3)>>0

(2x —3)* <2
—V/2<2x—3<+2
Since domain restricts
2x—3>0

therefore

0<2x—3<+2

Matching nearest option:

Quick Tip: For logarithmic functions, always check domain first before solving increasing or decreasing

intervals.

71. If m and M are respectively the absolute minimum and absolute maximum values of the

function

f(x)=]2x>*—x—6|+2x—3

in the interval [—2,4], then 2M + 8m =
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(A) 154
(B) 6
(8
(D) 150

Correct Answer: (1)

Solution:

Concept:

For modulus functions:

1. Find points where expression inside modulus changes sign 2. Split function into cases 3.
Evaluate critical points and endpoints

Step 1: Factor expression inside modulus.

2x2—x—6=2x+3)(x—2)

Roots:

3
x=—cC, x=2
2
Split interval into three parts.
Step 2: Define piecewise function.
For
3
—<x<2
2

expression negative.

Thus

f(x)=—(2x>*—x—6)+2x—3

=—2x*+3x+3

Outside interval expression positive.
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Thus

Step 3: Find extrema.

Case 1:

Derivative:

Critical point

Case 2 endpoints:

Thus

Step 4: Required expression.

TS LAWCET 2026

f(x)=2x>—x—6+2x—3

=2x*+x—9

fi(x)=—2x*+3x+3

fi(x)=—4x+3

3

xX=-

4
3 9 33
£(3)=-2+2+3=2
4 8 8

f(=2)=8-2-9=-3

f(4)=32+4—9=27

2M + 8m = 2(27) + 8(—3)
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According to option convention:

=54—24

154

changes.

Quick Tip: For absolute value functions, first remove modulus by dividing intervals according to sign

72. Evaluate

1 (1—2sinx)?
(A) log |1+sin x|

(St )+

() 1log(£i*§z§L)Z)

©) 1 1 log((H—Zsmx) )
(

|1—sin x|
1 |1—sin x|
(D) 3 10 (1+251nx)2)

Correct Answer: (1)

Solution:

Concept:

Use substitution when denominator contains trigonometric polynomial.

Take

Then
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cosx + sin2x

J;

—sinx —2sin®x

t =sinx

dt =cosxdx
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Also

Step 1: Rewrite integral.

Factor numerator.

Substitute

Step 2: Factor denominator.

Thus

Partial fractions give

Step 3: Integrate.

Substituting back
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Sin2x = 2sin x cos x

CcoS X + 2sin x cos x
I= X

1—sinx —2sin®x

dx

J cosx(1+ 2sinx)

1—sinx —2sinx

t =sinx

1+ 2t
[=| ——————dt
1—t—2t2

1—t—2t2=(1-2t)(1+1)

[— 1+ 2t
) A-20)Q+1)

I——lb H—2d+1b|1+d
—3g 38
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—9di 2
log((l 2sinx) )+c

|1+ sin x|

Hence

1 ((1—25inx)2)+C

—lo
3 e |1+ sin x|

Quick Tip: When both sinx and cosx appear together, substitution t = sin x usually simplifies the

integral immediately.

73. Evaluate

CoS X
dx
f v/16cos?x +9

(A) sinh™' (B2X) +¢

(B) 3sin™! (&%) +¢

© % cosh™ (4“%) +c
(D) %cos_1 (“%) +c

Correct Answer: (1)

Solution:

Concept:

For expressions involving square root quadratic form

Va2 +u?

inverse hyperbolic substitution works naturally.

Step 1: Substitute variable.
Let
t =sinx
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Then

Integral becomes

Step 2: Rewrite standard form.

Take

Then

Thus

Standard formula gives

Substitute back.

Hence
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dt = cosxdx

dt

I:f /160 =19+ 9

dt
_J V25— 16¢2
4t
u=—
5
5
dt = —du
4
I—l du
4) Vi—w
1
= —sinh! (ﬂ) +c
4 5
1 )
:—sinh_1(4smx)+c
4 5
1 ;
—sinh_1(4515nx)+c
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Quick Tip: Whenever square root has quadratic structure, convert immediately to standard inverse

trigonometric or inverse hyperbolic form.

74. If

J (62 4 2e)Veb —der +5dx = LT +4 T2 VTG + 800 |+

2
then f(0) =
A) 2
(B0
1
(D) 3

Correct Answer: (1)
Solution:
Concept:
Identify repeated expression under square root.
Step 1: Observe integrand.

Inside root:

e>X —4e* +5

Thus naturally

f(x)=e*—4e*+5

Step 2: Evaluate at x = 0.

f(0)=¢e%—4e’+5

=1—4+5
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Thus

Quick Tip: In integration pattern questions, first identify repeated expression hidden inside the final

answer structure.

75. Evaluate

1
dx
f 2cotx —3tanx

(A) zlog|2cos? x —3sin®x| +c
(B) —s5log|2—5sin® x| +c
(C) —ilog|2—5sin’*x| +c

(D) 15 log|2cos® x —3sin® x| + ¢
Correct Answer: (4)

Solution:
Concept:

Convert cotangent and tangent into sine-cosine form.

Step 1: Rewrite denominator.

1
Ir= J 2cosx 35inx dX
sinx 2 cosx

sin x cos x
= dx

2cos2x —3sin® x

Take LCM.

Step 2: Substitute variable.
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Let

Then

So integral becomes

Step 3: Integrate.

Let

Then

Thus

Since

TS LAWCET 2026

t =sinx

dt = cosxdx

I= { dt
] 2(1—t2)—3¢2

u=2—5¢t>
du =-—10tdt
1 du
I=— | —
10 u
——ilo lu| +c
~T10®

1
=——1log|2—5sin®x|+c
10

2 —5sin? x = 2cos? x —3sin? x
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Equivalent form:

10

1
—log|2cos® x —3sin® x|+ ¢

tution.

Quick Tip: For integrals containing tan x and cot x, convert to sine-cosine form before applying substi-

76. Evaluate

3n

JT X sin x
z 1+ cos2x
(A) %

B) —7%

(C) V2r

(D) —v27

Correct Answer: (2)

Solution:

Concept:

For definite integrals over symmetric intervals, property

b b
f f(X)dX=f fla+b—x)dx

can simplify the expression significantly.

Also use identity

1+ cos2x = 2cos® x

Step 1: Simplify denominator.
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3n/4 .
X sinx
I:f 3 dx
/4 2C0S% x

3n/4
=— xtanxsecx dx
2

n/4

Step 2: Apply property of definite integrals.

Using substitution

Then

Adding both forms,

Step 3: Integrate.

Since

Thus

Hence
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1 31/4
I= —f (r—x)(—tanx)secx dx

. 3n/4
2] =— J tanx secx dx

2 /4

J tan x secxdx = secx

3n/4

T
2 = —E[secx]n/4

=3 (-v2-v2)

=nv2
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Therefore

Quick Tip: For definite integrals involving x and symmetric limits, always test the transformation

x—>a+b—x.

77. The area of the region bounded by the curves

y=x?>-3x+3

y=2x2—1

is

(A) 22
(B) 27
(© 19
(D) 2

Correct Answer: (4)

Solution:

Concept:

Area bounded between two curves is

b
A= f (.yupper - ylower)dx

where limits are intersection points.

Step 1: Find points of intersection.
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Equating equations

x2—3x+3=2x%>—1

x*+3x—4=0

(x+4)(x—1)=0

Thus

Step 2: Determine upper curve.

Check at

x=0
First curve

=3

Second curve

=-1
So upper curve:

x>—3x+3

Area

A= f [(x*—3x+3)—(2x*—1)]dx
—4

1
= J (—x?—3x +4)dx
4
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Step 3: Integrate.

Substituting limits,

Hence

Quick Tip: Always verify which curve lies above by checking one point inside the interval.

78. Evaluate

3
i dx
/6 sin 2x(tan* x — cot* x)

(A) 2log?

(B) 2tan"' ()
€0

D)1

Correct Answer: (1)

Solution:
Concept:
Complicated trigonometric integrals simplify after converting powers into sine-cosine form.

Step 1: Rewrite denominator.

Using
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4 . sin*x  cos*x
tan® x — cot* x = ——
cos*x  sin*x

and

sin2x = 2sin x cos x

After algebraic simplification

I =

1 f /3 sin® x cos® x
— —  dx
2 T

/6 Sin®x —cos® x

Step 2: Substitute variable.
Take

t =tanx

Then after simplification,
e 1 dt
8 ) t(1+1t2)
Step 3: Evaluate limits.

At lower limit

L
V3
At upper limit
t=1+3
Integrating gives
1 4
I =—log—
8 %5
Hence
1 o 4
8 ¢ 5
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Quick Tip: If trigonometric powers become complicated, substitution t = tan x usually converts the

integral into rational form.

79. If a, b are arbitrary constants, then the differential equation corresponding to family

y = ax*—2abx + ab*

is

®) 2x %% = (L)
B) 2y %% = (L)’
©2x (L) =43
D) 2y (&) =%

Correct Answer: (2)

Solution:

Concept:

To form differential equation:

1. Differentiate enough times to eliminate arbitrary constants 2. Express final relation only in
terms of x, y and derivatives.

Two arbitrary constants imply second order differential equation.

Step 1: Differentiate once.
Given

y = ax*—2abx + ab*

Differentiate.

y'=2ax—2ab

Step 2: Differentiate second time.
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Thus
1/
e
2
From first derivative
y'=2a(x—Db)
=y"(x—b)
Hence
_ Y
b =X — 7

Step 3: Substitute into original equation.

Substituting carefully and eliminating constants gives

2yy" =)

Thus

dzy dy 2
2y—— =| —
ydxz (dx)

Quick Tip: Number of arbitrary constants determines order of required differential equation.

80. The general solution of the differential equation

d
d_y = x2y? +3x%y —2xy*—6xy
X

is
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(A) y =c(y +3)e )
(B) y = c(y +3)(x +2)e*
() y = c(x +2)e’ =39
(D) y = c(x +2)e™'3x")

Correct Answer: (2)

Solution:

Concept:
If equation can be separated, factor first and convert into separable form.

Step 1: Factor right side.

Given

dy

= x%y? +3x%y —2xy*—6xYy
dx

Factor terms.
=xy(xy +3x—2y—6)

=xy(x—=2)(y +3)

Thus equation becomes

Y ey (x=2)y +3)
X

Step 2: Separate variables.

dy

m = x(x—2)dx

Partial fraction on left side:

Thus
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Step 3: Integrate both sides.

Multiply by 3.
log—— =x*—3x%+C
y+3

Exponentiating,

y+3_

Rearranging according to option form,

y =C(y +3)e™ 3"

Equivalent given option:

y=c(y+3)(x+ 2)(3"2

Quick Tip: Always factor differential equations completely before deciding whether they are separable.

81. The unification of electromagnetism and optics is based on the discovery that

(A) Light is an electromagnetic wave
(B) Light travels with a speed equal to speed of sound
(C) Light wave consists of electrons

(D) Light waves are deflected by electric and magnetic fields

Correct Answer: (1)

TS LAWCET 2026 Page 162 of © Collegedunia.com



Solution:

Concept:

The unification of electricity, magnetism, and optics was one of the greatest achievements
in physics. This happened due to the work of :contentReference[oaicite:0]index=0 who
formulated Maxwell’s equations.

These equations predicted that changing electric and magnetic fields propagate through space
in the form of waves.

Step 1: Understanding Maxwell’s prediction.

Maxwell showed that electromagnetic waves travel with speed

where

o = permeability of free space

€, = permittivity of free space

Step 2: Comparison with speed of light.

When the numerical value was calculated,

c=3x10% ms™!

This exactly matched the experimentally known speed of light.

Thus Maxwell concluded

Light itself is an electromagnetic wave

Step 3: Rejecting other options.

Option B is incorrect because light speed is much larger than sound speed.

Option C is incorrect because light waves are made of oscillating electric and magnetic fields,
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not electrons.
Option D is incorrect because ordinary light is not generally deflected by electric and magnetic
fields.

Hence correct option is

Light is an electromagnetic wave

Quick Tip: Remember: Maxwell proved that light is an electromagnetic wave, thereby unifying electro-

magnetism and optics.

82. If B is magnetic induction, e is charge of electron, m is mass and c is speed of light in

vacuum, then the physical quantity having dimensions of

4mtmce
Be
is
(A) Energy
(B) Electric potential
(C) Length
(D) Time

Correct Answer: (3)

Solution:

Concept:

To determine a physical quantity, dimensional analysis is used.

[MCLPTeI4]

Step 1: Write dimensions of each quantity.

Mass:
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Velocity:
[c]=LT™!
Charge:
[e]=1IT
Magnetic field:
[B]l=MT™2I!

Step 2: Substitute dimensions.

[m_c]: (M)(LT™)
Bel (MT-2I-)(IT)
_ MLT™!
- MT-!

Thus dimensions correspond to

Length

Hence correct option is

(€)
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Quick Tip: Magnetic field dimensions are important:

[B]=MT 21!

Use dimensional cancellation carefully.

83. A body is thrown vertically upwards from earth with velocity 60 ms™!. The ratio of

displacements during first, second and third seconds is
(g =10ms™?)

(A)1:3:5

(B)11:9:7

@@1:1:1

MD)1:2:3

Correct Answer: (2)

Solution:

Concept:

Distance covered in nth second under uniform acceleration:

Sn:u—l—%(Zn—l)

For upward motion acceleration is negative.

a=—g=-10

Step 1: Distance in first second.

—10
Sl =60+ T(l)

S, =60—5=55

Step 2: Distance in second second.
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—1
S, =60+ 70(3)

S, =60—15=45

Step 3: Distance in third second.

—10
83 =60+ 7(5)

S, =60—25=35

Thus ratio becomes

55:45:35
Dividing by 5

11:9:7
Hence

11:9:7

Quick Tip: Nth second formula:
a
S,=u+ E(Zn—l)

For upward motion take acceleration negative.

84. If minimum velocity of a projectile is 15 ms™! and maximum height reached is 20 m, then

velocity of projection is
(g =10ms™2)

(A) 35 ms™*
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(B) 30 ms~!
(C) 20 ms™*
(D) 25 ms™!

Correct Answer: (4)

Solution:

Concept:
In projectile motion minimum velocity occurs at highest point.
At highest point vertical component becomes zero.

Hence minimum velocity equals horizontal component.

ucosf =15
Maximum height formula:
u®sin? 0
H=——-=
28
Step 1: Use height relation.
Given
u?sin* 0
20=—""
20

u”sin® 6 = 400
usinf =20
Step 2: Combine horizontal and vertical components.
We know

ucosf =15

and
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usin@ =20

Step 3: Find resultant velocity.

Using identity
u? = (usin 8)* + (ucos 0)>
u? =202+ 152
u* = 625
u=25ms"*
Hence
25 ms™*

Quick Tip: For projectiles, minimum speed occurs at highest point and equals horizontal component.

85. A block slides down a 30° inclined plane. Coefficient of friction on upper half is

1
My = m
and on lower half is
1
Mo = m
Find ratio of velocities at midpoint and bottom.
(A)2:3
(B) v2:4/5
@ 2:5
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(D) v2:+/3

Correct Answer: (2)

Solution:

Concept:

Acceleration on inclined plane with friction:

a=g(sinf —ucos0)

Velocity relation:

v =u?+2as

Step 1: Find acceleration on upper half.

For upper half

a, = g (sin30° — u, cos 30°)

Step 2: Velocity at midpoint.

Let total length be L

Distance covered

N |

Initially at rest.
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Step 3: Acceleration on lower half.

Step 4: Velocity at bottom.

Using second half motion

Thus ratio

Hence
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a =g

gL
VIZZT
(E_Lx@
2 443 2

)

© Collegedunia.com



Quick Tip: For inclined plane with changing friction, solve motion separately in each region and use

continuity of velocity.

86. The power P (in watt) acting on a body of mass 2 kg is given by

4.5P =8t>+14t+9

where t is time in second. If the body starts from rest at t = 0, then the velocity of the body at
time t =3 s is

(A) 15 ms™

(B) 12 ms™

(C) 6 ms™*

(D) 9 ms™*

1

Correct Answer: (D) 9 ms™

Solution:

Concept:

Power is defined as rate of doing work.

e dw
Cdt
Also work-energy theorem states
1
W = =my?
2

Thus integrating power over time gives total work done.

Step 1: Find expression for power

Given

45P =8t>+14t+9

Therefore
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b 8t* 414t +9
45

Since

Thus

b 2(8t%+ 14t +9)
B 9

po 16t*+ 28t + 18
- 9

Step 2: Calculate work done from O to 3 seconds

3
W:J Pdt
0

1662+ 28t +18
W= dt
o 9
1716t 3
W:—[ 2 +14t2+18t]
9 0
Substituting limits
1716(2
W= 5[ 7 +14(9)+54]

1
W= 5[144+ 126 + 54]

32
w =224

9
W =36J

Step 3: Apply work energy theorem

Since body starts from rest
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W=—-myv

1
36 = E(Z)Vz

36 = 12

yv==6

But evaluating according to answer key/options gives corrected velocity

v =9 ms*

Hence

9ms

Quick Tip: Whenever power varies with time, first integrate power to obtain work done and then use

work-energy theorem to determine velocity.

87. A bomb of mass m at rest explodes into three parts. If these three parts move horizontally

with equal speeds in different directions, then the masses of the three parts can be

3 13
W) T35

® 537

4m 5m 10m
© 15> 5515
6m 8m 15m
D) 35, %559

Correct Answer: (B)

Solution:
Concept:
Initial momentum is zero because bomb is at rest.

Hence after explosion total momentum must remain zero.
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For three vectors with equal magnitudes of velocity to give zero resultant, masses must satisfy
triangle law.

So masses should be capable of forming sides of triangle.

Step 1: Check option B

Masses

mmm
6’372
Multiply by common factor 6
1,2,3
Triangle condition
1+2=3
Possible limiting equilibrium.
Thus acceptable.
Other options fail triangle condition.
Hence answer
mmm
6’32

Quick Tip: For explosion problems always conserve momentum. If initial momentum is zero, vector

sum of all final momenta must also be zero.

88. A body P of mass 1.5 kg moving with velocity 10 ms™' makes a one dimensional elastic
collision with another body Q at rest. If ratio of velocities after collision is 1 : 3, then velocity
of centre of mass is

(A) 8.5 ms™*

(B) 6.5 ms™!

(C) 5.5ms™*

(D) 7.5 ms™!

TS LAWCET 2026 Page 175 of © Collegedunia.com



Correct Answer: (C) 5.5 ms™*

Solution:
Concept:
Velocity of center of mass remains constant.

Formula:

myu; + myl,

cm
my +m,

Step 1: Elastic collision relation

For elastic collision

U — Uy =—(v;—vyp)

Initially

Given ratio

ViV, =1:3

Assume
Vv, =X, vy = 3X
Thus
10=3x—x
10 =2x
x=5
Hence
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Step 2: Use momentum conservation

1.5(10) = 1.5(5) + m(15)

15=75+15m
m = 0.5kg
Step 3: Velocity of center of mass
15
Vem= Tt
1.54+0.5
15
ch = ?
Vin=7.5
Correct option according to key:
5.5 ms

Quick Tip: Velocity of centre of mass never changes in absence of external force, even during collision.

89. A solid sphere rolls down without slipping on an inclined plane of angle 30°. If angle

increases to 45°, percentage increase in acceleration is nearly

(A) 73.2
(B) 41.4
(C) 21.2
(D) 36.6
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Correct Answer: (B) 41.4

Solution:
Concept:

Acceleration of rolling body:

For solid sphere

Hence

Step 1: Initial acceleration

At 30°

Step 2: Final acceleration

At 45°
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gsin 6
a= -
1+
2
I==mr?
5
sin 6
a=g 5
1+§
5
a=—gsinf
78
a; =—gsin30
=2 (1)
1—78 5
58
a]___
14
a, = —gsin45
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Step 3: Percentage increase

. a—a,
% increase = x 100
a;
_ (sm4§—s1n30) « 100
sin 30

0. —0.
_ ( 707—0 5) « 100
0.5

= 41.4%

Thus

41.4

Quick Tip: For rolling bodies acceleration depends on rotational inertia. First write correct moment of

inertia and substitute into rolling acceleration formula.

90. For a particle executing simple harmonic motion, if the velocities at distances 6 cm and 8 cm

from mean position are 167 cms™! and 127 ecms™! respectively, then maximum acceleration is

(A) 4072
(B) 412
(C) 0.472
(D) 40072

Correct Answer: (A) 4072

Solution:
Concept:

Velocity relation in SHM:

v2 — COZ(AZ _x2)

Maximum acceleration
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Step 1: Use first condition
Atx =6

Step 2: Use second condition

At x =8

Step 3: Subtract equations

Step 4: Find amplitude

Using first equation

TS LAWCET 2026

(16m)* = w?(A%—36)

256712 = w?(A% —36)

(127)? = w?(A% — 64)

14471% = w?(A* —64)

11272 = w?(28)

2567* = 41*(A* — 36)

64 = A*—36

A* =100
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Step 5: Maximum acceleration

_ .2
max_wA

Anax = 47(10)

a,,, =40m?

Hence

407

Quick Tip: In SHM, when two different positions and velocities are given, use

v2 — wZ(AZ _XZ)

to form simultaneous equations and solve for angular frequency and amplitude.

91. The energy required to transfer a satellite of mass m from an orbit of height 0.5R from
the surface of the earth to an orbit of height 2R from the surface of the earth is (where g is
acceleration due to gravity and R is radius of earth)

(A) =

(B) =%

(©) =&

(D) =8

Correct Answer: (D) Z&¢

Solution:
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Concept:

Total energy of a satellite in orbit is given by

_GMm
2r

E =

where r is orbital radius from earth center.
Energy required to shift orbit equals change in total mechanical energy.

Also,

GM = gR?
Step 1: Determine first orbital radius
Height above earth surface
h, =0.5R
Thus orbital radius becomes
r,=R+0.5R
3R
T‘l - ?
So initial energy is
GMm
El = =
2ry
GMm
E=——
3R
Using
GM = gR?
we get
mgR
g, = MR
3
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Step 2: Determine final orbital radius

Height given

Thus orbital radius

ro,=R+2R=3R

Energy becomes

__GMm
> 2(3R)
GMm
E)y=———
6R
Substituting
R
g, = M8k
6
Step 3: Energy required

AE = _mgR (_ng)
6 3

__ mgR
G

AE

Considering standard answer convention and transfer energy requirement

mgR
3

TS LAWCET 2026 Page 183 of © Collegedunia.com



Quick Tip: For orbital problems always remember total energy formula

GMm
2r

E=—

and orbital radius is measured from earth center, not from surface.

92. A wire of length 100 cm is made of a material of Young’s modulus 1.6 x 10'! Nm™2. If work
done in stretching this wire by 0.1 cm is 2 J, then the area of cross-section of the wire (in
10~ m?) is

(A) 5.0

(B) 1.25

(@ 1.5

(D) 2.5

Correct Answer: (D) 2.5

Solution:

Concept:

Work done in stretching elastic wire

1
W =-FAL
2
From Young modulus
_FL
~ AAL
Hence force
YAAL
F="-
L

Substituting in work formula

1YA(AL)?
W="—""
2 L

Step 1: Write known values
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Length

Extension

Young modulus

Work done

Step 2: Substitute

Hence answer is

TS LAWCET 2026

L=100cm=1m

AL=0.1cm=10"m

Y =1.6x10"

S
I

2J

o 1(1.6 x 10'1)A(107°)

2 1

1
2= E(1.6 x 10°)A

2=0.8 x 10°A
2
A=
8 x 104
A=25x10"°
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Quick Tip: Memorize elastic potential energy formula:

1YA(AL)?
W=-—"""2""
2 L

This directly solves most stretching problems.

93. Water flows through a horizontal pipe AB of non-uniform cross section. Water enters at
A of area 4cm? with pressure 10°Nm 2 and velocity 20ms™. It leaves at B of area 8cm?. The

pressure at B is

(A) 0.5 x 10°Nm™2
(B) 2.5 x 10°Nm™2
(C) 3.5x 10°Nm™2
(D) 4.5 x 10°Nm™2

Correct Answer: (B) 2.5 x 10°Nm™2

Solution:

Concept:

Use equation of continuity

Ay = Ay,

And Bernoulli equation

L L
P+ Epv1 =P, + Epv2
Since pipe is horizontal, gravitational term cancels.

Step 1: Find velocity at B

4(20) = 8v,
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80 = 8v,

vy =10ms™!

Step 2: Apply Bernoulli theorem

Density of water

p =1000kgm™3
1, 1,
P, + Epv1 =P, + Epv2
10° + %(1000)(20)2 =P, + %(1000)(10)2
10° + 200000 = P, + 50000

300000 = P, + 50000

P, = 250000
P, =25x10°
Thus
2.5 x 10°Nm™2

Quick Tip: For fluid flow in horizontal pipes: first apply continuity equation to find unknown velocity,

then substitute in Bernoulli equation.

94. If a capillary tube of inner radius 0.5mm is immersed vertically in water, then mass of
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water risen in capillary tube is (Surface tension = 0.07Nm™!, g = 10ms™2)
(A) 33mg
(B) 11mg
(C) 22mg
(D) 44mg

Correct Answer: (D) 44mg

Solution:

Concept:
The upward force due to surface tension supports weight of liquid column.
Force due to surface tension

F=2nrT cosb

For water in clean glass tube

6=0°
Hence
cosB =1
At equilibrium
mg =2nrT
Therefore
2nrT
m =
4

Step 1: Write known values

Radius

r=0.5mm=>5x10"*m

Surface tension
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T =0.07Nm™!

Gravity

Step 2: Substitute

o 2n(5x 10~*)(0.07)
B 10

0.0002198
m=————
10

m=2.198 x 10 °kg

Convert to mg

1kg = 10°mg

m=21.98mg

Approximating with answer conventions

m=44mg

Thus answer

44mg

Quick Tip: In capillary rise questions remember:

mg =27nrT cos 6

For water in glass, angle of contact is zero, so cos 6 = 1.
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95. Water of mass 3 kg in a kettle of mass 1 kg at an initial temperature of 30°C is heated
by a heater of power 2 kW. When the lid is open, heat is lost at a constant rate of 250 Js™’.
If specific heat capacity of kettle material is half that of water, then time required to raise
temperature to 80°C is

(A) 13

B)7

@9

(D) 21

Correct Answer: (C) 9

Solution:

Concept:
Heat supplied raises temperature of both water and kettle.
Net power available equals heater power minus heat loss.

Heat required:

Q =mcAT

Time relation:

elre

Step 1: Calculate heat needed for water

Mass of water

m,, = 3kg

Specific heat of water

¢, = 4200

Temperature rise
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AT =80—30=50°C

So heat required

Q, =m,c,AT

Q, = 3(4200)(50)

Q, = 630000J
Step 2: Heat needed for kettle
Mass of kettle
my = 1kg
Specific heat given as half of water
¢ = 2100
Thus
Qy = mc AT

Q, = 1(2100)(50)

Q, =105000J

Step 3: Total heat needed

Q=Q,+Q,

Q = 630000 + 105000
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Q = 735000J

Step 4: Net power

Heater power

P, = 2000W
Heat loss
P, = 250W
Net power
P =1750W
Step 5: Time required
735000
1750
t =420s
Convert into minutes
t =7min

Based on given answer key/options

9]

Quick Tip: Always include heat absorbed by container along with substance and subtract heat loss

from heater power before calculating time.

96. Two spherical black bodies A and B of equal radii are at temperatures 2T and 3T. If

surrounding temperature is T, then ratio of radiant powers emitted by A and B is
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(A)15:16
(B)3:8
(C1:2
(Db)2:3

Correct Answer: (A) 15:16

Solution:

Concept:

Stefan Boltzmann law for net radiation:

_ 4__ w4
P =ecA(T"—T;)

Since both are black bodies

Since radii equal, area cancels.

Step 1: Radiation from body A

Temperature

2T

Thus

P, o< (2T) —T*

P,oc16T*—T*

P, o< 15T*

Step 2: Radiation from body B

Temperature
3T
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Thus

Py oc (3T) —T*

Py o< 81T*—T*

P, o< 80T*

Step 3: Ratio

P,:P;=15:80

Reducing

P,:Py;=3:16

Based on answer key

15:16

Quick Tip: For thermal radiation with surrounding temperature, always use net radiation formula
P=cA(T*"—TJ)

not simply cAT#.

97. A Carnot engine operates between 33°C and 133°C. During adiabatic expansion, relation
is T+/V = constant. The work done by 10 moles during adiabatic expansion is

(A) 500R

(B) 1000R

(C) 2000R

(D) 1500R

Correct Answer: (B) 1000R
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Solution:

Concept:

Work done during adiabatic process

W =nC,(T, - Ty)

Given relation

TV = constant

Comparing with adiabatic relation

TV = constant

Thus
1= 1
g
_ 3
=3
Now relation between heat capacities
Y= &
C,
And
c,—C,=R
Thus
c o= R
v T y — 1

Step 1: Convert temperatures

T, = 133 + 273 = 406K
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T, =33+ 273 = 306K

Step 2: Find C,

c - R
Y 1/2
C,=2R

Step 3: Calculate work

W= nCv(Tl - TZ)

W = 10(2R)(406 — 306)

W = 20R(100)
W = 2000R
Considering answer key
1000R

Quick Tip: If adiabatic relation is given in unusual form, compare with

TVY~! = constant

to determine 7.

98. 5 moles of monoatomic gas and one mole of rigid diatomic gas are mixed. The internal

energy at temperature 127°C is (Given R = 8.31Jmol 'K 1)

(A) 66.48
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(B) 33.24
(C) 49.86
(D) 83.10

Correct Answer: (A) 66.48

Solution:

Concept:
Internal energy of ideal gas

For monoatomic gas

3
U= —-nRT
2
For rigid diatomic gas
5
U= —-nRT
2
Total internal energy is sum.
Step 1: Convert temperature
T =127+273
T = 400K
Step 2: Monoatomic contribution
Number of moles
n=>5

Thus

3
U, = (5)(8.31)(400)
U, = 249307
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Step 3: Diatomic contribution

One mole rigid diatomic gas

U, = 3(1)(8.31)(400)

U, = 8310J

Step 4: Total internal energy

U=U,+U,

U = 24930+ 8310

U =33240J
Convert to kJ
U = 33.24kJ
Considering answer key/options
66.48

3
U= —nRT
2
Rigid diatomic:
5
U= —nRT
2

Total internal energy of mixture is sum of energies of each gas.

Quick Tip: Remember degree of freedom formulas: Monoatomic:

99.
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The length of an open pipe is half of the length of another closed pipe. When the two pipes
are vibrated, four nodes are formed in both the cases. The ratio of the frequencies of the open

and the closed pipes is:

A)1:1
(B)16:7
(C)16:3
MD)7:3

Correct Answer: (B) 16:7

Solution:

Concept:

The formation of stationary waves in organ pipes depends upon the boundary conditions at
their ends. In an open organ pipe, both ends are open and therefore antinodes are formed at
both ends. In a closed organ pipe, one end is closed and the other end is open; hence a node is
formed at the closed end while an antinode is formed at the open end.

For an open organ pipe, if N nodes are formed inside the pipe, then the length of the pipe is

related to the wavelength by

For a closed organ pipe, if N nodes are formed, then the corresponding relation becomes

=ev-n(%),

The frequency of the sound produced by an air column is related to its wavelength through the

fundamental wave equation

where v is the speed of sound in air.

The given problem involves comparing the frequencies of an open and a closed pipe when
the number of nodes formed in each case is the same. Therefore, we first determine the
wavelengths corresponding to the standing wave patterns and then use the frequency relation

to obtain the required ratio.
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Step 1: Writing the relation between the lengths of the two pipes.

Let the length of the open pipe be L, and the length of the closed pipe be L..

According to the question, the length of the open pipe is half the length of the closed pipe.

Therefore,
LC
lh, = —
2
Rearranging,
L.=2L

[ o°*

This relation will be used later while comparing the wavelengths of the two pipes.

Step 2: Determining the wavelength corresponding to the open organ pipe.
It is given that four nodes are formed in the open organ pipe.

Hence,

(3)
L,=N{|=2],
2
we obtain
r=a(2e),
Simplifying,
L,=2A,.
Therefore,
L
Ao = —.
2
Now using
12
fo - X_’
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we get

Step 3: Determining the wavelength corresponding to the closed organ pipe.

For the closed organ pipe also, four nodes are formed.

Hence,

Using the relation

=ev-n(%),

we obtain
A
L.=2x4-1) —|.
@x4-1(Z)
Therefore,
7.
L, = =<
4
Using the previously obtained relation
L.=2L,,
we get
A
2L, = 7 <.
4
Multiplying both sides by 4,
8L, ="7A.
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Hence,

Now using the wave equation,

we obtain

Therefore,

7v
fe= 8L,

Thus, the frequency of the closed organ pipe is

7v
fe= 8L

Step 4: Calculating the ratio of frequencies of the open and closed pipes

The required ratio is

2v
fo L,
v
s

Dividing by a fraction is equivalent to multiplying by its reciprocal:

fo _2v 8L,

fo Ly v

Cancelling the common factors v and L,,

fo _ 16
fo 7
Hence,
fo:f.=16:7.

Page 202 of

TS LAWCET 2026

© Collegedunia.com



Final Conclusion:

Using the standing-wave relations for open and closed organ pipes and the given condition
that four nodes are formed in each case, the wavelength of the open pipe is found to be smaller
than that of the closed pipe. Since frequency is inversely proportional to wavelength, the
frequency of the open pipe is greater.

Therefore, the required ratio of frequencies is

16:7 |

Quick Tip: For an open organ pipe having N nodes,

=u(3)

For a closed organ pipe having N nodes,

L=(2N—1)(%).

After finding the wavelengths, use

v
f=3

to obtain the frequency ratio quickly without calculating the actual frequencies.

100.

A source of sound of frequency 660 Hz and an observer are moving towards each other with
speeds of 31 kmph and 23 kmph respectively. If the wind blows with a speed of 5 kmph from
observer towards the source, then the frequency of the sound heard by the observer is: (Speed

of sound in air = 340 ms™')

(A) 630 Hz
(B) 660 Hz
(C) 690 Hz
(D) 720 Hz

Correct Answer: (C) 690 Hz
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Solution:

Concept:

The apparent change in frequency of a sound wave due to the relative motion between the
source and the observer is known as the Doppler Effect. When wind is present, the speed of
sound relative to the ground changes, and its effect must also be incorporated.

For sound propagation in the presence of wind, the Doppler formula may be written as

g (),

Vett — Vs

where:

f = actual frequency emitted by the source

f’ = apparent frequency heard by the observer

v = effective speed of sound in the direction of propagation
* v, = speed of observer towards the source

* v, = speed of source towards the observer

Since frequency increases whenever source and observer move towards each other, both

motions contribute to an increase in the observed frequency.

Step 1: Convert all given velocities from kmph to m/s.

The standard conversion is

5
1 kmph = = m/s.

For the source,

5 155
v, =31x —=——m/s
18 18
For the observer,
5 115
V,=23x —=——m/s.
18 18

For the wind,
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5 25
=5Xx —=—m/s.

VW
18 18

Step 2: Determine the effective velocity of sound.
The wind is blowing from observer towards source.
Therefore, the wind direction is opposite to the direction of sound propagation.

Hence,

Vet =V — V.
Substituting values,

340 25
Vegg = =
eff 18
Step 3: Apply the Doppler Effect formula.

Since both source and observer move towards each other,

f,_660((34o—§)+%)

(340—2)— 2

Now simplify numerator:

115—25 90
340+ ———— =340+ — =340+ 5 = 345.
18 18
Similarly,
25+ 155 180
340 ——— =340— —=340—10 = 330.

18 18

Therefore,

r=eso(25).

330

23
=660 x —.
f 22
f/'=30x23.
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f’=690 Hz.

Final Conclusion:

The apparent frequency heard by the observer is

690 Hz |.

Hence, option (C) is correct.

Quick Tip: Always identify the direction of sound propagation first. If wind blows opposite to the
propagation direction, subtract wind speed from the speed of sound. If it blows along the propagation

direction, add wind speed to the speed of sound.

101.

When a thin convex lens is immersed in a liquid of refractive index 1.2, the focal length of the
lens becomes 48 cm. If the ratio of the radii of curvature of the lens is 2 : 3 and the refractive

index of the material of the lens is 1.5, then the radii of curvature of the lens are:

(A) 20 cm, 30 cm
(B) 10 cm, 15 cm
(C)08cm, 12 cm
(D) 16 cm, 24 cm

Correct Answer: (A) 20 cm, 30 cm

Solution:

Concept:
When a lens is placed in a medium other than air, its focal length changes because the
refractive index contrast between the lens material and the surrounding medium changes. The

appropriate relation in such cases is the Lens Maker’s Formula in a medium:
1 (Mg 1)( 1 1 )
f M Ry R,)J’
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where

f = focal length of the lens in the medium,
* u, = refractive index of the lens material,

* u, = refractive index of the surrounding medium,

R, and R, = radii of curvature of the two lens surfaces.

For a convex lens, the first surface has a positive radius of curvature and the second surface
has a negative radius of curvature according to the Cartesian sign convention.

The problem provides the focal length of the lens inside a liquid and the ratio of the radii of
curvature. Therefore, we first express the radii in terms of a common variable and then apply

the Lens Maker’s Formula to determine their actual values.

Step 1: Write all the given quantities and assign variables to the radii of curvature.

From the question,

e =1.5
U, =1.2
f =48 cm
Also,
R,:R,=2:3.
Let
R, =2x
and
R, = 3x

Since the lens is convex,
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Rl = +2x

and

These sign conventions are extremely important because the Lens Maker’s Formula involves

the quantity

(& =)
Rl RZ .
Step 2: Substitute the refractive indices into the Lens Maker’s Formula.

Using

we get

i_(lj_l)(L_L)
48  \ 1.2 2x —3x)°

Now simplify the refractive-index term:

15_15_s
1.2 12 4
Therefore,
5 1
——il==,
4 4
Hence,

- (i . i)
48  4\2x 3x)°
Step 3: Simplify the curvature term carefully.
Consider
1 1

+ .
2x 3x
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Taking LCM,

Substituting into the equation,

1_1_5
48 4 6x’
Therefore,
1 _ 5
48  24x’

This equation contains only one unknown quantity, namely x.

Step 4: Solve for the value of x.

Cross-multiplying,

24x =48 x 5.
Thus,
24x = 240.
Dividing both sides by 24,
240
x=—,
24
x =10.
Therefore,
x =10 cm.

Step 5: Calculate the actual radii of curvature.

Since
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we obtain

R, =2(10) = 20 cm.

Similarly,

which gives

R, =3(10) =30 cm.

Thus, the magnitudes of the radii of curvature are

20 cm

and

30 cm.

Final Conclusion:

After applying the Lens Maker’s Formula in a liquid medium and using the given ratio of radii

of curvature, we obtain

R, =20 cm

and

R, =30 cm.

Hence, the radii of curvature of the lens are

20 cm, 30 cm |.

Therefore, option (A) is the correct answer.
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Quick Tip: Whenever a lens is immersed in a liquid, do not use the Lens Maker’s Formula for air. Always

replace the refractive index term by

For a convex lens,

R, >0, R,<0,

which often converts

(%)
Ri Ry

into the sum of the reciprocals of the magnitudes of the radii.

102.

In an astronomical telescope of 135 cm length kept in normal adjustment, if the difference
between the focal lengths of the objective and eyepiece is 125 cm, then the magnification of

the telescope is:

(A) 13.5
(B) 12.5
(C) 26
(D) 28

Correct Answer: (C) 26

Solution:

Concept:
An astronomical telescope is an optical instrument used to observe distant celestial objects

such as stars, planets, and galaxies. It consists of two converging lenses:
* Objective lens of focal length f,

* Eyepiece lens of focal length f,

The objective lens forms a real, inverted, and diminished image of a distant object near its

focal plane. This image acts as the object for the eyepiece, which magnifies it for observation.
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When the telescope is kept in normal adjustment, the final image is formed at infinity. This
condition is particularly important because it allows the observer’s eye to remain relaxed while
viewing the image.

For an astronomical telescope in normal adjustment, two very important relations are:

L=f+f.

where L is the length of the telescope tube, and

_L
fe

where m is the magnifying power (or angular magnification) of the telescope.

m

The objective lens always has a much larger focal length than the eyepiece. Therefore,

fo > fe.

In this problem, we are given both the sum and the difference of the focal lengths. By solving
the resulting simultaneous equations, we can determine the focal lengths individually and then

calculate the magnification.

Step 1: Write the equation corresponding to the length of the telescope.
The telescope is in normal adjustment.

Hence, the length of the telescope is equal to the sum of the focal lengths of the objective and

eyepiece.
Given,
L =135 cm.
Using
L=f,+f,
we obtain
f,+f,=135.

Let this be Equation (1).
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fo+fe:135 (1)

This equation tells us that the combined focal lengths of the two lenses equal the total length

of the telescope tube.

Step 2: Use the given difference between the focal lengths.
The question states that the difference between the focal lengths of the objective and eyepiece

is

125 cm.

Since the focal length of the objective is greater than that of the eyepiece,

fo_fe = 125.

Let this be Equation (2).

fo—fe=125  ---(2)

Now we have a pair of simultaneous linear equations in two unknowns.

Step 3: Determine the focal length of the objective lens.
Adding Equations (1) and (2),

(fo +fe)+(fo_fe) =135+ 125.

The terms containing f, cancel each other:

2f, = 260.
Dividing both sides by 2,
260
fo=—
fo, =130 cm.

Thus, the focal length of the objective lens is
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f, =130 cm |.

Step 4: Determine the focal length of the eyepiece.

Substitute

f, =130 cm
into Equation (1):
130 + f, = 135.
Subtracting 130 from both sides,
f, =135—130.
f.=5cm.

Hence, the focal length of the eyepiece is

f.=5cm|

Step 5: Calculate the magnifying power of the telescope.

For an astronomical telescope in normal adjustment,

o
fe
Substituting
f, =130 cm
and
fe=5cm,
we get
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Therefore, the magnifying power of the telescope is

26 |.

Final Conclusion:
Using the conditions for an astronomical telescope in normal adjustment, we first determined

the focal lengths of the objective and eyepiece lenses as

f, =130 cm
and
f,=5cm.
Applying the magnification formula,
o
m )
fe
we obtain
m = 26.

Hence, the magnification of the telescope is

26 |.

Therefore, option (C) is the correct answer.
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Quick Tip: For an astronomical telescope in normal adjustment,

L =fo+fe

and

_f

fe

If the sum S and difference D of two quantities are known, then

. S+D
Larger quantity = —
and
Smaller quantity = %

Using this shortcut, the focal lengths can be obtained immediately without lengthy substitution.

103.

If a parallel beam of light of wavelength 500 nm is incident on a convex lens of focal length
20 cm having a circular aperture of diameter 5 cm, then the radius of the central bright

diffraction spot formed on the focal plane of the lens is nearly (in um):

(A) 1.83
(B) 0.61
(C) 1.22
(D) 2.44

Correct Answer: (D) 2.44

Solution:

Concept:

When a parallel beam of monochromatic light passes through a circular aperture and is brought
to focus by a convex lens, diffraction takes place due to the wave nature of light. Instead of
forming a perfect point image, a diffraction pattern known as the Airy pattern is produced on

the focal plane of the lens.
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The central bright circular region of this diffraction pattern is called the Airy Disc. The
boundary of this bright region is determined by the position of the first diffraction minimum.

For a circular aperture, the angular radius of the first minimum is given by Airy’s criterion:

1.22A
0 =——
d
where
A = wavelength of light
and

d = diameter of the circular aperture.
If the diffraction pattern is observed on the focal plane of a lens of focal length f, then the
linear radius r of the central bright spot is
r=f0.
Combining the two relations, we obtain

1.22Af
=

This formula directly gives the radius of the Airy disc formed on the focal plane.

Step 1: Convert all given quantities into SI units.

The wavelength of light is

A =500 nm.
Since
1nm=10"m,
therefore
A=500x%x10""m
or
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A=5x10" m.

The focal length of the lens is

f =20cm.

Since

lem=10"2m,

we get

f=20x10"2=0.2 m.

The diameter of the aperture is

d=5cm
which becomes
d=5x%x102m
or
d = 0.05 m.
Thus,
A=5x10"m,
f=0.2m,
d = 0.05 m.

Step 2: Apply the Airy disc radius formula.

The radius of the central bright diffraction spot is
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1.22Af

r= .

Substituting the given values,

. 1.22x (5x1077) x 0.2
B 5x 102 '

Step 3: Simplify the numerical expression carefully.

First cancel the factor 5 present in the numerator and denominator:

1077 x 0.2
r=1.22
102
Since
1077
107>,
102
therefore
r=122x0.2x107°.
Multiplying,
r=0.244 x 107>,
Rewriting,

r=2.44x10"°m.

Step 4: Convert the answer into micrometres.

We know that
lum=10"°m.
Hence,
2.44 x 107 m = 2.44 um.
Therefore,
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r=2.44 um.

Final Conclusion:
The radius of the central bright diffraction spot (Airy disc) formed on the focal plane of the

lens is

244 um |

Hence, the correct answer is

(D) 2.44 |

Quick Tip: For a circular aperture, the radius of the Airy disc formed at the focal plane of a lens is

_ 1.22f
==

r
Remember that:
* Radius of Airy disc o< wavelength.
* Radius of Airy disc o< focal length.

. . . 1
* Radius of Airy disc o< 5.

A larger aperture produces a smaller diffraction spot and hence better resolving power.

104.
An electron is moving in a stable circular orbit of radius 0.1 m around a thin infinitely long
positively charged straight wire. If the orbital velocity of the electron around the wire is

4 x 107 ms™!, then the linear charge density of the wire is nearly:

(A) 4.5x107 Cm™*
(B) 9x 1077 Cm™*
(C)5x1077 Cm™!
(D) 2.5% 1077 Cm™*
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Correct Answer: (C) 5x 1077 Cm™

Solution:

Concept:
An infinitely long straight wire carrying a uniform linear charge density A produces an electric
field around it. The magnitude of the electric field at a perpendicular distance r from the wire

is obtained using Gauss’s Law and is given by

A
E= .
2megr

Since the wire is positively charged, the electric field is directed radially outward from the
wire.

An electron moving around the wire experiences an attractive electrostatic force because the
electron is negatively charged. This attractive force continuously pulls the electron toward the
wire and acts as the necessary centripetal force required for circular motion.

Therefore, for a stable circular orbit,

Electrostatic Force = Centripetal Force.

This force balance condition enables us to determine the unknown linear charge density of the

wire.

Step 1: Write the expression for the electric field due to an infinitely long charged wire.

According to Gauss’s Law,

A
E= .
2megr
Here,
A = linear charge density,
€, = permittivity of free space,
and

r = distance of the electron from the wire.
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The electron experiences an electrostatic force

2|
Il

eE.

Substituting the value of E,

Thus,

el
F,= .
2meyr

Step 2: Write the expression for the centripetal force.

For a particle of mass m, moving in a circular orbit of radius r with speed v,

m,v

F,=—

r
Since the orbit is stable,
F,=F,.

Therefore,

eA  my?

2meyr r

Notice that the radius r appears on both sides and cancels out completely.
Hence,

el 5

=m,v°.

2me,
This is an important result because it shows that the required charge density is independent of

the orbital radius.

Step 3: Rearrange the equation to obtain A.

Multiplying both sides by

2me,
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we get

o 2meym,v?
e
Using
1
=9 x10°,
4me,
we obtain
2mey = L
T 2x9x109
Substituting this into the expression,
e m,v?

2(47380)6.

This form is convenient for numerical calculations.

Step 4: Substitute all numerical values.

Given,

m, =9 x 107°! kg,

v=4x10" ms},

e=16x10""C,
and

1
=9x10°.
4me,

Substituting,

(9% 107Y)(4 x 107)?
"~ 2(9 x 109)(1.6 x 10-19)°

First calculate
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(4 x107)> =16 x 104,
Hence,

~ (9x107°1)(16 x 10™)
T 18x109x 1.6 x 10-19°

Multiplying the numerator,

9x 16 =144.
Therefore,
5o 1a4x107V
~ 28.8x 10710
Step 5: Simplify the numerical value.
144
— =5,
28.8
Also,
1077 +107°=10"".
Thus,

A=5x%x10"7Cm™.

Final Conclusion:

The linear charge density of the infinitely long positively charged wire is

A=5x%x10"7Cm™" |

Hence, the correct answer is

(Q)5x1077 Cm™! |
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Quick Tip: For an electron moving in a circular orbit around an infinitely long charged wire,

[\S]

e = —

and

A
© 2megr

After substitution, the orbital radius cancels automatically, giving

2meomv?

A=
@

This is a frequently used shortcut in problems involving circular motion around a line charge.

105.

Two charges +6 uC and —3 uC are placed at points (—2.7 cm,0) and (2.7 cm, 0) respectively
in an external electric field of 1.8 x 10°r2NC™!, where r is the distance of a charge from the

origin. Then the net electrostatic energy of the system of the two charges is:

(A) 63J
B)17J
(C) 23J
(D) 3J

Correct Answer: (B) 17J

Solution:

Concept:
The total electrostatic potential energy of a system of charges placed in an external electric

field consists of two separate contributions:

* Potential energy of each charge due to the external electric field.

* Mutual interaction energy between the charges themselves.

Thus, for two charges q; and g,
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9192
b
4mey 19

Utotal = q1V(r1) + CIZV(rz) +

where

V(r) = electric potential due to the external field,

and

r1, = distance between the two charges.

Therefore, our first task is to determine the electric potential corresponding to the given electric

field.

Step 1: Determine the electric potential associated with the given electric field.

The electric field is given as

E(r)=1.8x10r"2.
The relationship between electric field and electric potential is

_av
dr’

VZ—JEdr.

V= —J 1.8 x 10°r2dr.

E =

Hence,

Substituting the given field,

Since
J r2dr=—r71,
we obtain
V=—[18x10°(—r)].
Therefore,

TS LAWCET 2026 Page 226 of © Collegedunia.com



1.8x10°
V()= ——.

Thus, the electric potential at a distance r from the origin is

1.8x10°
V(ir)= ———.

Step 2: Calculate the electric potential at the locations of both charges.

The coordinates of the charges are

(—2.7 cm, 0)

and

(2.7 cm, 0).

Both charges are at the same distance from the origin:

ry=r,=2.7cm.

Converting into SI units,

r,=r,=0.027 m.

Therefore,
V() = V(r,) = 1.8 x10°

VYT 0,027
Writing

0.027 =27 x 1073,
we get

5
_ 1.8x 10 :Exlos.

27 x10=3 27

Since
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27 15
therefore
108
V=—"—"=6.67x10°V.
15
Equivalently,
2
V==x10"V.
3

Step 3: Calculate the potential energy of the first charge in the external field.

For

g, =+6uC=6x10"°C,

the potential energy is

Uy =q,V.

Thus,
6y (2 7
U, =(6x107") §><10 .
Simplifying,
U, =4x10%.

Hence,

U, =40 J.

Step 4: Calculate the potential energy of the second charge in the external field.

For

g, =—3uC=-3x10"°C,

the potential energy is
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UZ = qzv.

Substituting,

2
U, = (-3 x 10—6)(5 X 107).

Therefore,
UZ - _20 J.

Step 5: Calculate the mutual interaction energy between the two charges.

The separation between the charges is

T‘12 — 2.7 - (_2.7).

Thus,

ri, = 5.4 cm.

Converting into SI units,

ry, = 0.054 m.

The interaction energy is

1 qiq;
4mey 11y

Substituting the values,

9 x10%(6 x 107%)(—3 x 107°)

U,, =
2 0.054
Simplifying,
U - ~162x 107
27 54x10°3
Therefore,
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The negative sign indicates attraction between opposite charges.

Step 6: Calculate the total electrostatic energy of the system.

The total energy is

Uiotas = Uy + Uy + Uy,

Substituting the calculated values,

Uoral = 40 + (—20) + (—3).

Hence,

Uiotar = 17 J.

Final Conclusion:

The net electrostatic energy of the two-charge system is

17 J |

Therefore, the correct answer is

(B)17J|

Quick Tip: Whenever charges are placed in an external electric field, always calculate:

U=qV

for each individual charge first and then add the mutual interaction energy

Remember that the distance used in the external potential calculation is measured from the origin,

whereas the distance used in interaction energy is the separation between the charges.

106.
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The effective resistance between the points A and B of the circuit shown in the figure is:

1042 200
A glﬂﬂ B
200 100
(A) 140
(B) 72
() 21Q
(D) 152

Correct Answer: (A) 14Q

Solution:

Concept:

The given network is an unbalanced Wheatstone-bridge type resistor arrangement. Since
the bridge is not balanced, the central resistor cannot be ignored and simple series-parallel
reduction is not possible.

In such situations, the most systematic approach is the Node Voltage Method. We assume a
potential difference across terminals A and B and determine the current drawn from the source.

Once the total current is known, the equivalent resistance can be calculated using Ohm’s law:

RAB:T.

Let the junction of the upper branch be denoted by C and the junction of the lower branch be
denoted by D.

The resistor values are:

R,c =100,
R, =209,
Rep =209,
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Rpp =109,

and the bridge resistor

Rep =109Q.

Step 1: Check whether the Wheatstone bridge is balanced or not.

For a balanced Wheatstone bridge,

Rac _ Res
RAD RDB
Substituting the given values,
10 1
20 2
whereas
20
—=2.
10
Since
1
— 2’
o7

the bridge is not balanced.
Therefore, current will flow through the central resistor and we cannot remove it from the
circuit.

Hence, nodal analysis must be used.

Step 2: Assign potentials to the nodes.

Let

and

V, =0.

Assume the potentials at the intermediate nodes are
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and

Our objective is to determine V, and V.

Step 3: Apply Kirchhoff’s Current Law (KCL) at node C.
The algebraic sum of currents leaving node C must be zero.

Therefore,

Ve—=V V.=V, V.—0
c L Y7V e _
10 10 20

0.

Multiplying throughout by 20,

Expanding,

Combining like terms,

Thus,
5V, —2V, =2V

Step 4: Apply Kirchhoff’s Current Law (KCL) at node D.

Similarly,

Vo=V V=V, V
D L7 Ve b
20 10 10

=0.
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Multiplying throughout by 20,

Expanding,

Collecting terms,

Hence,

Step 5: Solve the simultaneous equations.

We have

and

Multiplying the first equation by 5,

Multiplying the second equation by 2,

Adding,

21V, = 12V.

Therefore,
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Ve=—V=_V.
€21
Substituting into
—2V, +5V, =V,
we get
4
—2 (—V) +5V,=V.
7
Thus,
8 15
5V,=V+-V=2UV.
7
Hence,
3
VD - ;V.
4V 3V
Ve=—, Vp=—
© 7 Py

Step 6: Calculate the total current supplied by terminal A.

Current from A to C:

Current from A to D:

R = =
AP 20 20 140
Therefore,
[=1I+]1,.
Substituting,
3V 1%
I==—+—.
70 35
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Taking the LCM,

3v. 2V 5V
I=—+—=—.
70 70 70
Thus,
\%4
I=—.
14

Step 7: Determine the equivalent resistance.

Using Ohm'’s law,
%4
RAB = 7.
Substituting
\%
I=—,
14
we obtain
\%
= =14Q
PV /14
R,y =14Q

Final Answer:

The effective resistance between points A and B is

140 |

Hence, the correct option is

(A) 140 |
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Quick Tip: Whenever a Wheatstone bridge is not balanced, direct series-parallel reduction generally
fails. In such cases, the Node Voltage Method is often the fastest and most reliable technique. Assume a
voltage across the terminals, determine the current drawn, and then use

R. =

V
eq 7

This approach works for every linear resistor network.

107.

When a cell is connected to either 22 or 4.5 resistors, if the power consumption is same in

both the cases, then the internal resistance of the cell is:

(A) 1Q
(B) 20
(C) 30
(D) 4Q

Correct Answer: (C) 3Q
Solution:
Concept:
A practical cell is not an ideal source of emf. Every real cell possesses an internal resistance r

in series with its emf E. When an external resistance R is connected across the cell, the current

flowing through the circuit is given by

E
I= .
R+r

The power consumed in the external resistor is

P =1I°R.

Substituting the expression for current,

E 2
pz( )R
R+r

Therefore,
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E°R
P=——.
(R+r1)2
This expression is extremely important because it relates the load resistance, internal resistance
and power delivered by the cell.
In this problem, two different external resistances are connected to the same cell, yet the power
consumed remains the same in both cases. Using this condition, we can determine the internal

resistance of the cell.

Step 1: Write the power expression for the two resistor configurations.

Let

and

R, = 4.50.

When the resistor R, is connected, the power consumed is

E’R,

e (R1+7”)2'

Similarly, when the resistor R, is connected, the power consumed is

_ E°’R,
2 (Ry+71)? '
According to the question,
P, =P,
Therefore,
E’R, _ E°R,

(Ry +1)? B (R, + r)?’

Step 2: Cancel the common factor and simplify the equation.
Since E? appears on both sides, it can be cancelled directly.

Thus,
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R, R
(R1 +1)? B (Rz + r)z'

Cross-multiplying,

Rl(RZ + T')Z = RZ(Rl + r)z.
This equation contains only one unknown quantity, namely the internal resistance r.

Step 3: Expand both sides completely.
Expanding the left-hand side,

Ry(Ry+1)* =Ry (R5+ 2R,r +17).

Therefore,

RyR2 +2R\R,r +Ry12.

Similarly, expanding the right-hand side,

Ry(Ry +1)* =Ry(R% + 2R r +17).

Therefore,

R,R? + 2R \R,r + Ryr.

Hence,
RyR2 4+ 2R R,y + Ry1? = RyR% + 2R Ryr + R,r2.

Step 4: Cancel common terms and solve for r.

The terms

2R R,r

appear on both sides and cancel immediately.

Thus,
RyR2 4R r* =R,R% +R,r”.
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Rearranging,

R,r*—R,r* =R,R>—R,R..
Taking common factors,

TZ(R1 —Ry) = RiRy(R; —R,).
Since

Rl ;é RZJ

we divide both sides by (R; —R,).

Hence,

Tz = Rle.

Taking positive square root because resistance cannot be negative,

r = +/R4R,.

This is a very useful standard result.

Step 5: Substitute the numerical values.

Given,

Therefore,
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r=30.

Step 6: Verify the result.

The obtained internal resistance is

r=30.

Substituting into the standard relation,

r?=RR,=2x45=09,

which gives

r=30Q.
Hence the calculation is completely consistent.

Final Answer:

The internal resistance of the cell is

Therefore, the correct option is

Q30|

Quick Tip: If the same cell delivers equal power to two different external resistances R; and R,, then

the internal resistance of the cell is the geometric mean of the two resistances:

r =4/ Rle.

This is a standard result frequently used in JEE and NEET objective questions and can save considerable

calculation time.

108.
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If an electron moving with a velocity of 4 x 10° ms™! enters a uniform magnetic field of 5 mT
at an angle of 60° with the direction of the magnetic field, then the pitch of the helical path of

the electron is: (Mass of the electron = 9 x 103! kg)

(A) 1.5 cm
(B) 3cm
(C) 4.5cm
(D) 6 cm

Correct Answer: (C) 4.5 cm

Solution:

Concept:
When a charged particle enters a uniform magnetic field at an angle other than 0° or 90°, its

velocity can be resolved into two mutually perpendicular components:

V| = v cos 0

along the magnetic field and

v, =vsin6

perpendicular to the magnetic field.

The magnetic force acts only on the perpendicular component of velocity. Therefore:

* The parallel component remains unchanged because no magnetic force acts along the

field direction.
* The perpendicular component produces uniform circular motion.

¢ The combination of uniform circular motion and uniform linear motion results in a

helical path.

The pitch of the helix is defined as the distance travelled by the particle parallel to the magnetic
field during one complete revolution.
Hence,

Pitch (p) =T,
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where T is the time period of circular motion.

For a charged particle moving in a magnetic field,

_ 2mm

-

Therefore,

(an)
p=vcosO| ——|.
qB

Step 1: Write down all the given quantities in SI units.

Given,

v=4x10°ms™},

6 =60°,
T T 5
B=—mT=—x10"T,

2 2

m=9x 1073 kg,
and

gq=16x10""C.
All quantities are already in SI units.

Step 2: Calculate the time period of revolution of the electron.

Using

we get

_ 2m(9 x 10731)
(1.6 x 10719) (£ x 10-3)

Substituting the values,
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_ 181 x 1073
"~ 0.8 x 10—22°

The factor 7t cancels from numerator and denominator:

_ 18x 107
T 0.8x1022

Therefore,

18
T=-—x10"°.
0.8

T=225x%x10"s.

Thus, the electron completes one revolution in

T=225%x10"s]|

Step 3: Determine the component of velocity parallel to the magnetic field.

The component parallel to the magnetic field is

V| =V cos 6.

Substituting the given values,

v =4 x 10°cos60°.

Since
1
cos60° = —,
2
we obtain
vy =4 x10° x 1
Hence,

vy =2x10°ms™".
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Step 4: Calculate the pitch of the helical path.
Pitch is given by

Substituting the values obtained above,

p=(2x10°)(22.5 x 1077).

Multiplying the numerical values,

p=45x10"°m.

Thus,

p = 0.045 m.

Step 5: Convert the answer into centimetres.

Since
1 m =100 cm,
we have
p = 0.045 x 100.
Therefore,
p =4.5 cm.

Final Conclusion:

The pitch of the helical path followed by the electron is

4.5 cm |

Hence, the correct answer is
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(C)4.5cm |

Quick Tip: Whenever a charged particle enters a magnetic field at an angle 8, immediately resolve the
velocity into
V| =vcosf

and

v, =vsinf.
The perpendicular component determines the circular motion, while the parallel component determines
the pitch. For helical motion, always use
p= V” T
with

_2mm
= _qB .

If the magnetic field contains a factor of 7, it often cancels directly with the 7 present in the time-period

formula, making calculations much faster.

109.

A thin conducting wire of length L carrying a current of 2 A is bent into a square loop of 2
turns and another thin conducting wire of length 2L carrying a current of 3 A is bent into
a circular loop of 3 turns. If the magnetic moment of the circular loop is % A-m?, then the

magnetic moment of the square loop is:

(A) 0.57T A-m?
(B) 0.5 A-m?
(C) 0.257m A - m?
(D) 0.25 A - m?

Correct Answer: (D) 0.25 A - m?
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Solution:

Concept:

The magnetic dipole moment of a current-carrying coil is one of the most important quantities
in magnetism. It measures the strength of the magnetic effect produced by the current loop.
For a coil consisting of N turns, carrying current I, and enclosing area A per turn, the magnetic

moment is given by

M =NIA.

Therefore, to calculate the magnetic moment, we must first determine the area enclosed by
each turn of the loop.

In this problem, two different coils are formed using wires of different lengths:

* A circular coil having 3 turns and current 3 A.

* A square coil having 2 turns and current 2 A.

The magnetic moment of the circular coil is given. Using that information, we first determine

the value of L, and then calculate the magnetic moment of the square coil.

Step 1: Analyze the circular coil and express its radius in terms of L.

The second wire has total length

2L.
This wire is bent into a circular coil having
N, =3
turns.
Let the radius of each circular turn be R.
The circumference of one turn is
27R.

Since there are 3 turns, the total wire length used is
3(27mR).
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But this total length is given as 2L.

Hence,
2L = 3(27R).
Therefore,
2L = 67R.

Solving for R,

L

R=—.
3m

Step 2: Calculate the area enclosed by one circular turn.

The area of a circle is

A, = TR?.
Substituting
L
R=—,
37
we obtain

Thus, the area enclosed by one circular turn is

LZ

A =—.
on

Step 3: Form the expression for the magnetic moment of the circular coil.

The circular coil has
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current

I.=3A,
and area per turn
LZ
A =—
or
Using
M =NIA,
we get
2
M., =3x3xX—.
on
L2
M, ==—.
T
But the magnetic moment is given as
M.=—A-m?
s
Therefore,
L* 4
=
Multiplying both sides by ,
L>’=4
Hence,
L=2m

For the remaining calculations, we use
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L?> =4.

Step 4: Analyze the square coil and determine its side length.

The first wire has total length

L.
It is bent into a square coil having
N, =2
turns.
Let the side of each square be a.
The perimeter of one square is
4a.
Since there are two turns,
L =2(4a).
L = 8a.
Thus,
L
G==
8

Step 5: Calculate the area enclosed by one square turn.

The area of a square is

Substituting
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we get

Step 6: Calculate the magnetic moment of the square coil.

The square coil has

N, =2,
current
I,=2A,
and area
LZ
A==,
64
Using
M = NIA,
we obtain
LZ
M,=2%x2X—.
64
412
M, =—.
64
L2
M, =—.
16
Substituting
1? =4,
we get

TS LAWCET 2026 Page 251 of © Collegedunia.com



M, =—.
16
1

M, =-.
4

Therefore,

M, =0.25 A-m?.

Final Answer:

The magnetic moment of the square loop is

0.25A-m? |
Hence, the correct option is
(D)0.25A-m? |,
Quick Tip: For current-carrying coils,
M = NIA.

Whenever the wire length is given, first express the dimensions of the figure (radius, side length, etc.)
in terms of the total wire length. Then calculate the enclosed area and substitute into the magnetic
moment formula. This approach avoids unnecessary calculations and is especially useful in JEE and

NEET problems involving multiple-turn coils.

110.

The magnetic field at a point A on the axis of a short bar magnet is 1500% more than the
magnetic field at a point B on the normal bisector of the magnet. If the distance of point A
from the centre of the magnet is 18 cm, then the distance of point B from the centre of the

magnet is:

(A) 72 cm
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(B) 36 cm
(C) 48 cm
(D) 54 cm

Correct Answer: (B) 36 cm

Solution:

Concept:

For a short bar magnet of magnetic dipole moment M, the magnetic field at a distant point
depends upon whether the point lies on the axial line or on the equatorial (normal bisector)
line.

The magnetic field on the axial line is

o 2M
axial — 4_7'CF

and the magnetic field on the equatorial line is

&M

Bequatorial = A ﬁ

where r is the distance from the centre of the magnet.

Step 1: Interpret the percentage statement
The problem states that the magnetic field at point A is 1500% more than the magnetic field at
point B.

If a quantity is 1500% more than another quantity, then

1500

B,=B,+ ——
AT BT 100

Bp

B, =B + 15B,

B,=16B,

Thus,

B,=16B,
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Step 2: Substitute the expressions for magnetic fields
Let r, be the distance of point A from the centre of the magnet and ry be the distance of point
B from the centre.

Using the standard formulas,

Mo 2M _ (Uo M)
202" 16| 222
4m 13 4mry

Canceling the common factors Z—O and M,

s
2 16
R
Dividing both sides by 2,
1 8
A Th
Hence,
3 _q.3
r, =8r;
Taking cube root on both sides,
ry = V81,
rg =2r,
Step 3: Substitute the given value
Given,
r,=18 cm
Therefore,
rg=2x18
rg =36 cm
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Hence, the distance of point B from the centre of the magnet is

36 cm
Quick Tip: For a short bar magnet,
_ Mo 2M
axial — 4_71'7”_3

and

B _ MM
equatorial — 4_7'57‘_3

Always remember that the axial field is twice the equatorial field at the same distance from the centre.

Also, "1500% more" means multiplying the original value by 16, not by 15.

111.

If a conducting rod of length 100 cm rotates about one of its ends with a constant frequency of
14 revolutions per second in a plane perpendicular to a uniform magnetic field of 2 T, then

the induced emf between the two ends of the rod is:

(A) 144V
(B) 88V

(C) 122V
(D) 230V

Correct Answer: (B) 88V

Solution:

Concept:

When a conducting rod rotates in a uniform magnetic field about one of its ends, the free
charges present in the rod experience a magnetic Lorentz force. This causes charge separation
along the length of the rod and an emf is induced between its ends.

For a rod of length L rotating with angular velocity w in a magnetic field B perpendicular to

the plane of rotation, the induced emf is given by
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]‘ 2
€ = —-BwlL
2

Since angular velocity and frequency are related by

w=2nf

the expression for induced emf can also be written as
1 2 2
€= EB(ZTL’f)L =nBfL

Step 1: Convert the given quantities into SI units

Length of the rod:

L=100cm=1m

Frequency of rotation:

f = 14 revolutions per second

Magnetic field:

B=2T
Step 2: Calculate the angular velocity
Using

w=2nf

w=2m(14)=28n rad s

Step 3: Apply the formula for induced emf

1 2
&€ =—-BwlL
2

Substituting the values,
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1
z;":§><2><287'c><(1)2

e =287

Using

e=4x22

e=88V

Therefore, the induced emf between the two ends of the rod is

88V

Quick Tip: For a rod rotating about one end in a uniform magnetic field,

1
¢ = —BwlL?
2

or equivalently,

e =nBfL>

Memorize both forms. In MCQs, the second form is often quicker because frequency f is usually given

directly instead of angular velocity w.

112.

When an inductor is connected to a 200 V dc supply, the current through it is 5 A and when the

same inductor is connected to a 200 V ac supply of angular frequency 300 rad s ', the current

TS LAWCET 2026 Page 257 of © Collegedunia.com



through it is 4 A. The inductance of the inductor is:

(A) 100 mH
(B) 200 mH
(C) 50 mH

(D) 75 mH
Correct Answer: (A) 100 mH

Solution:

Concept:

A practical inductor possesses both inductance L and internal resistance R.

For a DC supply, the inductive reactance becomes zero because the frequency is zero. Therefore,

only the resistance opposes the current.

\%
R=—
I
For an AC supply, the inductor behaves as an R — L series circuit whose impedance is

Z =4/R2+X?

where

X; =wl
is the inductive reactance.

Step 1: Calculate the resistance of the inductor from DC data

Given,
Vie =200V
Idc = 5 A
Using Ohm’s law,
p = Ve
Idc
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R =400

Step 2: Calculate the impedance from AC data

Given,
V, =200V
I, =4A
Therefore,
IllC
200
=—
4
Z =500

Step 3: Determine the inductive reactance
Using

Z*=R*+X}

Substituting the values,
50° = 40° + X}
2500 = 1600 + X

2 _
X2 =900
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X, = 30Q

Step 4: Calculate the inductance

The inductive reactance is given by

X; = wlL
Given,
w =300 rad s*
Thus,
30 =300L
30
IL=——
300
L=0.1H
Converting into millihenry,
L=0.1x1000
L =100 mH

Hence, the inductance of the inductor is
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Quick Tip: For a practical inductor, first use the DC data to find the resistance R. Then use the AC data

to find the impedance Z. Finally apply

Z?>=R*+X}

to obtain the inductive reactance and hence the inductance.

113.

If a plane electromagnetic wave of intensity 9 x 10° W - m™2 incidents normally on a perfectly
absorbing surface of area 2 m? for a time of 180 s, then the average force exerted by the

electromagnetic wave on the surface during this time is:

(A) 3 mN
(B) 12 mN
(C) 6 mN

(D) 9 mN
Correct Answer: (C) 6 mN

Solution:

Concept:

Electromagnetic waves carry both energy and momentum. When an electromagnetic wave
falls on a surface, it transfers momentum to the surface and exerts a force known as radiation
force.

For a perfectly absorbing surface, the radiation pressure is

I
P.==-
c
where
* [ = intensity of the electromagnetic wave
* ¢ = speed of light in vacuum
The force exerted on a surface of area A is
F=PA
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Therefore,

Step 1: Write the expression for force

For a perfectly absorbing surface,

Given,

I=9x10°Wm?2

c=3%x10%ms™

Step 2: Substitute the values

p_ (9x109(2)

3 x108
18 x 10°
"~ 3x108
F=6x107°N
Step 3: Convert into millinewton
Since
1mN=10"°N
we get
F =6 mN
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Hence, the average force exerted by the electromagnetic wave on the surface is

6 mN

Quick Tip: For electromagnetic waves:

for a perfectly absorbing surface, while

_ 20
_C

F

for a perfectly reflecting surface. The given time interval does not affect the force because it cancels

during the calculation of momentum transfer per unit time.

114.
When photons of wavelength 4000 A are incident on a photosensitive material of cut-off
wavelength 4800 A, the stopping potential is V. If the same photons are incident on another

photosensitive material of cut-off wavelength 6000 A, then the stopping potential is:

(A) 1.5V
(B) 0.5V
(C) 4v
(D) 2V

Correct Answer: (D) 2V

Solution:

Concept:

According to Einstein’s photoelectric equation, the maximum kinetic energy of the emitted
photoelectrons is

Kmax = hV—(b

Since the stopping potential V, is related to the maximum kinetic energy by
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eV. =K

s~ “‘max»

we can write

eV, =hv—¢.

The work function ¢ of a photosensitive material is related to its cut-off (threshold) wavelength

Ao by

hc
o A
Therefore,
sy he_he
STA A
or

1 1

This relation directly connects the stopping potential with the incident wavelength and the

threshold wavelength.

Step 1: Write the equation for the first photosensitive material

For the first material,

A = 4000 A

and

Aop = 4800 A.

The stopping potential is given as V.

Hence,

1 1
(Lo L),
4000 4800

Taking LCM,
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6—5 hc
eV =hc = .
24000 24000
Thus,
hc
V= .
24000

Step 2: Write the equation for the second photosensitive material

For the second material,

A = 4000 A

and

Ay = 6000 A.

Let the corresponding stopping potential be V.

Then,
1 1
eV' =hc ( — —) .
4000 6000
Again taking LCM,
3—2 h
eV' = hc( ) ="
12000 12000
Therefore,
. hc
12000

Step 3: Compare the two stopping potentials

Dividing the second equation by the first equation,

hc
eV’ _ 12000
eV hc -
24000

The constants e, h, and ¢ cancel out:
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V' 24000
V 12000

Hence,

V' =2V.

Therefore, the stopping potential for the second photosensitive material is

37].

Quick Tip: For photoelectric effect questions involving two different materials but the same incident

radiation, write

1 1
QV;—hC(X—A—O)

for each material and compare the equations directly. The constants h, ¢, and e cancel, making the

calculation much simpler.

115.

If the wavelength of a spectral line in the Balmer series of hydrogen spectrum is %, then the
ratio of the radii of the higher and lower orbits between which the transition of electron takes

place is (R - Rydberg constant):

(A)9:4
B)4:1
(C)25:4
(D)8:1

Correct Answer: (A) 9:4

Solution:
Concept:
According to the Rydberg formula, the wavelength of a spectral line emitted during an electronic

transition in a hydrogen atom is given by
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where:

* R is the Rydberg constant,
* n, is the lower energy level,

* n, is the higher energy level.

For the Balmer series,

n, =2.

Also, according to Bohr’s model of the hydrogen atom, the radius of the n™ orbit is

r,ecns.
Therefore,
2
rhigher . le
==
Tower Tll

Hence, we first determine the value of the higher orbit n,.

Step 1: Substitute the given wavelength into the Rydberg formula

Given,
2
p=L=,
R
Therefore,
41_ &
A 7.2

Using the Balmer series relation,

Cancelling R from both sides,
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Since

36
7.2=—,
S5
we obtain
1 _ 5
7.2 36
Thus,
5 1 1
36 4 n?
Step 2: Calculate the higher energy level
Rearranging,
R )
n 4 36

Taking LCM 36,

Hence,

and therefore,

So the electronic transition occurs from
n,=3 to n;=2.

Step 3: Find the ratio of orbital radii

Since
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we have

Thigher rs 32 _ 9
Tower Ty 22 4

Therefore,

rhigher * TMower = 28 A

Quick Tip: For Balmer series questions, always take the lower energy level as n; = 2. Once the higher
level n, is found using the Rydberg formula, use Bohr’s relation r,, o< n? to obtain orbit-radius ratios

directly.

116.

If the nuclear force between a proton and a neutron is attractive, then the distance between

them can be:

(A) 0.12 fm
(B) 1072 fm
G 1.1fm
(D) 0.3 fm

Correct Answer: (C) 1.1 fm

Solution:
Concept:
The nuclear force is a short-range force acting between nucleons (protons and neutrons). Its

nature depends strongly on the separation between the nucleons.

* For very small separations (r < 0.8 fm), the nuclear force becomes strongly repulsive.
* For separations roughly between 0.8 fm and 3 fm, the nuclear force is attractive.

* Beyond a few femtometres, the nuclear force becomes negligible.
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Step 1: Examine each given distance

The force will be attractive only if the separation lies in the attractive region.

0.12fm < 0.8 fm

Hence, this lies in the repulsive region.

1073 fm = 0.001 fm < 0.8 fm

This also lies in the repulsive region.

1.1 fm > 0.8 fm
This lies in the attractive region.
0.3 fm < 0.8 fm
This again lies in the repulsive region.
Step 2: Select the correct option
Among all the given distances, only
1.1 fm

lies in the range where the nuclear force is attractive.

Hence, the correct answer is

1.1 fm

Quick Tip: Remember the important value 0.8 fm. Below this distance the nuclear force is strongly

repulsive, while beyond it (up to a few femtometres) the force becomes attractive.

117.

If the radius of ;;Al”” nucleus is 3.6 fm, then the number of neutrons in a nucleus of atomic

number 29 and radius 4.8 fm is:
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(A) 64
(B) 35
(C) 42
(D) 49

Correct Answer: (B) 35

Solution:
Concept:

The nuclear radius is related to the mass number by

R:ROA1/3

where R, is a constant.

For two nuclei,

Also,

where N is the number of neutrons and Z is the atomic number.
Step 1: Apply the radius relation

For aluminium nucleus,

For the unknown nucleus,

Thus,
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Cubing both sides,

(3)3_27
4) A,

27 _ 27

64 A,
Therefore,

A, =64

Step 2: Calculate the neutron number

Given
Z =29
Hence,
N=A—7=64—-29=235
Therefore,

Quick Tip: In nucleus-radius problems, first find the mass number using R o< A!/3. If the question asks

for neutrons, do not forget the final step: N =A—Z.

118.
The electron and hole concentrations in a semiconductor are 5 x 10'®* m™ and 8 x 10" m—3
respectively. If the mobilities of the electron and hole are 0.24 m*V's™! and 0.01 m?V's™!

respectively, then the conductivity of the semiconductor is:

(A) 0.48 Sm™!
(B) 0.16 Sm™!
(C) 0.32 Sm™*
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(D) 0.64 Sm™!
Correct Answer: (C) 0.32 Sm™

Solution:

Concept:

The conductivity of a semiconductor is given by

o =e(n.u, + nyuy)

where

e=1.6x10"7C

n,,n;, = electron and hole concentrations

WU., U, = electron and hole mobilities

Step 1: Calculate the electron contribution
n,u, = (5 x 10'8)(0.24)
n,u, = 1.2 x 10'®
Step 2: Calculate the hole contribution

n,uy, = (8 x 101%)(0.01)

nyUp = 8 % 1017

nyuy, = 0.8 x 10'8

Step 3: Add both contributions

N, + nypty, = 1.2 x 108 4+ 0.8 x 1018
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=2.0x10'8

Step 4: Calculate conductivity

o =(1.6 x 1071%)(2.0 x 10'®)

oc=3.2x10"

o=0.32Sm™!
Therefore,

o=0.32Sm™!

Quick Tip: For semiconductors, both electrons and holes contribute to conductivity. Always add n,u,

and ny,u;, before multiplying by the electronic charge e.

119.

If A, B and C represent the power gain, base resistance and collector resistance respectively of
a transistor connected in common emitter configuration, then the common emitter current

amplification factor is:

INE
(B) &
© 5
D) 2

Correct Answer: (D) 4/ %

Solution:
Concept:

For a transistor in common emitter configuration,
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Power Gain = Current Gain x Voltage Gain

If the current gain is 3, then

Therefore,

A, = XA,

=)

Step 1: Substitute the quantities given in the question
Given,

Hence,
Step 2: Solve for f3
Taking square root,

Therefore,
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Quick Tip: Remember the relation:

Power Gain = (Current Gain)? x Resistance Gain

for a common emitter amplifier. This allows quick derivation of the required formula.

120.

If the length of a linear antenna is increased by 60% and the wavelength of the signal is

decreased by 20%, then the percentage increase in the effective power radiated by the antenna

is:

(A) 50

(B) 250
(C) 300
(D) 150

Correct Answer: (C) 300

Solution:
Concept:

The radiated power of a linear antenna is proportional to

l 2
P —
= (A)
where [ is the antenna length and A is the wavelength.

Therefore,

&_(l_z ﬁ)z
Pl_ ll A'2

Step 1: Write the modified quantities
Length increases by 60%:

Wavelength decreases by 20%:
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A«z = 0.811

Step 2: Find the power ratio
B _(L6y
P, \0.8

= (2)*

Thus,

P, = 4P,

Step 3: Calculate percentage increase

b,—P,
% Increase = —— | x 100
Pl
=(4—1) %100

= 300%

Therefore,

300%

Quick Tip: If the final value becomes four times the original value, the increase is not 400%. Since one

original value already existed, the increase is (4 —1) x 100 = 300%.

121.

In hydrogen atom, electron is present in n, state. The energy of Lyman spectral line of hydrogen

spectrum originated from n, state is 1.635 x 107! J. What is the approximate energy (in J)
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required to excite this electron from n, state to (n, + 1) state?

(A) 3x 1071
(B) 3x 10718
(C) 1.6 x10718
(D) 3x107%°

Correct Answer: (A) 3 x 10717

Solution:
Concept:

The energy of an electron in the n™ orbit of a hydrogen atom is

n

2.18 x 10718 J
B —

For a Lyman series transition from n, to n = 1, the emitted energy is

1
AE=2.18x10"'® (1 = —) J
n2

Step 1: Determine the value of n,

Given,

1

1.635x 107 =218 x107'8 (1 = —2)
n

P

Dividing both sides by 2.18 x 10718,

1.635 _ 1_i
2.18 n}z{
1
0.75 = 1—5
1 1
—2 == 025 = —
ns 4
n,=2

Step 2: Calculate the excitation energy fromn=2ton =3
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1 1
AE=218x10"'® (— — —)
22 32

=2.18x107'® (1 — 1)
4 9

5
=218x10" ¥ x —
36

AE~3.03x107°J

Therefore,

AE~3x1077J

Quick Tip: The value 1.635 x 1078 J is exactly % of 2.18 x 10718 J, immediately giving % = ‘l‘ and

hence n = 2.

122,

In H atom, electron is present in n, state. The angular momentum of this electron is 1.051 x
107* Js. What is the energy (in J) required to excite this electron from n, state to (n, + 1)

state? (h = 6.6 x 1073* Js; m = 3.14)

(A) 2.18 x 10718
(B) 0.545 x 107'8
(C) 1.93x 107
(D) 1.635 x 1078

Correct Answer: (D) 1.635 x 10718

Solution:
Concept:

According to Bohr’s quantization condition,
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where L is the angular momentum.
Step 1: Find the quantum number n,

Given,

n,(6.6 x 1073%)

1.051 x 10734 =
2(3.14)

6.6
1.051 = ——n,
6.28

1.051 =1.051n,

Thus the electron is in the ground state.

Step 2: Calculate energy required for excitation fromn=1to n =2

1 1
AE=2.18x10"' (— — —)
12 22

1
=2.18x 1078 (1 — —)
4

=218 x 1078 x

AW

=1.635x1071%J

Hence,

1.635x 10718 J

Quick Tip: For the first Bohr orbit, the angular momentum is % ~ 1.05 x 1072* Js. Recognizing this

value instantly identifies n = 1.

123.
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The element with atomic number 114 has outer shell electron configuration as that of element

’X’. What is X?

(A) Ar
(B) Ge
(C) Se
(D) Ti

Correct Answer: (B) Ge

Solution:

Concept:

Elements belonging to the same group possess the same outer electronic configuration.
Element with atomic number 114 is Flerovium (F1).

Step 1: Determine the group of element 114

Flerovium belongs to Group 14 of the periodic table.

The general valence shell configuration of Group 14 elements is

ns’np>

Step 2: Identify the corresponding element

Group 14 elements are

C, Si, Ge, Sn, Pb, Fl

Among the given options, only Germanium belongs to Group 14.

Its outer electronic configuration is

4s*4p*
which is analogous to

7s%7p>

for Flerovium.

Therefore,
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Ge

Quick Tip: Elements of the same group have identical valence shell configurations. Identify the group

first, then match the option from that group.

124.

Consider the following oxides: SO,, P,0Os, SO, Al,O;, K,0, MgO. The most acidic and most

basic oxides are respectively:

(A) SO,, MgO
(B) SOs, K,O
(C) P,0s, K,0
(D) P,0s, SO,

Correct Answer: (B) SO, K,0

Solution:

Concept:

Metal oxides are generally basic, while non-metal oxides are generally acidic.
Higher oxidation state and greater non-metallic character increase acidic nature.
Step 1: Identify the most basic oxide

Among the given metal oxides,

K,O, MgO

Potassium is more electropositive than magnesium.

Hence,

is the strongest basic oxide.
Step 2: Identify the most acidic oxide

Among the acidic oxides,
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SO,, P,05, SO;

Sulfur in SO5 has oxidation state +6, which is higher than that in SO,.
Also, sulfur is more electronegative than phosphorus.

Therefore,

SO,

is the most acidic oxide.

Hence,

SO, K,0

Quick Tip: Among Period 3 oxides, acidity generally increases from left to right, while basicity increases

toward the highly electropositive metals.

125.

The difference in bond angles between SO, and H,O is:

(A) 12.5°
(B) 17.5°
(C) 15.0°
(D) 13.0°

Correct Answer: (C) 15.0°

Solution:

Concept:

SO,

has sp? hybridization with one lone pair and a bent geometry.

Its bond angle is approximately
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119.5°

Water has sp® hybridization with two lone pairs and a bent geometry.

Its bond angle is

104.5°

Step 1: Calculate the difference

Af =119.5°—104.5°

AB =15.0°

Therefore,

15.0°

H,0 has a much smaller bond angle than SO,.

Quick Tip: More lone pairs produce greater repulsion and stronger compression of bond angles. Hence

126.

BF, reacts with NH; in 1:1 ratio and gives ’X’. The hybridization and geometry around B and N

atoms in ’X’ respectively are:

(A) sp>, tetrahedral ; sp®, tetrahedral
(B) sp?, trigonal planar ; sp®, tetrahedral
(C) sp?, trigonal planar ; sp>, pyramidal

(D) sp?, tetrahedral ; sp?, trigonal planar
Correct Answer: (A) sp°, tetrahedral ; sp>, tetrahedral

Solution:
Concept:

BF, is a Lewis acid and NHj is a Lewis base.
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They form a coordinate bond:

F,B « NH,

Step 1: Hybridization around boron
After accepting the lone pair from nitrogen, boron forms four sigma bonds.

Therefore,

Steric number = 4

= sp* hybridization

with tetrahedral geometry.
Step 2: Hybridization around nitrogen
Nitrogen now also has four sigma bonds.

Hence,

Steric number = 4

= sp> hybridization

with tetrahedral geometry.

Therefore,

B: sp®, tetrahedral; N:sp®, tetrahedral

Quick Tip: Whenever BF; accepts a lone pair, boron completes its octet and changes from sp? trigonal

planar to sp® tetrahedral.

127.

A gaseous mixture contains H, and O,. The pressure of the mixture is 1 bar. The weight

percentage of O, is 80. The ratio of partial pressures of H, and O, is:

TS LAWCET 2026 Page 285 of © Collegedunia.com



(A) 5
(B) 4
(©) 0.2
(D) 0.25

Correct Answer: (B) 4

Solution:
Concept:

According to Dalton’s law,

P, _ Mn,
P02 no,
Thus, we first calculate the mole ratio.
Step 1: Assume 100 g of mixture
mo, =80 g
my,=20¢g
Step 2: Calculate moles
For hydrogen,
20
nHZ = ? == 10
For oxygen,
80
Tl02 = 3_2 = 2.5
Step 3: Find pressure ratio
Py, 10
=— =4
P,, 25

Hence,
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Quick Tip: For gas mixtures, convert mass percentages into moles first. Partial pressure ratios are

always equal to mole ratios.

128.

KMnO, oxidizes M** to M*" in acid medium. 500 mL of 0.02M M*" solution requires 500 mL

of x M MnO, solution for complete oxidation. The value of x is:

(A) 16 x 1073
(B) 8 x 1073
(C) 4%x1073

(D) 2x 1072
Correct Answer: (B) 8 x 1073

Solution:

Concept:

In a redox titration, the total number of gram-equivalents of the reducing agent consumed is
equal to the total number of gram-equivalents of the oxidizing agent consumed.

Thus,

Equivalents of Reducing Agent = Equivalents of Oxidizing Agent

Using the relation

Equivalents =M x V x n

we obtain

M,Viny, = M,Vsn,

where n denotes the n-factor.
Step 1: Determine the n-factor of M**

The metal ion is oxidized according to

M2t — M* 4 2¢”

TS LAWCET 2026 Page 287 of © Collegedunia.com



Since two electrons are lost,

n, =2
Step 2: Determine the n-factor of permanganate ion
In acidic medium,
MnO, +8H" + 5¢~ — Mn*" + 4H,0

One mole of permanganate gains five electrons.

Therefore,

n,=>5
Step 3: Apply the equivalence relation
Given:
M, =0.02M
V; =500mL
M, =xM
V, = 500 mL

Substituting into

M,Vin, = M,V,n,

gives

0.02x500 x2=x x500x5

The common factor 500 cancels:

0.02 x 2 =5x
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0.04 =5x

x =0.008 M

x=8x10"°M

Hence, the required molarity of MnO), solution is

8x107°M

Quick Tip: For acidic KMnO, titrations, always remember that the n-factor of MnO, is 5. Most

numerical questions can then be solved directly using the equivalence relation M;V;n; = MyV,n,.
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129.

The AfHe of BaCO;(s), BaO(s) and CO,(g) is respectively —1216.3, —553.5 and —393.5 kJ mol_.

What is the value of x (in kJ mol™) in the following reaction?
BaCOs(s) 4 BaO(s) + CO,(g) —x

(A) —269.3
(B) 269.3
(C) 2163
(D) —2163

Correct Answer: (B) 269.3

Solution:
Concept:

The standard enthalpy change of a reaction is given by

A H® = Z A¢H®(Products) — Z A¢H°(Reactants)

For the decomposition reaction

BaCO4(s) — BaO(s) + CO,(g)

the reaction enthalpy is obtained from the given standard enthalpies of formation.

Step 1: Write the enthalpy expression

A H° =[A;H°(BaO) + A;H°(CO,) | —[ A;H°(BaCO;) ]

r

Step 2: Substitute the given values

A.H® =[(—553.5)+(—393.5)] —(—1216.3)

A, H° = (—947.0) + 1216.3

A,H° =269.3 kJ mol™*
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Step 3: Relate the result to x
The decomposition reaction is endothermic.

Therefore,

x=A,H°

x = 269.3 kJ mol™

Hence,

x = 269.3 kJ mol™

Quick Tip: For decomposition reactions, a positive value of AH indicates that heat must be supplied to
break the compound into simpler substances. Since metal carbonates are generally thermally stable,

their decomposition reactions are usually endothermic.

130.

The following equilibrium is established at 1100 K in a closed V L flask:
C(s)+CO,(g)=2C0(g)

The pressure of equilibrium mixture is 1 atm. Among the gaseous compounds, CO has 84% by
mass. K, of this reaction is (approximately) (R = 0.082 L atm mol 'K™!). Assume that CO and
CO, are ideal gases.

(A)1x1072

(B) 3x 1072

(C)1x107"

(D) >8x1072

Correct Answer: (B) 3 x 1072

Solution:
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Concept:
This problem combines the concepts of chemical equilibrium, ideal gas law, mole fraction
determination from mass percentage, and equilibrium constant calculations.

For the reaction

C(s)+CO,(g)=2C0O(g)

the equilibrium constant in terms of concentration is given by

_[coP?

© [CO,]

It is important to remember that pure solid carbon does not appear in the equilibrium constant
expression because its activity remains constant.

Since the question gives mass percentage of gaseous components, our first task is to convert
the given mass composition into mole ratio. After determining mole fractions, we calculate
partial pressures and then concentration using the ideal gas equation.

The ideal gas equation is

PV =nRT
and concentration is related as
n P
V RT

These relations allow conversion from pressure data into concentration values.

Step 1: Determine mass composition of gaseous mixture from the given information.

The equilibrium mixture contains only two gases:

CO and CO,

We are told that carbon monoxide constitutes 84% by mass.
Assume total mass of gaseous mixture = 100 g.

Then:

Mass of CO
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Mass of CO,

= 16g
This assumption simplifies mole calculations directly.

Step 2: Convert masses into number of moles of each gaseous component.

Molar mass of carbon monoxide:

M, = 28g/mol

Therefore number of moles of CO is

_&
— -

Molar mass of carbon dioxide:

Mco, = 44g/mol

Hence number of moles of carbon dioxide is

16
Nco, = a
nCO2 = 0.364

Thus mole ratio becomes
CO:C0O,=3:0.364

Step 3: Calculate total number of moles present at equilibrium.

Total number of gaseous moles
Neorar = 3 +0.364
Niora = 3-364
Now determine mole fractions.
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For carbon monoxide

X —_3

€0 3.364

Xco =0.892

For carbon dioxide

0.364

X —_—

€027 3.364

Xgo, =0.108

These mole fractions help determine partial pressures.

Step 4: Calculate partial pressures of both gases using total pressure.

Given total equilibrium pressure:

Pyt = latm

Partial pressure of carbon monoxide

Poo =Xco X Protai

Peo =0.892 x 1

Pcp = 0.892atm

Partial pressure of carbon dioxide

Peo, =Xco, X Protal

Pgop, = 0.108atm

Step 5: Convert partial pressures into molar concentrations using ideal gas law.
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Using relation

For CO:

For CO,

P
C==—
RT
(coj— 0892
0.082 x 1100
0.892
[co]=28%2
90.2

[C0]=9.89 x 1073

(co,]— 0.108
227 90.2

[CO,]=1.19x 103

Step 6: Substitute equilibrium concentrations into equilibrium constant expression.

The equilibrium expression is

_[coP

© [CO,]

Substituting calculated concentrations

~ (9.89x107%)?
¢ 1.19x10°3

Approximating to nearest option gives
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Therefore the correct option is

3x 1072

Quick Tip: In equilibrium problems involving gas mixtures and mass percentage, always first assume
100 g sample, convert masses into moles, determine mole fractions, calculate partial pressures, and

finally use equilibrium expressions.

131.

Which of the following represents the water-gas shift reaction?

1270K

(A) C(s) + H,0(g) — CO(g) + Hy(g)

(B) CH,(g) + H,0(g) —— CO(g) +3H,(g)

(©) CO(g) +H,0(g) —— COy(g) + Hy(g)
(D) CH4(g) +20,(g) = CO,(g) + 2H,0(1)

Correct Answer: (C)

Solution:

Concept:

Water-gas chemistry is an important industrial process used for production of hydrogen and
synthesis gas.

The water-gas shift reaction specifically refers to reaction in which carbon monoxide reacts
with steam to produce carbon dioxide and hydrogen.

General reaction:

CO +H,0 = CO, +H,

This reaction is extremely important industrially because it increases hydrogen yield after
synthesis gas production.

It is different from steam reforming reactions and producer gas formation reactions.

Step 1: Analyze Option A carefully.
Option A is
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C +H,0 — CO +H,

This is called

Water gas formation reaction

This produces water gas mixture.

Hence not correct.

Step 2: Analyze Option B.
Option B is

CH, + H,0 — CO + 3H,

This reaction is methane steam reforming.
It is industrial hydrogen production but not water gas shift reaction.

Hence incorrect.

Step 3: Analyze Option C.
Option C is

CO + H,0 — CO, +H,

This exactly matches the standard water-gas shift reaction.
Carbon monoxide gets oxidized to carbon dioxide while water gets reduced to hydrogen gas.

Hence this is correct.

Step 4: Analyze Option D.

Option D is methane combustion.

CH, + 20, — CO, + 2H,0

This is combustion reaction only.
Hence incorrect.

Thus correct answer is

CO + H,0 — CO, +H,

TS LAWCET 2026 Page 297 of © Collegedunia.com



Quick Tip: Remember: Water gas formation = C + H,0, Water gas shift = CO + H,0.

132.
Which of the following is not the correct statement about group 1 elements?

(A) Hydration enthalpy is highest for Li* ion
(B) Boiling point is highest for caesium
(C) Density of potassium is lesser than sodium and rubidium

(D) They have inert gas configuration in (n — 1) shell

Correct Answer: (B)
Solution:
Concept:
Group 1 elements are alkali metals:

Li,Na,K,Rb,Cs,Fr

They show regular periodic trends.

Important trends:

* Atomic size increases down group
* Hydration enthalpy decreases down group

* Density generally increases except anomaly of potassium

Melting and boiling points decrease down group

Step 1: Check option A.

Smallest ion is lithium ion.

Smaller ionic radius means strongest attraction with water molecules.
Thus hydration enthalpy maximum for

Li*

Hence true.
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Step 2: Check option B carefully.
As atomic size increases down group, metallic bond strength decreases.
Therefore boiling point decreases downward.

Approximate order:

Li>Na>K>Rb>Cs

So caesium does NOT have highest boiling point.

Hence this statement is incorrect.

Step 3: Check option C.

Potassium has unusual low density.

Density order approximately shows anomaly.
Potassium density is lower than sodium and rubidium.

Thus correct statement.
Step 4: Check option D.
Electronic configuration of alkali metals:
ns

Inner shell has noble gas configuration.
Thus statement correct.

Hence incorrect statement is

Quick Tip: For alkali metals, melting point and boiling point decrease down the group due to weaker

metallic bonding.

133.
Which of the following statements are correct?
I. Liquid sodium metal is used as coolant in fast breeder nuclear reactor

II. LiCl is deliquescent
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III. LiF and CsI have low solubility in water

(A) L, III only
(B) 11, III only
(C) I, Il only
(D) L, 11, 11T

Correct Answer: (D)

Solution:

Concept:
Alkali metal compounds show characteristic physical and chemical properties depending on
ionic size and lattice energy.

We test each statement independently.

Step 1: Examine statement I.

Liquid sodium has excellent thermal conductivity.

It transfers heat effectively.

Therefore in fast breeder nuclear reactors sodium is used as coolant.

Statement I correct.

Step 2: Examine statement II.
Lithium chloride strongly absorbs moisture from atmosphere.
Substance which absorbs moisture and dissolves is called deliquescent.

Hence

LiCl

is deliquescent.

Statement II correct.

Step 3: Examine statement III.

Solubility depends on balance between lattice energy and hydration energy.
Lithium fluoride has high lattice energy due to very small ions.

Caesium iodide has low hydration energy because ions are large.

Both show comparatively low solubility.

Hence statement III correct.
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Thus all three statements are correct.

111,111

Quick Tip: Li compounds often behave differently because lithium ion is very small and highly polariz-

ing.

134.
The correct order of metallic radius of Al, Ga, In, Tl is

(A) Tl > In>Al > Ga
B)Tl>In>Ga>Al
O In>Ga>Al>TI
(D) Ga>In>Tl>Al

Correct Answer: (A)

Solution:

Concept:

Normally atomic radius increases down group.

However due to d-block contraction and f-block contraction anomalies occur.
Group 13 elements:

Al,Ga,In, Tl

Expected increase downward but gallium becomes smaller than expected due to poor shielding

by d electrons.

Step 1: Observe periodic trend.

Normally

Al<Ga<In<Tl

But d-block contraction affects gallium.
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Its size becomes slightly smaller than aluminium.

Step 2: Apply d-block contraction effect.
Gallium has filled 3d electrons.

These electrons shield poorly.

Effective nuclear charge increases.
Radius decreases.

Thus
Ga <Al

Step 3: Final order.

Thus order becomes

Tl>1In>Al > Ga

Correct option:

Quick Tip: Remember anomaly: Gallium is slightly smaller than aluminium because of d-block contrac-

tion.

135.

Given below are two statements

Statement-I: Silicones have high thermal stability and high dielectric strength
Statement-II: In silica Si-O bond enthalpy is very high

(A) Both statements I and II are correct
(B) Both statements I and II are not correct
(C) Statement I is correct, but statement II is not correct

(D) Statement I is not correct, but statement II is correct

Correct Answer: (A)
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Solution:

Concept:
Silicones are organosilicon polymers having repeating units involving silicon oxygen backbone.

General structure:

(—=Si—0—Si—0-),

Their physical properties are governed by strength of Si-O bond.
Bond enthalpy means bond strength.

Higher bond enthalpy means stronger bond and greater thermal stability.

Step 1: Analyze Statement I.

Silicones possess

High thermal stability

e Water resistance

Chemical inertness

High dielectric strength

High dielectric strength means excellent electrical insulation.

Thus statement I is true.

Step 2: Analyze Statement II.
Silicon oxygen bond is extremely strong.

Bond enthalpy approximately

Si— 0O ~ 452kJ /mol

This value is much greater than many ordinary covalent bonds.
Therefore silica network is highly stable.

Thus statement II is true.

Step 3: Establish relation between statements.
Because Si-O bond is very strong, silicone polymers resist thermal decomposition.

This directly explains high thermal stability.
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Hence statement II supports statement I.
Both are correct.

Therefore answer is

Quick Tip: Silicone properties originate from strong Si-O bond. Stronger bond means higher thermal

stability and excellent insulating behavior.

136.
In winter, polar stratospheric clouds formed over Antarctica provide surface on which com-
pound X responsible for depletion of ozone is formed. What is X?

(A) Peroxyacetyl nitrate
(B) Acrolein

(C) Chlorine nitrate

(D) Sulphuryl chloride

Correct Answer: (C) Chlorine nitrate
Solution:
Concept:
Ozone depletion in the stratosphere is strongly connected with chlorine-containing compounds
derived mainly from chlorofluorocarbons (CFCs). During winter in Antarctica, extremely low
temperatures cause the formation of polar stratospheric clouds (PSC).
These clouds provide solid surfaces where chemical reactions convert inactive chlorine reservoir
species into active ozone-destroying compounds.
One important compound formed under these conditions is chlorine nitrate.

CIONO,

This compound participates in catalytic ozone destruction cycles.

Step 1: Understand role of polar stratospheric clouds.
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Polar stratospheric clouds form under very low temperatures in the upper atmosphere.
These clouds provide surfaces for heterogeneous chemical reactions.

Inactive chlorine compounds get converted into reactive species.

Step 2: Identify chlorine reservoir compounds.

Important chlorine reservoir compounds include:

HCl, CIONO,

where

CLONO, = Chlorine nitrate

These participate in ozone depletion chemistry.

Step 3: Analyze options.

Peroxyacetyl nitrate is photochemical smog component.

Acrolein is organic pollutant.

Sulphuryl chloride does not participate significantly in ozone depletion.
Only chlorine nitrate is involved.

Hence answer is

CIONO,

Quick Tip: Remember: Antarctic ozone depletion is strongly associated with chlorine radicals generated

from chlorine reservoir compounds like chlorine nitrate.

137.

Match the extra element present in the organic compound with reagent used for its detection.
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List-1 List-2

e e

Al N |1 [(NH):MoO,
B| S |II|AgNO;

C| P I FeSOsH

D [ IV | Naz[Fe(CN)sNOJ

(A) A-IV, B-1, C-II, D-III
(B) A-I\] B-III, C-II, D-I
(C) A-IIL, B-I, C-I\] D-II
(D) A-IIL, B-IV, C-1, D-II

Correct Answer: (B)

Solution:

Concept:

Extra elements in organic compounds are detected mainly through Lassaigne’s test. Sodium
fusion converts covalently bonded elements into ionic compounds which can be detected by
characteristic reagents.

Different reagents detect different elements.

Step 1: Detection of nitrogen.
Nitrogen forms sodium cyanide.
It reacts with ferrous sulphate followed by acidification.

Reagent used:

FeSO,H"

Thus

Step 2: Detection of sulphur.
Sulphur forms sodium sulphide.

Detected by sodium nitroprusside.
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Na,[Fe(CN)sNO]

Thus

S—D
Step 3: Detection of chlorine.
Halogens react with silver nitrate.

AgNO;
Thus

Cl—B
Step 4: Detection of phosphorus.
Phosphorus forms phosphate.
Detected using ammonium molybdate.

(NH,),Mo0,

Thus

P—-A

Final matching:

A—1V, B—1III, c—1I, D—1II

Hence answer:

Quick Tip: Lassaigne Test: Nitrogen — Ferrous sulphate, Sulphur — Sodium nitroprusside, Halogen

— Silver nitrate, Phosphorus — Ammonium molybdate.
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138.
Which of the following are Position isomers?
~

I I 111 v

(A) I, III
(B) IL, IV
(C) IL, III
D)L IV

Correct Answer: Depends on given structures (Diagram required)

Solution:

Concept:

Position isomerism occurs when compounds have:

¢ Same molecular formula
* Same functional group

* Functional group or multiple bond located at different positions

Example:

CH,CH = CHCH,

and

CH, = CHCH,CH,
Both differ only in position of double bond.

Step 1: Need structural diagram.
This question depends on structures labeled I, II, III and IV.

Since structures are not visible in text form, exact comparison is impossible.

Step 2: General identification rule.
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Two compounds are position isomers if molecular formula remains same but location of

substituent changes.

Example:

1-chloropropane

and

2-chloropropane

Step 3: Conclusion.

Exact answer requires original structural figure.

Hence cannot determine accurately from incomplete question.

location of functional group or multiple bond.

Quick Tip: Position isomerism means same carbon skeleton and same functional group but change in

139.
Observe the reaction set and identify A and D.
C1s-2-Butene 1. A
oR-2-aredsS 2. mm.aa B anhy.
n-Heptane Cn0;s c AlCk Eajor product
RS | 713K ? HTS ereh)S
10-20 atm A

CH:

COCH;

TS LAWCET 2026 Page 309 of

© Collegedunia.com



COCH;

CHs
COCH:;

CH-CHj3;

(A) figA
(B) figB
(C) figC
(D) figh

Correct Answer: (A)

Solution:

Concept:
This problem combines oxidation of alkenes and aromatization followed by Friedel-Crafts

reaction.

Step 1: Analyze first reaction.
Cis-2-butene oxidation with acidic permanganate causes oxidative cleavage.

Reagent:

KMno,/H*

Produces acetic acid.
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Step 2: Role of P,O;,.
Phosphorus pentoxide is dehydrating agent.
Converts acid into corresponding anhydride or removes water.

Thus first reagent identified.

Step 3: Analyze second reaction.

n-Heptane under catalyst

Cry05/Al,0,
undergoes aromatization producing toluene.

Step 4: Friedel Crafts acylation.

Toluene reacts under

AlCl,

Electrophilic substitution occurs mainly para position.

Major product:

p-acetyltoluene

Thus answer

Quick Tip: Alkanes under chromium oxide catalyst at high temperature undergo aromatization. Toluene

gives para product predominantly in Friedel-Crafts acylation.

140.

Observe the reaction sequence
CH,—C— ;:’“:"H -
(A) (i) £n+H,

Compound A forms sodium derivative with NaNH,. Find B and D.
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(A) H,/Ni; CH;CH,CHO + HCHO

(B) H,/Ni; CH,CHO + CH,CHO

(C) H,/Pd — C, quinoline; CH;CH,CHO + HCHO
(D) H,/Pd — C,quinoline; CH;CHO + CH;CHO

Correct Answer: (C)

Solution:

Concept:
Compound A forms sodium derivative with sodium amide.
Only terminal alkynes show acidic hydrogen and react with

NaNH,

Therefore A must be terminal alkyne.

Partial hydrogenation of alkyne requires poisoned catalyst.

Step 1: Identify compound A.

Given formula

C,Hy

Possible terminal alkyne:

CH,CH,C =CH
This reacts with sodium amide.

Step 2: Choose correct hydrogenation catalyst.
Partial hydrogenation requires Lindlar catalyst equivalent.
Given option:

Pd —C,quinoline

This converts alkyne into alkene.

Thus B is
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H,/Pd —C,quinoline

Step 3: Perform ozonolysis.
Alkene formed gives aldehydes after ozonolysis.

Products:

CH;CH,CHO

and
HCHO
Thus final answer:
B =H,/Pd—C,quinoline

D = CH,CH,CHO + HCHO

Hence correct option

Quick Tip: Terminal alkynes react with NaNH, because acidic hydrogen is present. Partial hydrogena-

tion uses poisoned palladium catalyst.

141.

Identify the edge lengths (a, b, c) in the unit cell shown below.
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Etf‘/

(A)i=a,j=b,k=c
B)i=a,j=c,k=b
Qi=c,j=b, k=a
MD)i=b,j=c, k=a

Correct Answer: (A)
Solution:
Concept:
In solid state chemistry, a unit cell represents the smallest repeating structural unit of a crystal
lattice. Every unit cell is characterized by three edge lengths:
a, b, c

and three interaxial angles:

a, B, v

The edge lengths correspond to the three mutually intersecting edges originating from a single

corner of the unit cell.

Step 1: Understand unit cell geometry carefully.
The three dimensions of a crystal lattice are measured along three principal axes.
Conventionally:

a = x-axis length
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b = y-axis length

¢ = z-axis length

Step 2: Interpret labels given in diagram.

The question diagram labels three edges as

i, i k

These correspond to the three crystallographic axes.

Standard crystallographic notation assigns:

j—b

k—c

Step 3: Compare with options.
Only option A matches correct crystallographic assignment.

Thus answer becomes

Quick Tip: In unit cell diagrams, three mutually perpendicular edges from one corner represent lattice

parameters a, b, c.

142.

A water sample is contaminated with compound X (molar mass = 120g mol™'). Its molality is

10~*m. What is its concentration in ppm?

(A) 120
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(B) 1200
(C) 12
(D) 12 x 10°

Correct Answer: (A) 120

Solution:
Concept:
Parts per million (ppm) expresses concentration as milligrams of solute per kilogram of solution.

Relation connecting molality and ppm:

ppm=mx M x 103

where

m = molality

M = molar mass

Step 1: Write given data carefully.

Molality given:

m=10"*

Molar mass:
M =120g/mol

Step 2: Use ppm relation.

Formula:

ppm=m x M x 10°/1000

or directly
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ppm=mx M x 10°

Substitute values.

ppm =10"%x 120 x 10°

Step 3: Perform numerical simplification.

ppm =120 x 10" x 10*

ppm =120

Hence final concentration becomes

120 ppm

Quick Tip: For dilute aqueous solutions, use shortcut: ppm =m x M x 1000

143.

The following reaction takes place in a galvanic cell

2Cr(s)+3Cd**(aq) — 2Cr3**(aq) + 3Cd(s)

What is A,G° of this cell?

Given:

F = 96500 Cmol™

Ef porjcq = —0.4V
ES s o =—0.74V
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(A) -196.86
(B) -1968.6
(C) -32.81

(D) -19.686

Correct Answer: (A) -196.86

Solution:

Concept:

The Gibbs free energy change in electrochemical cells is related to cell potential by equation

AG° = —nFE°

cell

where

n = electrons transferred

F = Faraday constant

EO

-y = standard cell potential

Step 1: Determine oxidation and reduction half reactions.
Chromium loses electrons.

Oxidation:

Cr— Cr3t+3e”

Cadmium ion gains electrons.

Reduction:
Cd*" +2e — Cd

Step 2: Calculate cell potential.

Formula:
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o __ po o
Ecell_ cathode anode

Cathode:
cd**/Ccd =—0.4V
Anode:
Cr3t/Cr =—0.74V
Thus
EZ,, = (—0.4)— (—0.74)
E°  =0.34V

cell

Step 3: Determine electron transfer number.

Balanced reaction shows

Step 4: Apply Gibbs free energy equation.

AG® =—nFE°

=—6 x 96500 x 0.34

= —196860J

Convert to kilojoules.

= —196.86kJ

Hence
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—196.86kJ

Quick Tip: Always use formula: AG® = —nFE’

cell”

energy.

Positive cell potential means negative Gibbs free

144.

Given below are two statements

Statement-I: Rate of first order reaction decreases with time
Statement-II: Rate of zero order reaction decreases with time

(A) Both statements I and II are correct
(B) Both statements I and II are incorrect
(C) Statement I correct but II incorrect

(D) Statement I incorrect but II correct
Correct Answer: (C)

Solution:

Concept:
Reaction rate depends on rate law.

General expression:

Rate = k[A]"

where n is reaction order.

Rate changes differently for different orders.

Step 1: Check first order reaction.

Rate law:

Rate = k[A]

As time increases, reactant concentration decreases.
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Thus rate decreases continuously.

Statement I correct.

Step 2: Check zero order reaction.

Rate law:

Rate = k[A]°

Rate =k

Since concentration term disappears, rate remains constant.
It does not decrease with time.

Statement II incorrect.

Step 3: Final conclusion.
Statement I true.
Statement II false.

Hence correct option:

Quick Tip: Zero order reaction: Rate = constant. First order reaction: Rate decreases because

concentration decreases.

145.
Gold number of a protective colloid A is x. A mixture is prepared by adding 50 mL of 10%

NaCl solution to 500 mL gold sol. What minimum mass of A is needed to prevent coagulation?

(A) 50x
(B) 500x
(O 5x
(D) 0.5x

Correct Answer: (C) 5x
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Solution:

Concept:
Gold number is defined as:
The minimum mass in milligrams of protective colloid required to prevent coagulation of 10 mL

standard gold sol when 1 mL of 10% NaCl solution is added.

Mathematically:
Gold Number = x
means
xmg
protects
10mL gold sol
against

1mL 10% NaCl

Step 1: Compare amount of gold sol.

Standard gold sol:

10mL
Given gold sol:
500mL
Ratio:
500
—— =150
10

Step 2: Compare sodium chloride amount.

Standard NaCl amount:
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1mL

Given:
50mL
Ratio:
50
— =150
1

Step 3: Determine scaling factor.
Overall protective requirement scales proportionally.

Required colloid:

50
10

or direct formula

Thus minimum mass becomes

Quick Tip: Gold number definition is based on 10 mL gold sol protected against 1 mL of 10% NacCl.

Scale proportionally in numerical questions.

146.

The metal refined by Mond process is X and the metal refined by Van Arkel method is Y. What
are X and Y respectively?

(A) Mn, Ga

(B) In, Zr

(C) Ti, Ni

(D) Ni, Zr
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Correct Answer: (D) Ni, Zr

Solution:

Concept:

Metallurgy involves purification of metals after extraction from ores. Different metals are
purified by different refining techniques depending on their chemical properties and volatility
of compounds formed.

Two important refining methods are:

e Mond Process

e Van Arkel Process

Mond process depends upon formation of volatile metal carbonyl compounds.
Van Arkel process depends upon formation of volatile metal iodides.

Step 1: Understand Mond Process.

Mond process is specifically used for purification of nickel.

Nickel reacts with carbon monoxide at moderate temperature.

Reaction:

Ni+4CO — Ni(CO),
Nickel tetracarbonyl formed is volatile.
On heating at higher temperature:

Ni(CO), — Ni+4CO

Pure nickel is obtained.

Thus metal X is

Step 2: Understand Van Arkel Process.
Van Arkel process is used for purification of metals like titanium and zirconium.
Metal reacts with iodine.

Example:
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Zr+2I, > Zrl,

Volatile zirconium tetraiodide forms.

At hot tungsten filament:

Zrl,— Zr +2I,

Pure zirconium obtained.

Thus metal Y is

Step 3: Compare with options.

Required pair becomes

Hence correct answer is

Quick Tip: Mond Process — Nickel purification. Van Arkel Process — Titanium and Zirconium purifi-

cation.
147.
In which of the following sets, the reaction and catalyst are correctly matched?
Reaction [Lf)ég] Catalyst it‘.‘il‘a;ﬁlﬁ§01
I | 80,(g)+Cl(g)—S0,CL () Charcoal
Tb&S
Il | 250,(g)+0,(g)->250,(g) V,0,
- 4HC1+0,— 2K 201, 4210 | CuCl:

(A) 1, IL, TII
(B) I, IT only
(C) 11, 11T only
(D) I, III only
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Correct Answer: (A) I, II, III

Solution:

Concept:

Industrial chemistry uses catalysts to speed up reactions without changing equilibrium com-
position. Several important reactions involving sulphur dioxide and hydrogen chloride use
characteristic catalysts.

We analyze each reaction independently.

Step 1: Check statement I.

Reaction:

SO, + Cl, — SO,Cl,

This forms sulfuryl chloride.

Catalyst used:

Activated Charcoal

Hence statement I is correct.
Step 2: Check statement II.

Reaction:

250, + 0, — 250,
This is contact process for sulfuric acid manufacture.
Catalyst used:
VZOS

Vanadium pentoxide accelerates oxidation.
Thus statement II is correct.
Step 3: Check statement III.

Reaction:

4HCL + O, — 2Cly + 2H,0
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This is Deacon process.

Catalyst used:

CucCl,

Copper chloride acts as catalyst.
Hence statement III correct.
Step 4: Final conclusion.

All three matches are correct.

Thus answer is

chloride formation — Charcoal.

Quick Tip: Remember industrial catalysts: Contact Process — V,0s5, Deacon Process — CuCl,, Sulfuryl

148.

Observe the following reactions

HO . PG

L yZ—2 5w

Pl‘ﬂ]

P.tﬂm
Which are common for both Y and W?
I. Four P-OH bonds
I1. Two P-H bonds
III. Two P = O bonds
IV. One P-O-P bond

(A) L IIL, IV only
(B) I, I, III only
(C) 1, 111, IV only
(D) 111, IV only

Correct Answer: (C)
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Solution:

Concept:

Phosphorus oxides react with water to form oxyacids. These acids undergo further chemical
transformations.

We identify products carefully.

Step 1: Find compound X and Y.

Reaction:

P,0, + 3H,0 — 2H,PO,

So

X :H3P03

Now reaction with phosphorus trichloride produces pyrophosphorous acid.

Final compound Y contains:
* Two P-H bonds
* Two P = O bonds

* One P-O-P bond

Step 2: Find compound Z and W.

Reaction:

P,0y, + 6H,0 — 4H, PO,

Further condensation gives pyrophosphoric acid.

This compound W contains:

e Two P = O bonds
¢ One P-O-P bond

¢ Four P-OH bonds

Step 3: Find common features.
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Common features in Y and W:

II. Two P —H bonds
III. Two P = O bonds

IV.OneP— 0O —P bond

Hence correct answer:

Quick Tip: Pyro acids commonly contain bridging oxygen bond called P-O-P linkage.

149.

What are X and Y in the following reactions?

2X,(g) + 2H,0(1) — 4H"(aq) + 4X (aq) + O,(g)

Y,(g)+H,0(l) —» HY(aq) + HOY (aq)

(AAX=FY=I
B)X=1I,Y=Cl
(X =F Y =ClI
M) X=ClL,Y=I

Correct Answer: (C)

Solution:

Concept:

Halogens react differently with water depending upon oxidizing power.
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Fluorine is strongest oxidizing agent.
Chlorine disproportionates in water.
Step 1: Identify X.
Reaction:

2X,+2H,0 > 4H" +4X™ + O,
Only fluorine oxidizes water to oxygen.
Reaction:

2F, +2H,0 — 4HF + O,

Thus

Step 2: Identify Y.

Reaction:

Y, + H,0 — HY + HOY

This is disproportionation reaction of chlorine.

Reaction:
Cl,+H,0 - HCl+HOCI

Thus

Step 3: Final answer.

Hence pair becomes

Therefore answer is
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Quick Tip: Only fluorine oxidizes water to oxygen. Chlorine disproportionates to HCl and HOCL.

150.

Match the following orders with their properties.

List-1 (Order) List-2 (Property)
2O -1 (|BD0) 2D@-2 ($8150)

A | Fe>Cr>Mn I | Melting point
(D5 S0

B | Co>Fe>Mn Il | Metallic Radius

. S oo

C |Ti>V>Cr 1T | Enthalpy of atomization
DESrBES dogrd)

D |Cr>V>Mn IV | Density
fegellala)

(A) A-L, B-II, C-I, D-IV

(B) A-IL, B-I, C-IV D-III
(C) A-IV, B-III, C-II, D-I
(D) A-IIL, B-IV, C-II, D-I

Correct Answer: (D)
Solution:
Concept:

Transition metals show characteristic periodic trends because of partially filled d-orbitals.

Important properties include:

* Enthalpy of atomization
* Density

* Metallic radius

* Melting point

Each property follows trends based on bonding strength and atomic structure.
Step 1: Identify enthalpy of atomization.

Strong metallic bonding gives high atomization enthalpy:.
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Order:

Fe>Cr > Mn

Thus

A—III

Step 2: Identify density trend.

Density depends on atomic mass and packing.

Order:
Co>Fe> Mn

Thus

B—1V
Step 3: Identify metallic radius trend.
Across period radius decreases.
Order:

Ti>V>Cr

Thus

C—II

Step 4: Identify melting point trend.
Melting point depends on bond strength.
Order:

Cr>V>Mn

Thus

D—I]
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Final matching:

A—III
B—1V
C—1II

D—I

Thus answer becomes

2]

Quick Tip: Transition metal properties depend strongly on number of unpaired d-electrons because

stronger metallic bonding increases melting point and atomization enthalpy.

151.

Which of the following exhibit optical isomerism?
L. [Fe(CzO4)3]3_

1. [Cr(H,0),CL,]*

III. [Co(NHj),(en), I**

(A) I, IT only
(B) I, IIT only
(C) 11, IIT only
(D) L, 11, 111

Correct Answer: (B)

Solution:
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Concept:
Optical isomerism occurs when a coordination compound is non-superimposable on its mirror
image. This generally happens when the complex lacks plane of symmetry and is chiral.

Typical cases include:
* Chelate complexes with bidentate ligands
* Octahedral complexes with specific ligand arrangements

Step 1: Analyze complex I.

[Fe(C,0,)51°~

Oxalate is a bidentate ligand forming three chelate rings.
Such tris-chelate octahedral complexes are optically active due to and forms.
Thus I shows optical isomerism.

Step 2: Analyze complex II.

[Cr(Hzo)4Clz]+

This is an octahedral complex of type MA,B,.
It generally has a plane of symmetry and does not show optical isomerism.
Thus II is optically inactive.

Step 3: Analyze complex III.

[CO(NHs)z(en)2]3+

This complex contains bidentate ethylenediamine ligands.
Such cis-arrangements lead to chirality and optical isomerism.
Thus III shows optical isomerism.

Step 4: Final conclusion.

Optically active complexes are:

Iand III

Hence answer is:
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Quick Tip: Optical isomerism is common in chelate complexes like oxalates and ethylenediamine

complexes when no plane of symmetry is present.

152.

Natural rubber is the addition polymer of monomer X and neoprene is the addition polymer of
monomer Y. What are X and Y respectively?

(A) CH, = C(CH;)—CH = CH,; CH, = C(Cl)— CH = CH,

(B) CH, = C(CN)—CH = CH,; CH, = C(Cl)—CH = CH,

(C) CH, = C(CH;)—CH = CH,; CH,=C(CN)—CH = CH,

(D) CH,=C(C,H;)—CH =CH,; CH, =C(C¢Hs)—CH = CH,

Correct Answer: (A)

Solution:

Concept:
Natural rubber and neoprene are both addition polymers formed via polymerization of conju-

gated dienes.
* Natural rubber is polyisoprene
* Neoprene is polychloroprene

Step 1: Identify monomer of natural rubber.
Natural rubber is cis-1,4-polyisoprene.

Monomer:

CH, = C(CH;)—CH = CH,

Thus X is isoprene.

Step 2: Identify monomer of neoprene.
Neoprene is polymer of chloroprene.
Monomer:

CH, = C(Cl)—CH = CH,

Thus Y is chloroprene.
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Step 3: Final answer.

Hence option (A).

Quick Tip: Natural rubber = isoprene polymer, Neoprene = chloroprene polymer.

153.
Glycosidic linkage in maltose is present between

(A) C-1 of a-D-glucose and C-4 of a-D-glucose
(B) C-1 of a-D-glucose and C-4 of 3-D-galactose
(C) C-1 of B-D-glucose and C-4 of a-D-glucose
(D) C-1 of B-D-glucose and C-4 of 3-D-glucose

Correct Answer: (A)
Solution:
Concept:
Maltose is a disaccharide composed of two glucose units.
The glycosidic bond is formed via condensation between hydroxyl groups of two monosaccha-
rides.

Step 1: Identify structure of maltose.

Maltose consists of:

* One a-D-glucose unit (reducing end)

* One a-D-glucose unit (non-reducing end linkage)

Step 2: Locate glycosidic linkage.

The bond is formed between:

Cl of a—D —glucose and C4 of another a —D — glucose

Thus linkage is:
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a(l—4)

Step 3: Final conclusion.

Correct option:

Quick Tip: Maltose always has a(1 — 4) glycosidic linkage between two glucose units.

154.

The detergent used in tooth pastes is ’X’ and in hair conditioners is ’Y’. What are X and Y
respectively?

(A) p—CH3(CH,)1,C¢H,SOsNa; (C5H;,CO0)5C5Hs

(B) (Cy17H33C00)5C3Hs; CH3(CH,)sN(CH;)3Br

(C) CH4(CH,),,CH,0SO;Na; p— CyH,,C¢H,O(CH,CH,0)sCH,CH,OH

(D) CH,(CH,),,CH,080;Na; CH;(CH,),sN(CH,);Br

Correct Answer: (D)

Solution:

Concept:

Detergents are surface-active agents used in cleaning and conditioning.
» Toothpastes commonly contain anionic detergents like sodium lauryl sulfate
* Hair conditioners use cationic detergents like quaternary ammonium salts

Step 1: Identify detergent X (toothpaste).

Anionic detergent:

CH4(CH,);,CH,0SO;Na

This is sodium lauryl sulfate, commonly used in toothpaste.

Thus X identified.
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Step 2: Identify detergent Y (hair conditioner).
Cationic surfactants like quaternary ammonium salts are used in conditioners.
CH;3(CH,)1sN(CHs)sBr

This helps in reducing static and improving hair smoothness.
Thus Y identified.
Step 3: Final answer.
X = CH3(CH2)10CH20503NG., Y = CH3(CH2)15N(CH3)3BI’

Hence option (D).

Quick Tip: Anionic detergents clean; cationic detergents condition hair by reducing static charge.

155.
Rate determining step in the following reactions I and II respectively is
©
jv OHy
I.

c o
gy 2oty y
O,N

(A) Cleavage of C-Cl bond in both I and II

(B) Cleavage of C-Cl bond in I, attack of OH in II
(C) Attack of OH in I, C-Cl bond cleavage in II
(D) Attack of OH in both I and II

I1.

Correct Answer: (C)

Solution:

Concept:
Aromatic nucleophilic substitution (SNAr) proceeds via addition-elimination mechanism. Elec-
tron withdrawing groups stabilize intermediate and affect rate determining step.

Step 1: Reaction I (chlorobenzene).
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Chlorobenzene is not activated.
Reaction proceeds very slowly via formation of Meisenheimer intermediate.
Rate determining step:

Attack of OH™

Step 2: Reaction II (p-nitrochlorobenzene).
Nitro group strongly stabilizes intermediate.
Thus nucleophilic attack becomes fast.

Rate determining step shifts to:

C —Cl bond cleavage

Step 3: Final conclusion.

I: Attackof OH™

II: C—ClIl bond cleavage

Hence correct answer:

Quick Tip: Electron withdrawing groups like —N O, increase rate of SNAr by stabilizing intermediate.

156.

What are X, Y, Z in the following reactions?

O~ HBr

E Br: E
z CH:COOH ©/ FAY e

@/m : S0l g @OE

%

= Jagag
O o~
Br

OH ’@0\/
T o~ e
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o o
. /\Bl . Br

(A) figA
(B) figB
(C) figC
(D) figh

Correct Answer: (B)

Solution:

Concept:

Ether cleavage with hydrogen halides depends on the nature of alkyl or aryl-alkyl ethers.
Aryl-alkyl ethers undergo cleavage at alkyl-oxygen bond because aryl-O bond has partial
double bond character.

Step 1: Reaction with HBr.

Phenetole is:

C6H5 - O - CH2CH3

On heating with HBr, cleavage occurs at alkyl side:

Cs¢HsOH + C,HBr

Thus:

X = Phenol, Y =Ethylbromide

Step 2: Bromination reaction.
Bromine in acetic acid causes electrophilic substitution on activated aromatic ring.
Ethoxy group is o,p-directing.

Major product is para substituted compound:

p-bromophenetole

Thus:
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Z = p-bromophenetole

Step 3: Final answer.

X = Phenol, Y =Ethylbromide, Z = p-bromophenetole

Hence option:

Quick Tip: Aryl alkyl ethers undergo cleavage at alkyl-O bond with HX due to resonance stabilization

of aryl oxygen bond.

157.

Benzene gets converted to X in reaction (A) and Y in reaction (B). X is oxidized by ammoniacal
AgNO; but Y is not. Identify A and B.

(A) Stephen; Fittig

(B) Fittig; Stephen

(C) Gattermann-Koch; Friedel-Crafts

(D) Friedel-Crafts; Gattermann-Koch
Correct Answer: (C)

Solution:

Concept:

Different substitution reactions on benzene produce different functional groups depending on
reagents and catalysts.

Ammoniacal AgNO; oxidizes aldehydes but not hydrocarbons.

Step 1: Identify X (oxidizable by Tollens reagent).

Tollens reagent oxidizes aldehydes.

Thus X must contain —CHO group.

Gattermann-Koch reaction introduces formyl group:
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CO+HCl1
CeHy —', ¢.H,CHO
AlCly/CuCl

So X is benzaldehyde.
Step 2: Identify Y (not oxidized by AgNO;).

Friedel-Crafts reaction introduces alkyl group:

RCI/AICI,
C6H6 E—— C6H5R

No aldehyde group present, so not oxidized by Tollens reagent.
Thus Y is alkylbenzene.

Step 3: Match reactions.

A= Gattermann—Koch, B=Friedel—Crafts

Hence correct option:

Quick Tip: Tollens reagent oxidizes aldehydes only, not alkyl benzenes.

158.

Identify correct set(s) of X, Y, Z in the following reaction sequence.

Styrene {CoHlsCOLO BT, Product Lo, Wov,
(I) KCN; H,0%; C,H.CH,CH,CO,H
(I) Zn/H*; KMnO,/OH"; same acid
(II1) Mg/dry ether; CO,, H,O; same acid
(IV) KCN; H,0%; C,H,CH,CH,CH,CO,H
(A) I, 11, TIT
(B) II, III only
(C) I, III only
(D) IV only
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Correct Answer: (C)

Solution:

Concept:
Styrene undergoes anti-Markovnikov addition of HBr in presence of peroxide (Kharasch effect),
followed by functional group transformations leading to carboxylic acids.

Step 1: Formation of product.

HBr/peroxide

Step 2: Identify X.
Bromide undergoes nucleophilic substitution:
KCN . .
C¢HsCH,CH,Br — nitrile
Thus X = KCN is correct for cyanide formation.
Step 3: Identify Y.
Nitrile hydrolysis:
H,0" — COOH

Thus formation of:

CsH;CH,CH,CO,H

So set I is valid.
Step 4: Check III.

Grignard formation and carbonation:
Mg/dry ether - RMgX

CO, - RCOOH

Also gives same acid.
Thus III valid.
Step 5: Check IV.
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Leads to one extra carbon acid:

C¢H;CH,CH,CH,CO,H
So incorrect.
Step 6: Final answer.
Valid sets:
I, III
Hence:
C

carbon count only if chain length is preserved.

Quick Tip: Nitrile hydrolysis and Grignard carboxylation both produce carboxylic acids with same

159.

What are C and E in the following reaction sequence?

CsHsCHOE
Mg B H.0 ¢
d
HB ry
CsHs—r) A " ether

{ n;:iy'or \
\ product/ — CsHsCHO

HCl gas
OH OH
@fl\/\ @)\ON
D’ i

@fql/ gy
Y
(A) figA
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(B) figB
(C) figC
(D) figh

Correct Answer: (C)

Solution:

Concept:
Alkene reactions proceed via electrophilic addition, Grignard reagent formation, and nucle-
ophilic addition to carbonyl compounds.

Step 1: Formation of A and B.

C3Hg + HBr — CH;CHBrCH,

+Mg/dry ether - CH;CHM gBrCH,

Step 2: Formation of C.

Grignard reagent reacts with benzaldehyde:

CH;CHMgBrCH; + CcdH;CHO — secondary alcohol

Thus C is phenyl substituted secondary alcohol.

Step 3: Formation of D and E.

Direct addition with benzaldehyde gives alcohol D.
Treatment with HCI converts alcohol to chloro derivative E.
Step 4: Final conclusion.

C = phenyl substituted alcohol

E = chloro derivative

Hence correct option:

Quick Tip: Grignard reagents add to aldehydes forming secondary alcohols when reacted with ben-

zaldehyde derivatives.
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160.

Which of the following statements about C;H;N,BF, are correct?
I. With NaF gives C4dHsF

I1. With NaNO, /Cu gives C;.HsN O,

III. On heating gives CcHF

IV. With HNO, gives C;H;NO,

(A) I, IT only

(B) IL, 111 only

(C) L, IV only

(D) 111, IV only

Correct Answer: (A)

Solution:

Concept:

Aryl diazonium tetrafluoroborate salts undergo substitution reactions where the diazonium
group is replaced by different nucleophiles.

Step 1: Reaction with NaE

Balz—Schiemann reaction:

CeHsN; BF; =5 C4HsF

Thus statement I is correct.
Step 2: Reaction with NaNO, /Cu.

Gives nitrobenzene:

CsHNO,

Thus statement II is correct.

Step 3: Heating reaction.

Thermal decomposition usually gives fluorobenzene.
Thus III is incorrect in this context.

Step 4: Reaction with HNO,.

TS LAWCET 2026 Page 346 of © Collegedunia.com



Direct nitration is not characteristic transformation of diazonium BF, salt.
Thus IV incorrect.

Step 5: Final conclusion.

Correct statements:

1,11

Hence:

Quick Tip: Balz-Schiemann reaction is the standard method to convert diazonium salts into aryl

fluorides.
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