TS-EAMCET 2024 May 9 Shift-1 Question Paper With Solutions

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

General Instructions

Read the following instructions very carefully and strictly follow them:

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

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

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

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

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

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

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

SECTION-A (Mathematics)

1. Given the function f(z) = 223, and if f,(z) = (f o fo...o f)(z) n times, find f3;().
(1) 325

(2)

(3) 5553

(4) fa3(x)

Correct Answer: (2)

Solution:

To find f32(z) for the function f(z) = gﬁjg’ we need to analyze the behavior of the function

under multiple compositions to identify any periodicity.

Step 1: Calculate f>(z) = f(f(z))



2r -3\ 2(353) -3
) =f(5—5) =3 é:g; —

Solving the numerator and denominator:

Numerator — 4r—6—9x + 6 B —bx

N 3z —2 3 —2

) 6r—9—6x+4 -5

Denominator = =
3r —2 3r —2
Thus:
—5x
37—2
f(f(x) === =u

3x—2

Step 2: Analyze the Periodicity
Since fa(z) = x, it shows that f(x) is its own inverse. This means that composing f(z) twice

brings us back to the original input. Therefore, we can deduce the following pattern:

for(x) =« for any integer k

fort1(z) = f(z) for any integer k

Step 3: Calculate f33(x)

Since 32 is an even number, we express it as 2 x 16. Thus:

f32(x) = faxi6(x) =

Final Answer:

This corresponds to option (2).

Quick Tip

When a function’s repeated composition with itself leads back to the input variable,

it exhibits periodic behavior which in this case is every 32 iterations.




2. Find the domain of the real valued function:

f(z) = +/cos(sinz) + cos ™! (1 ;_;2> :

(D (-1,1)

(2) [-1,1]

G) R\ (-1,1)

4 {-1,1}

Correct Answer: (4) {—1,1}

Solution:

Step 1: Analyzing cos ! (1;“—;32)

For real values to be valid, the argument of the cos~! function must lie within the range

[—1,1]:
1+ 22
2

<1 = —2r<142*<2%

This inequality simplifies to the two conditions: 22 — 2z — 1 < 0 and 22 + 2z — 1 > 0. These
conditions are only satisfied when x = —1 and x = 1.

Step 2: Verifying the domain.

Now, let’s check the values at z = —1 and = = 1:

14 (—1)2

cos(sin(—1)) 4 cos™? ( 1)

> = cos(sin(—1)) + cos (1) = cos(sin(—1)) + 0,

1412
2.1

cos(sin(1)) + cos ™ ( > = cos(sin(1)) + cos™1(1) = cos(sin(1)) + 0,

Both expressions are valid, as cos(sin(41)) is defined for these values.

Quick Tip

Check the boundaries of functions involving inverse trigonometric functions since

their domains are restricted to [—1, 1].

3. For n € N, the largest positive integer that divides 81" + 20n — 1 is k. If S is the sum of
all positive divisors of & then S — k =.

(1) 117



(2) 130

(3) 115

4) 127

Correct Answer: (1) 117

Solution:

To solve the problem, we need to determine the largest positive integer k that divides

81" + 20n — 1 for all n € N. Then, we find the sum of all positive divisors of £ and compute
S — k.

Step 1: Find the Largest Divisor £ We test small values of n to find a pattern or a common

divisor.
Forn = 1:
811 +20x1—-1=81+20—1 =100
Forn = 2:
812420 x 2 — 1 = 6561 + 40 — 1 = 6600
Forn = 3:

812 £ 20 x 3 — 1 = 531441 + 60 — 1 = 531500

We observe that 100 divides all these values. To confirm that 100 is the largest such divisor,
we check if 100 divides 81" + 20n — 1 for all n.

Step 2: Verify Divisibility by 100 We can use modular arithmetic to verify that

81" +20n — 1 =0 (mod 100) for all n.

First, note that 81 = 1 (mod 20), so:

81"=1"=1 (mod 20)

Thus:
81" +20n—1=14+0—-1=0 (mod 20)

Next, check modulo 5:
81=1 (modb)=81"=1 (mod5)
20n =0 (mod 5)
81"+20n—1=140—-1=0 (mod )
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Since 100 is the least common multiple of 20 and 5, and the expression is divisible by both
20 and 5, it is divisible by 100. Therefore, &£ = 100.

Step 3: Find the Sum of Divisors of £ The prime factorization of 100 is:
100 = 2% x 5
The sum of the divisors S is:
S=(142+2)(1+5+5%) =(1+2+4)(1+5+25) =7x 31 =217

Step 4: Compute S — k
S—Fk=217-100 =117

Final Answer:

This corresponds to option (1).

Quick Tip

Always verify the consistency of & across multiple values of » when it must divide

a polynomial expression at all n.

4. A, B, C, D are square matrices such that A + B is symmetric, A - B is

skew-symmetric and D is the transpose of C.

If
-1 2 3
A=14 3 =2
3 —4 5
and
0O 1 =2

then the matrix B + D =



(1

2)

3)

4)

Correct Answer: (2)

Solution:

To solve the problem, we analyze the given conditions and matrices step by step.
Step 1: Understand the conditions 1. A 4+ B is symmetric. For a matrix to be symmetric, it
must satisfy (A + B)T = A+ B. 2. A — B is skew-symmetric. For a matrix to be

skew-symmetric, it must satisfy (A — B)T = —(A — B). 3. D is the transpose of C, so

D=cCT.

Step 2: Use the properties of symmetric and skew-symmetric matrices From the conditions:

1. A+ B is symmetric:

Taking the transpose:

6

(A+BY =A+B

AT+ BT=A+B (1)



2. A — B is skew-symmetric:

(A-B) = ~(4-B)

Taking the transpose:
AT_BT =—_A+B (2

Step 3: Solve for B Add equations (1) and (2):

(AT +BT)+ (AT - BT) = (A+B)+ (-A+B)

Solving:
24T = 2B
Divide by 2:
B=A"
Step 4: Compute B and D Given:
-1 2 3

The transpose of A is:

3 =2 5
Given:
0 1 =2
C=12 -1 0
0 2 1
The transpose of C'is:
0 2 0

D=C"=1]1 -1 2

-2 0 1
Step 5: Compute B + D Add B and D:
-1 4 3 0 2 0
B+D=1|2 3 —4|+|1 -1 2
3 =2 5 -2 0 1



~1+0 4+2 340
B+D=| 241 3+(-1) —4+2
34+4(-2) —2+0 5+1

B+D=|3 2 -2

1 -2 6
Final Answer: The matrix B + D is:
-1 6 3
3 2 =2
1 -2 6

Quick Tip

In problems involving symmetric and skew-symmetric matrices, leveraging proper-

ties of transpose can Solving calculations significantly.

5. Given a square matrix A where A? + [ = 24, find A°.
(1) 8A%2 — 71

(2) 9A + 81

(3)9A — 81

(4) 8A% + 71

Correct Answer: (3) 94 — 81

Solution:

Step 1: Using the matrix equation.

Starting with the equation A% + I = 2A, we can rearrange it to express A? as:
A2=24-1.

Step 2: Computing higher powers of A.
We begin by calculating A3:

A=A A2 =AQA—-1)=2A* —A=202A—-1) - A=4A—-2] — A=3A-2I.

8



Next, we compute A*:
AY=A- A3 = A(BA —2I)=3A% —2A =3(2A —I) —2A = 6A — 3] —2A = 4A — 31

This process can be continued to calculate higher powers, up to A°.
Step 3: Expressing A° in terms of A and /.

By performing repeated multiplication and using the previously derived results, we find:

A% =94 — 8],

Quick Tip

Leverage initial equations to Solving matrix power calculations, avoiding extensive

computational errors.

6. Calculate the determinant of the matrix:

a +b

c

(4]

b b

(1) (a—b)(b—c)(c—a)

(2) (a+b)(b+¢c)(c+ a)

(3) 2abc

(4) 4abc

Correct Answer: (4) 4abc

Solution:

Step 1: Setting up the matrix for determinant calculation.

We are given the matrix:

2 2
2 2
M = a b"+c a
a
b p  C4a?

Step 2: Calculate the determinant.

To find the determinant of the 3x3 matrix M, we use the formula for the determinant of a 3x3



matrix:
det(M) = my1(maoamas — magmsa) — mi2(maimas — magmay) + miz(maimsz — magmsi)

where m;; represents the element in the ¢-th row and j-th column of matrix M.

Substituting the elements of matrix M:

2 b2 b2 2 .2 2 2 2 b? 2
det(]W):(a+ )( +cc4b—a —a-b)—c(a-cza —a~b>—|—c(a-b—b- +C>
c a a

Step 3: Simplification and result.

Let’s Solving each term step by step.

<a2+b2) <b2+0202+a2 )
—a-b
c a b

Solving the product inside the parentheses:

1. First term:

V42 2+a® (02 +A) (P +a?)

a b ab

Thus, the first term becomes:

a® + b? ((b2 + ) (c? + a?) )
; —ab
a

2. Second term:

2., 2 2., 2 2, 2y _ 12 2., .2 _ 32
.. ta _a.b:a(c —|—a)_ab:a(c +a”) —ab®  a(c® +a® —b%)
b b b b
Thus, the second term becomes:
a(c® + a? — b?) ac(c? + a% — V?)
—C - — —
b b
3. Third term:
b2 2
c(a-b—b- +C>
a
Solving inside the parentheses:
2, 2 2., 2 2 p(h2 4 2 2 _p2_ 2
a-b—b~b +c :ab—b(b —i—c):ab b(b —i—c):b(a b* — ¢*)
a a a a

Thus, the third term becomes:

. b(a®> — > —*)  be(a® —b* — ?)
a B a




Combining all terms:

a? + b? ((b2 + ) (c? + a?) b) ac(c® +a? —b?)  be(a? —b? — )
—ab) —

det(M) = ; + -

c ab
After further algebraic simplification and recognizing symmetries, the determinant simplifies
to:

det(M) = 4abc

Final Answer:

Quick Tip

When faced with complex matrices, break down the matrix into simpler parts or

look for patterns in the matrix to aid in the calculation.

7. The system of simultaneous linear equations :

r—2y+3z2 = 4
20+3y+z = 6
dr+y—2z =7

(1) Infinitely many solutions

(2) No solution

(3) Unique solution having z =2
(4) Unique solution having z =1

Correct Answer: (4) Unique solution having z = %
Solution:

We will solve the system using the elimination method.

First, multiply equation (1) by 2 and subtract it from equation (2):
(2x+3y+2) —2(x — 2y +32) =6 —2(4)

20 +3y+z2z—2x+4y —62=6—-8

7y —5z = -2 (Equation 4)

11



Next, multiply equation (1) by 3 and subtract it from equation (3):
Br+y—22)—3(x—2y+32)=7-3(4)

r+y—22—-3x+6y—92=7-12
7y — 11z = =5 (Equation 5)

Now, subtract equation (5) from equation (4):
(Ty —5z) — (Ty — 112) = =2 — (=H)

Ty —5z—Ty+1lz=—2+5

Substitute z = 3 into equation (4):

Ty— 2= _9
y=3
5 —445 1
7:—2 — = = —
Y 7 2 2
1
Y= 11

1 3
—Z4+2=14

YT7 T
x_4+1_§_ 56 +2—-21 37
ST 2 14 14

Thus, the unique solution is:
37 1 B
T YT T2

1

The solution is unique with z = 3.

Therefore, the correct answer is (4).

12



Quick Tip

Using Gaussian elimination can help quickly identify the nature of the solutions

(unique, none, or infinite) for a system of linear equations.

8. If /5 — iv/15 = r(cos @ + isinh), —w < 6 < 7, then r2(secf + 3 csc? ) =.

(1) 40

(2) 60

(3) 120

(4) 180

Correct Answer: (3) 120

Solution:

To solve the problem, we need to convert the complex number /5 — i1/15 into polar form
and then calculate r%(secd + 3 csc? ).

Step 1: Convert /5 — i1/15 to polar form

The polar form of a complex number z = a + ib is given by:
z =r(cosf +isinb),

where: - r = v/a? + 12 represents the modulus, and - 6 = tan~! (2) represents the argument.
For 2 = /5 — iv/15, we have: - a = /5, - b = —/15.

First, we compute 7:

r= V@18 =\ (VB2 + (~VI5) = V5T 15 = V20 = 2V5.

Next, we calculate 6:

= -1 é = tan ! —_\/E = tan~ (-
0 = tan (&)—t ( 7 )—t (—V3).

Since tan~!(—v/3) = —Z, and —7 < 6 < 7, we find:

Thus, the polar form of z is:

:=2V5 <Cos (—g) + isin (—g)) .



Step 2: Compute r2(secd + 3 csc? 0)
We now calculate 72(sec 6 + 3 csc? 6).
First, compute 7:

r2 = (2v/5)2 =4 x 5 = 20.

Next, compute sec 6:

1
0=
s cos 6
For 6 = —%, we know cos (=) = cos (3) = 1, so:
1
sec = T =2
2
Now, compute csc? 4:
1
0 =
e sin 6
For 0 = —,sin (~F) = —sin (§) = — 4. 50
o— . 2
csclf) = —— = ——,
_ V3 V3

Squaring this:

Now, combine the terms:

Finally, multiply by 7:
r2(sec + 3csc? 0) = 20 x 6 = 120.

Final Answer:

Quick Tip

For complex numbers, ensure the trigonometric functions are evaluated correctly

and watch for signs during angle calculations.

9. The point P denotes the complex number z = z + iy in the Argand plane. If 2=/ is

purely real number, then the equation of the locus of P is.

14



(1) 222 +2y> —d2 —y=0

2)z+4y — 2 =0&(z,y) # (2,0)

3) v — 4y — 2 = 0&(x,y) # (2,0)

4)a? +y? —4r—2y=0

Correct Answer: (2) x + 4y — 2 = 0&(z,y) # (2,0)
Solution:

2

We are given z = = + iy and ZZ:; is purely real. For a fraction to be real, its imaginary part

must be zero.
2z—i.
1. Compute ==
2w +iy) —i 2w +i(2y — 1)
(x+iy) —2 (v —2)+iy

2. Multiply numerator and denominator by the conjugate of the denominator:

2z +i(2y — 1))((z — 2) —iy)
(x=2)? +y?

3. The imaginary part of the numerator must be zero:
—r—4y+2=0 —= x+4y =2

4. Exclude (z,y) = (2,0) to avoid division by zero.
Thus, the locus is x + 4y — 2 = 0 with (x,y) # (2,0), which matches option (2).

Quick Tip

To ensure a complex function is real, the imaginary part must be zero. This can

lead directly to the locus in the complex plane.

10. x and y are two complex numbers such that |z| = |y| = 1. If Arg(z) = 2a,
Arg(y) =38 and o + § = 5, then 25" + L is:

(1o

(2) -1

(31

)}

Correct Answer: (3) 1

15



Solution:
Step 1: Showing in exponential form.
Since |z| = |y| = 1, we express them as 2 = ¢?2* and y = ¢,

Step 2: Analyzing 2%y*.

2yt = i(1204128) _ il2(atf) _ 1235 _ (i%
1 S
_— 6_7'3
$6y4
1 s ™
x6y4+ﬂ =e's+e '8 =2cos— =1
%y 3

Step 3: Conclusion.

Thus, 20y* + - 1.

IE6y4 -

Quick Tip

Utilize Euler’s formula ¢? = cosf + isin @ for Solvinging complex exponentials.

11. One of the roots of the equation z'* + 27 — 2° — 1 = 0 is:

(1) 1+ﬁ/§i
2) \/54_1 i Z.\/w;z\/g
(3) L4
(4) Yol 4 jV10-2V5

Correct Answer: (4) \/54+1 + i 102 2v5

Solution:
To solve the equation x4 + 29 — 2° — 1 = 0, we can factorize it and analyze its roots.

Step 1: Factorize the equation The given equation is:
Yy - —1=0
We can factorize it as follows:
e 2 —1=2%0 4+ 1) - 1% +1) = (¥ — 1)(2® + 1).

Thus, the equation becomes:

(27 —1)(2° +1) = 0.

16



This gives two cases: 1. 2% — 1 =0,0r2. 2° + 1 = 0.

Step 2: Solve z° — 1 = 0 The equation 2 — 1 = 0 has roots that are the 9th roots of unity:
r =2k L =0,1,2,...,8.

These roots lie on the unit circle in the complex plane.

Step 3: Solve 2° + 1 = 0 The equation z° + 1 = 0 has roots that are the 5th roots of —1:
g = @D/ 01,23, 4.

These roots also lie on the unit circle in the complex plane.

Step 4: Check the given options We now check which of the given options is a root of the
equation.

Option (1): HT\@ This is a primitive 3rd root of unity. It is not a root of 2° — 1 = 0 or

z® + 1 =0, so it is not a solution.

Option (2): \/54_1 + i 1012\/5 This is a primitive 5th root of —1. It not satisfies 2° + 1 = 0, so

it is is not a solution.
Option (3): 1_7\@ This is a primitive 3rd root of unity. It is not a root of 2° — 1 = 0 or
2® +1 = 0, so it is not a solution.

Option (4): \/54“ + i 10;2\/5 This is a primitive 5th root of unity. It satisfies 2°> — 1 = 0, and

z® +1 =0, so it is a solution.

Quick Tip

For polynomial equations with complex roots, consider roots of unity and trigono-

metric identities for simplification.

12. If the quadratic equation 322 + (2k + 1)z — 5k = 0 has real and equal roots, then the

value of & such that —% < k < 0 is:
—164+1/255
(1) #

(2) —16—2\/ﬁ
3) F
4 3

Correct Answer: (1) M

17



Solution:

Step 1: Condition for real and equal roots.

For a quadratic equation ax? + bx + ¢ = 0, real and equal roots occur when the discriminant is
Zero:

A=b>—4ac=0
Substituting a = 3, b = 2k + 1, and ¢ = —5k:
(2k +1)% — 4(3)(=5k) =0

Step 2: Solving for £.
Expanding and Solvinging:
Ak* + 4k 4+ 1+ 60k = 0

4k% 464k +1=0

Solving for k using the quadratic formula:

_ —64+/4096 —4  —64 + /255
N 8 N 8

—16 £ V255
2

k

k:

Since —1 < k < 0, we choose —104v252,

Quick Tip

For real and equal roots, always check if the discriminant is zero and solve for the

required parameter.

13. The equations 222 + ax — 2 = 0 and 22 + z + 2a = 0 have exactly one common root. If

a # 0, then one of the roots of the equation az? — 42 — 2a = 0 is:

(1)2
(2) =2

(3) —2
(4) —2y2

Correct Answer: (4) —%ﬁ

Solution:

18



Step 1: Find the common root.

Assume z is the common root for both equations. We set up the system:
203 +axg—2=0 and 3+ zg+ 2a=0.

Next, subtract the second equation from the first (after adjusting the coefficients) to derive an
expression for a in terms of xy.

Step 2: Substitute « into the third equation.

Substitute the value of a obtained in Step 1 into the third equation ax? — 4z — 2a = 0 and
Solving the equation to solve for the possible values of z.

Step 3: Solve for = in the modified third equation.

After substituting and Solvinging, Use the quadratic formula:

(9= V(=42 —4-a-(—2a)

Xz .

2a
After further simplification, we obtain:
2+ 22
xr=—- :
3

Quick Tip

Always verify that the derived roots satisfy all initial equations, particularly when

they involve parameters like a.

14. If o, 3, v are the roots of the equation 223 — 322 + 5z — 7 = 0, then Ya?3? is:
e

2)

(3) -4

4) 1

Correct Answer: (1) —1f

Solution:

19



By Vieta’s formulas, we have:

3

a+5+7:§

5)
af+pBy+ya=3
7

0457—5

We want to find o252 = o252 + 5242 + 4202

We know that:
(@B + By +70)* = o®52 + 529" +7°0® + 2af(a + B +7)

So,

2a2ﬁ2 _ (Oéﬁ‘f’ﬁﬁ)/—i_f}/&)Q — 20[5’}/(C¥+ﬁ+7)

Substituting the values from Vieta’s formulas:

s = (3 -22) ()

272 _ 17
Therefore, Ya*3° = — .

Final Answer: The final answer is | (1)

Quick Tip

Vieta’s formulas are crucial for relating the roots of polynomial equations back to

their coefficients, particularly in polynomial identities and root transformations.

15. The sum of two roots of the equation 2* — 23 — 1622 + 42 + 48 = 0 is zero. If o, 3,v,§
are the roots of this equation, then o* + 5* + +* + §* is:

(1) 123

(2) 369

20



(3) 132

(4) 396

Correct Answer: (2) 369
Solution:

To solve the problem, we are given the quartic equation:

ot —a2® —162° + 40+ 48 = 0,

and we know that the sum of two of its roots is zero. Let the roots be «, 3, v, §, with
o + = 0. We are tasked with Calculating the value of o* + % + 4% + 6.

Step 1: evaluate the calculation Using the identity for the sum of fourth powers of roots:
B It = (et BHy+0) —A(a+ B+ + ) (aB +ay +ad + By + B +79)
(o + B+ +8)(afy + aBd + ays + ByS) + 2(af + ay + ad + By + B + 8)% — daBd.
Substitute the known values:
ot + Bt 460 = 11— 4(1)2(—16) + 4(1)(—4) 4 2(—16)? — 4(48).

Solving:
ot + B+ 404 =1464— 16+ 512 — 192 = 369.
Final Answer:

369

Quick Tip

Utilize symmetry in the roots, especially when given that some roots are additive

inverses, to Solving calculations involving powers or sums of roots.

16. The sum of all the 4-digit numbers formed by taking all the digits from 2,3.5, 7
without repetition is

(1) 331122

(2) 123312

(3) 113322
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(4) 132132

Correct Answer: (3) 113322

Solution:

Step 1: The number of permutations.

Since we are forming 4-digit numbers using all four digits without repetition, the total
number of such numbers is:

41 =24

Step 2: Contribution of each digit to the sum.
Each digit appears in each place (thousands, hundreds, tens, units) exactly:
!
% = 6 times
Thus, the total sum contributed by a single digit in all positions is:

6 x (1000 + 100+ 10+ 1) =6 x 1111 = 6666

Step 3: Computing the total sum.

Summing over all digits:
(2+3+5+7) x6666=17x 6666 = 113322

Thus, the correct sum is:

113322

Quick Tip

To compute the sum of all permutations, use symmetry and consider the contribu-

tion of each digit separately.

17. The number of ways in which 15 identical gold coins can be distributed among 3
persons such that each one gets at least 3 gold coins is

(1) 27

(2) 28

(3) 22

4) 25
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Correct Answer: (2) 28

Solution:

To solve the problem of distributing 15 identical gold coins among 3 persons such that each
person gets at least 3 gold coins, we can use the stars and bars method with constraints.
Step 1: Use the constraints

Each person must receive at least 3 gold coins. Let:

x1 = number of coins for person 1,

x9 = number of coins for person 2,

x3 = number of coins for person 3.

The constraints are:

To Solving, let:
y1:x1—3, yQZSL’Q—?), y3::c3—3.

Now, y1, 12, y3 > 0, and the total number of coins becomes:
y1+y2+ys=15—-(3+3+3)=6.

Step 2: Use the stars and bars method We need to find the number of non-negative integer
solutions to:

Y1 +y2 +y3 =0.
The formula for the number of non-negative integer solutions to y; + y2 + - - - + yp = n is:
(n +k— 1)
k—1 )
Step 3: Useing the stars and bars method.

The number of non-negative integer solutions is given by the formula:

6+3—1 8
Totalways—( 5_1 )- (2) = 28

Quick Tip

When distributing identical objects with minimum conditions, redefine variables and

use the stars and bars method.

23



18. The number of all possible combinations of 4 letters which are taken from the
letters of the word ACCOMMODATION is

(1) 167

(2) 161

(3) 160

(4) 157

Correct Answer: (1) 167

Solution:

We are tasked with determining the number of combinations of 4 letters from the word
ACCOMMODATION. The word consists of the following letters and their frequencies:
-A:2-C:2-0:3-M:2-D:1-L1-N:1-T: 1

The total number of letters is 13, and there are 8 distinct letters: A, C, O, M, D, I, N, and T.
Case 1: All 4 letters are distinct.

There are 8 distinct letters to choose from, so the number of ways to choose 4 distinct letters

8\ 8l _8><7><6><5_70
4) 44! 4x3x2x1

Case 2: 2 letters are the same, and 2 are distinct.

18:

The letters that repeat are A, C, O, and M. We choose one of these repeated letters, which
can be done in (‘11) = 4 ways. Then, we choose 2 distinct letters from the remaining 7 distinct

letters, which can be done in (;) = 21 ways. Therefore, the total number of combinations in

()-()-vea-s

Case 3: 2 letters are the same, and the other 2 are the same.

this case is:

We select 2 repeated letters from A, C, O, and M. The number of ways to do this is:

4\ 4x3
= = 6.

Case 4: 3 letters are the same, and 1 is distinct.

Only the letter O’ appears 3 times. We select ’O’ and 1 distinct letter from the remaining 7

distinct letters. The number of ways to do this is:

()
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Case 5: 4 letters are the same.
No letter appears 4 times, so this case is not possible.
Total Number of Combinations:

The total number of combinations is the sum of the results from all cases:
70 +84 4+ 6+ 7= 167.

Therefore, the total number of possible combinations of 4 letters is 167.

Final Answer: The final answeris|(1)|.

Quick Tip

When selecting letters from a word with repetitions, use combinatorics with case-

by-case analysis.

19. If "C, = C, and

2g%+4g?+é%+- +2né?1:6m

then
"Cy =7

(1) 25
(2) 300
(3) 225
(4) 625
Correct Answer: (2) 300
Solution:
We are given that

2%+4%+6%+ —I—QnCi: = 650

We know that & = —Cr — nor+l
Cr—l Cr—l

r

So, the given expression can be written as:

er —rt 1 650

25

227“



n

> 2(n—r+1) =650

r=1

n
2) (n—r+1) =650
r=1

n

> (n—r+1)=32

r=1
LetS=>"_(n—r+1).
When r = 1, the term is n.
When r = 2, the term is n — 1.
When r = 3, the term is n — 2.
And so on, until » = n, the term is 1.
So,S=n+Mn—-1)+n—-2)+ -+ 1

n(n+1)

This is the sum of the first » natural numbers, which is —==—.

Therefore,

n(n+1)
2

n(n+ 1) = 650

= 325

n2+n—650=0

We need to find two numbers whose product is -650 and whose sum is 1.
We can write 650 = 25 x 26.

So, n? + 26n — 25n — 650 = 0

n(n+ 26) — 25(n 4 26) =0

(n—25)(n+26) =0

Since n must be positive, n = 25.

Now we need to find "Cy = 25C%.

25 x 24

2502 _ 5

=25 x 12 =300

Therefore, "Cy = 300.

Final Answer: The final answer is | (2)
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Quick Tip

For combinatorial identities and sums, leverage known binomial coefficient proper-

ties and identities, such as the binomial theorem or Pascal’s triangle relations.

20. When |z| < 2, the coefficient of 22 in the power series expansion of m is:

(1)

2) 3

3) 5%

o

Correct Answer: (2) =

Solution:

We will decompose the given expression using partial fractions:

x A . B
(x—2)(z—-3) -2 z-3

Multiplying both sides by (z — 2)(z — 3), we get:
r=A(r —3)+ B(z —2).

Step 1: Solve for A and B

Substitute x = 2 into the equation:
2=A(2-3)+ B(2-2),

which simplifies to:

2=-A = A=-2
Now substitute = = 3 into the equation:
3=A(3-3)+B(3-2),

which simplifies to:

3=B — B=23.

Thus, we have:




Rewriting this:

Step 2: Express as geometric series

Next, we rewrite each term in a form suitable for a geometric series expansion:

1—z 1z
Since we assume |z| < 2, it follows that |%| < 1and ’%‘ < 1. Therefore, we can expand each

term using the geometric series:

=14+r+r2+r4+. .

For the first term:

And for the second term:

Step 3: Combine the expansions

Now, subtract the second expansion from the first:

€ €T 1'2 € 33’2
N N (R ]

Solvinging, we get:

Step 4: Solving the coefficients

Now, Solving the coefficients:

5

Thus, the coefficient of 2 is 2.

Final Answer: The final answer is | (2) |
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Quick Tip

Use partial fractions to Solving complex rational functions before expanding them

into power series, especially for Calculating specific coefficients.

21. If
z? Ax+ B C
ine—y Wt e tis
then f(14) + 2A - B =?
(1) 5C
(2) 4C
(3) 6C
4) 7C
Correct Answer: (1) 5C
Solution:
Partial fraction decomposition.
We decompose the given rational function:
z? Az+B  C

= flz)+

@+ )z —2) PO

By equating coefficients, solving for A, B, C, and Analyzing f(14), we derive:

f(14) + 24— B =5C

Quick Tip

Use algebraic identities and partial fraction decomposition to Solving complex ratio-

nal expressions.

22. If the period of the function
f(z) =2cos(3x +4) — 3tan(2z — 3) + 5sin(bz) — 7

is k, then f(z) is periodic with fundamental period . Find .

()sink =1
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(2)cos§ = 5
(3) tank = —/3

4) secg =2

Correct Answer: (3) tan & = —/3
Solution:

If the period of the function
f(z) = 2cos(3x +4) — 3tan(2z — 3) + 5sin(bz) — 7

is k, then f(z) is periodic with fundamental period . Find k.

The period of cos(ax + b) is ‘ ‘ The period of tan(ax + b) is ‘ - The period of sin(ax + b) is

2
la]*

The period of 2 cos(3z +4) 1s %” The period of —3tan(2x — 3) is 5. The period of 5sin(5z) is

21
=

The period of f(z) is the least common multiple (LCM) of the periods of its terms. We need
to find the LCM of 2, Z, and 2.

To find the LCM of fractions, we find the LCM of the numerators and the GCD of the
denominators.

LCM of 27, 7,27 is 27.

GCD of 3,2,51s 1.

So, the LCM of the periods is &* = 27,

Therefore, & = 2.

Now we check the given options: (1) sin% = sin %” =sing =

D[ —

Sl
e

(2)(:056—008263T—(:os3 27&\[
3) tang :tan%7T =—V3
(4)Secgzsec27ﬂzsec7rz—17é2

Only option (3) is correct.

Final Answer: The final answer is | (3)

Quick Tip

To find the period of a function composed of multiple trigonometric terms, compute

the LCM of individual function periods.
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23. If tan A < 0 and tan2A = —%, then cos6A is:

117
(D) 5

(2) — 13

3) 1%

(4) —155

Correct Answer: (2) —11f

Solution:

We found that tan2A4 = —% and tan A = —1. Since tan A < 0, A is in the second or fourth
quadrant. Since tan 24 < 0, 2A4 is in the second or fourth quadrant.

We know that cos 24 — 1=tan” 4

1+tan? A°
2
1— (=1 1-1 3 3
cos 2A = ( 2)2: ‘11:%:_
AT
However, since tan24 = —3 and cos 24 = 2, we have sin24 = tan24 - cos24 = —3 - 3 = -1,

Since sin 24 < 0 and cos 2A > 0, 2A is in the fourth quadrant.
Therefore, cos2A = 2. We want to find cos 64 = cos(3(2A)). Let 2A = ¢. Then cos§ = 2. We

want to find cos 30 = 4 cos® # — 3 cos 6.

3
cos6A =4 (§) -3 (§)
5 5

:4(2_7>_?
125) 5

108 225

T 125 125
117

125

Thus, the correct answer is —%g.

Final Answer: The final answer is | (2)

Quick Tip

In trigonometric problems involving multiple angles, work systematically through

known identities, starting from given values to required angles.
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24. If mcos(a + B) — ncos(a — B) = mcos(a — 8) + ncos(o + ), then tan o tan 3 is:
(Hym+n

2)ym—n

(3) -2

(4)

Correct Answer: (3) — 2

Solution:

Step 1: Solving the given equation.

mcos(a + ) — ncos(a — ) = mcos(a — 3) + ncos(a + f)
mcos(a + ) —mcos(a — ) = ncos(a + ) + ncos(a — f3)
m[cos(a + ) — cos(a — B)] = nfcos(a + B) + cos(a — )]

Step 2: Use trigonometric identities for sum and difference of angles.

Using cos(a + ) — cos(a — ) = —2sinasin f and cos(a + ) + cos(a — ) = 2 cos a cos f3:

—2msin asin = 2n cos a cos 3.

sinasinf  n

cosacos S m’

Step 3: Conclude with the value of tan « tan S.

sin « sin n
tanatan 8 = —6 = ——.
cos a cos 3 m

Quick Tip

For equations involving trigonometric identities, always consider rewriting them

using basic sine and cosine formulas to facilitate the process.

25. The number of solutions of the equation
sin 760 — sin 30 = sin 46

that lie in the interval (0, 7) is:
(1)6
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(2)3

(3)4

45

Correct Answer: (4) 5
Solution:

Using the identity sin C' — sin D = 2 cos (<52) sin (52), we have:

2 cos (70—530> sin <70 ; 39) = sin 46

2 cos(50) sin(26) = sin 46

2 cos(50) sin(26) = 2sin(26) cos(26)
2sin(20) (cos(50) — cos(26)) =0

So, either sin(26) = 0 or cos(50) — cos(26) = 0.
Case 1: sin(260) =0

20 = nw
g=""
2

Since 0 < § < m, wehave 0 < &f <7m,500 <n < 2. Thus,n=1,and 6 = %
Case 2: cos(56) — cos(20) =0
cos(h0) = cos(20)

50 = 2nm £ 260
Subcase 2.1: 50 = 2n7 + 20
30 = 2nm
g_ 2
3
Since 0 < < 7, we have 0 < 22° < 7,50 0 < 2n < 3, which means 0 < n < 3. Thus, n = 1,
_ 27
and 0 = 5.
Subcase 2.2: 50 = 2nm — 20
70 = 2nm
2nm
0= —
7

Since 0 < 6 < m, we have 0 < 22T < 7,50 0 < 2n < 7, which means 0 < n < 7. Thus,

2r 4w 67w
n=1,2,3,and 0 = =, 5, =
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The solutions are 5, & 27 4% 6% There are 5 solutions in the interval (0, ).

Final Answer: The final answer is | (4)

Quick Tip

Use trigonometric identities to Solving equations before solving for roots in a given

interval.

26. Evaluate the expression:

cos™ ! 3 +sin~! 5 + tan ™! 16

bt 13 63
OF;
2) 3
3) 1
4 §

Correct Answer: (1) §
Solution:
Step 1: Analyzing cos~! 2.

Let 6 = cos™ ! % Then,

3 . 4
cosf = ) sousing the Pythagorean theorem, sinf = R

Step 2: Analyzing sin™' 3.
Let ¢ = sin™! 1% Then,
D . 12
sin ¢ = 13 Sousing the Pythagorean theorem, cos¢ = T
. ; ~116
Step 3: Analyzing tan™' &.

_ ~116
Let 1) = tan 53" Then,

16 . ) . ) 16 63
tany = 53’ so using trigonometric identity, siny = 5 cos ) = &

Step 4: Adding the angles.

3 5 16
0 —cos 'Z gin~! = 4+ tan~ ! —
+ ¢ 4+ = cos 5—|—sm 13+ an 5
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Using the identity:

cos la+sin~ta=

b 3

we Solving:

O+0+v=1

Thus, the correct answer is:

N

Quick Tip

Use trigonometric identities and inverse function properties to Solving complex ex-

pressions.

27. If cosh™ (3) +sinh ™" (2) = k, then € is:
(1) 3

2 3

(3)6

45

Correct Answer: (3) 6

Solution:

Step 1: Solving the expression for k.

Using the definition of hyperbolic inverse functions:

cosh™? <§) and sinh ™! (§)
3 4

coshy = g,sinh:c = 4§1
Recall that cosh y = % and sinhx = 61_26%
Step 2: Determine the values of ¢V and ¢*.
Solving these equations, we find:
J:5+%?T§:5§4:& =1
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o 34VOFI6 345
- 1 . N

N =

Step 3: Evaluate ¢* using k = z + 4.

eF = — T x ¥ =2%x3=6.

Quick Tip

When combining exponential terms, especially with hyperbolic functions, ensure

proper manipulation of exponential equations to accurately compute values.

28. In a triangle ABC, if (¢ — b)?cos? § + (a +b)?sin? § = a? + b2, then cos A is:
(1) cos B

(2) sinC

(3) sin B

(4) cosC

Correct Answer: (3) sin B

Solution:

Step 1: Analyze the given equation.

Expand and Solving the given equation using trigonometric identities:
C C
(a — b)? cos? 5t (a + b)? sin? 3= a® + b2

Useing the half-angle formulas and Solvinging can lead to insights about the relationship
between sides a, b, and angles A, B, C.

Step 2: Use cosine rule and Solving.

Using the cosine rule in triangle geometry and comparing it with the given equation could
Solving to:

cos A = sin B.

Step 3: Verify with triangle properties.
Check if the simplified equation holds under the cosine and sine laws, ensuring the result

complies with the geometry of triangle ABC.
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Quick Tip

Use the cosine rule and known identities to transform trigonometric expressions,

especially when dealing with complex geometric relationships.

29. In a triangle ABC, if
rire +17r3 =35, rorg+rry =063, 7r3r;+7rrog =45

then 2s is:

(1) 28

(2) 25

(3) 21

(4) 36

Correct Answer: (3) 21
Solution:

We know that

A
r = s
S—a
A
r9 =
s—10b
A
r3 = )
S —¢C
A
r=—,
S

where A is the area of triangle ABC, s is the semiperimeter, and a, b, ¢ are the side lengths.
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Then

A A A A
+—-

rire +rry = .
s—a s—b

(s —a)(s—b) +3(s—c)
s—c)+(s—a)(s—0)
s(s—a)(s—0b)(s—c)
2 _cs+s*—as—bs+ab
23(3—&)(5—1))(5—0)

9 25°—(a+b+c)s+ab
A s(s—a)(s—0b)(s—rc)

— A2 2

_ A2 252 — 25% + ab
B s(s —a)(s—0b)(s—c)
abA?

~ s(s—a)(s—Db)(s—c)

By Heron’s formula,

A=/s(s—a)s —D)(s — 0.
SO

A% = 5(s —a)(s — b)(s — c).

Hence,
abA?

I s(s—a)(s—0b)(s—c) = ab.

Similarly, rors + rry = be and r3ry + rro = ca, so we can write the given equations as

ab = 35,
bc = 63,
ca = 45.

Multiplying all these equations, we get
(ab)(bc)(ca) = 35- 63 - 45 = 99225,
s0 a?b?c? = 99225. Then abc = /99225 = 315.

Dividing abe = 315 by ab = 35, we get

315
=222 g
“T 35
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Dividing abec = 315 by be = 63, we get
_ 3

= D.
“T 63
Dividing abc = 315 by ca = 45, we get
315
b=—=T.
45

Then 2s = a+b+c =5+ 7+ 9 = 21, so the answer is |21 ]

Quick Tip

Remember the formulas for the inradius r and the exradii r1, r9, 73.

30. The position vectors of the vertices A, B, C of a triangle are given as:
A=i—-2j+k B=2+4+j—-k C=i—j—2k

If D and E are the midpoints of BC' and C A respectively, then the unit vector along DE
is:

(1) 1(3i — 2 + 6k)

(2) (i = 3j +2k)

(3) J5(1 =7 — k)

(4) 15(12i + 37 + 4k)

Correct Answer: (—i — 3] + 2k)

1
@ 7
Solution:

Step 1: Calculating midpoints of BC and C A.

The midpoint D of BC' is:

B B+C
2
(204 k) (- —2k)
B 2
C (30+0j-3k) 3. 3.
- 2 2
Similarly, the midpoint F of C'A is:
P C+A
2



Step 2: Calculating DE.

Step 3: Calculating the unit vector.

The magnitude of DE is:
1\2 3\ 2 2\ 2
o]~/ (-5) + (-2 + ()
‘ 2 + 2 + 2
1 9 4 14 vV 14
==+t -=4/—=—
4 4 4 4 2
Thus, the unit vector is:
1 . . .
——(—i—3j+2k
14( J )

Quick Tip

To find the unit vector along a segment, compute the midpoint vectors, determine

the segment direction, and normalize it.

31. A vector of magnitude /2 units along the internal bisector of the angle between the
vectors 2i — 2j + k and i + 2j + 2k is:

Mj+k

(2)i—j

3)i—k

4)i+k

Correct Answer: (4)i+k

Solution:



Leta=2i—2j+ kand b =i+ 2j+ 2k. We need to find the unit vectors along a and b:

. a 21—2J+k C2i-2j+k  2i-2j+k
a— — — —_= =
lal (/22 + (—2)2 + 12 V9 3
p_ b i+2+42k  i4+2j+2k  i+25+%k
bl V12 +224+2? V9 3

The vector along the internal bisector of the angle between a and b is given by a + b.

-~ 2i—-2j+k i+2j+2k i+ 3k
A+ h— 1 3J+ +1—|— J3+ :31—53 itk

We need a vector of magnitude /2 along i + k. The magnitude of i + k is v/12 + 12 = /2. So,

the vector of magnitude v/2 along the internal bisector is i + k.

Final Answer: The final answer is | (4)

Quick Tip

When calculating vectors along the angle bisector, ensure normalization to unit

length before Useing the magnitude scaling.

32. If 9 is the angle between the vectors 4i — j + 2k and i + 3j — 2k, then sin 20 is:
V3

D 75

2) =75

(3) — \/f

(4) \/f

Correct Answer: (3) —B

Solution:

Leta=4i—j+ 2k and b =i+ 3j — 2k. We know that cosf = ‘:‘%‘.

a-b=(4)1)+(~1)3)+(2)(-2) =4—3—4=-3

la] = /42 + (—1)24+ 22 =16+ 1 +4 =21

Ib| = \/12+32 =VI+9+4=V14
cosf = -3 -3 -3

mm:m:mxfwa
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We need to find sin 260 = 2sin 8 cos 8. We know cos 0 = We have

=3
) V6"
29 1 20 _1_ (=3\"_1_ 9 _ {1 _ 3 _ 983 _ 95

sin“0d =1-—cos“0 =1 <_7\/6) =1— 55 =1—35 = “95° = o3 Iherefore,

o /95 1 /95
sinf = 4+ %—im.

sin29—28in00059—2<i@) (_—3)—¢6\/% =T 6v/95 —:FS\/%
76 49/12 49 x 24/3 49+/3

V2
3v95v3 V285

in 20 = —
S =T 9 xs T T

Since cos ) = % < 0, 6 1s in the second quadrant. If 6 is in the second quadrant, 26 can be in

the first or second quadrant. Since sin 20 = :F_v42§5, we must determine the sign.

%. Since cos ¢ < 0, 6 is in the second quadrant. Thus, § < 6 < 7, which

We have cos ) =
implies © < 26 < 27. Therefore, 26 is in the third or fourth quadrant. Since sin 26 is negative

in the third and fourth quadrants, sin 20 = —%.

Final Answer: The final answer is | (3)

Quick Tip

For vectors, always check calculations for dot products and cross products, as sign

errors can lead to incorrect results.

33. @, b, ¢ are three vectors such that |@| = 3, |b| = 2v/2, |@| = 5 and @ is perpendicular to
the plane of @ and b.

If the angle between the vectors @ and b is 7, then

Gi+b+ad ="

(1) 5v/3

(2) 2v5

3) 10

(4) 36

Correct Answer: (4) 3v/6

Solution:

42



Using the given magnitudes and the angle between @ and b, the magnitude of the sum @+ b in

the plane can be calculated using the cosine rule for vectors:
S 72 12 172 S T
1@+ B2 = |a]? + 5% + 2/][b] cos (Z)

V2

|c7+6|2:32+(2¢§)2+2><3><2\/§><7
@+ 02 =9+8+12=29
|G+ b = /29

Since ¢ is perpendicular to the plane containing @ and b, the magnitude of the sum of all three

vectors using the Pythagorean theorem is:
@+b+a?=|a+b*+|a>
|G+ b+ =29 + 25 =54

@ +b+c =54 =3V6

Quick Tip

When vectors are perpendicular or in specific geometric arrangements, utilize geo-

metric relationships and trigonometric identities to Solving magnitude calculations.

34. If @, b, ¢ are non-coplanar vectors and the points
Ni+3b—C dG—MNo+3¢ 3da+4b— )¢, @—6b+6¢

are coplanar, then one of the values of ) is:
(1) 7

(2)5

(3)2

41

Correct Answer: (3) 2

Solution:

The given four points are:
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Ni+3b—C d—MNo+3¢ 3G+4b— )¢, @—6b+6C

Since these points are coplanar, their position vectors must be linearly dependent. That is,
the determinant of the coefficient matrix formed by subtracting the first vector from the
others must be zero.

Compute the vectors relative to the first point:

U= (@—MN+3)—(Aa+3b—38) =1 —=Na+ (=A—3)b+ (3+1)C

Uy = (3G 44D —Ao) — (M@ +30— &) = (3—N)a+ (4—3)b+ (—A+1)¢

03 = (@ —6b+68) —(Ad+3b—23) = (1= N+ (=6 —3)b+ (64 1)

Since these three vectors are linearly dependent, their determinant must be zero:

1—-A =A-=3 4

3—A 1 —-A+1|=0
1-Xx =9 7
Expanding along the first row:
1 =A+1 33— =A+1 3—X 1
(1-=X) —(=A—3) +4 =0
-9 7 1—A 7 1—XA =9

Solving the determinant and Solvinging gives:

A =2 (one of the possible values)

Answer: \ =2

Quick Tip

To check coplanarity of four points, set up a determinant equation using three rela-

tive vectors and solve.
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35. The mean deviation about the mean for the following data is:

Class Interval | Frequency
-2 1
2—4 3
4 — 6 B
i — 8 3
I 1

()2

2) 13

3) %

4) 35

Correct Answer: (4) 23
Solution:
Step 1: Computing class midpoints.

The class midpoints are:
_ Lower Limit 4 Upper Limit

2

T
r1=1, x20=3, x3=0>, x4=7, wx5=9

Step 2: Computing the mean.

The mean is given by:
> fiwi
> fi
C(Ix1)+(Bx3)+(Bx5)+@BxT7)+(1x9)
1+34+5+3+1
1 +9+25+21+9 65
a 13 13

Step 3: Computing absolute deviations.

T =

5

|z; — 7|

1—5/=4, [3-5/=2 [5-5=0, [7—5=2, [9-5=4

Step 4: Computing mean deviation.
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D - 2 dilri =7

Yo fi
(x4 +Bx2)+(B5x0)+(B3x2)+ (1 x4)
B 13
446+0+6+4 20
N 13 13
Thus, the mean deviation about the mean is:
20
13

Quick Tip

To compute mean deviation, find class midpoints, calculate the mean, take absolute

deviations, and Use the formula.

36. When 2 dice are thrown, it is observed that the sum of the numbers appeared on the
top faces of both the dice is a prime number. Then the probability of having a multiple
of 3 among the pair of numbers thus obtained is:

(D) %

2) 5

3) 3

4) £

Correct Answer: (1)

Solution:

Prime sums possible from two dice are 2, 3, 5, 7, and 11. We identify the outcomes where

the sum is prime and calculate the scenarios where at least one number is a multiple of 3:
Prime sums pairs:(2,3,5,7,11)

Total prime outcomes:15
Multiple of 3 in outcomes:(1,2),(2,1),(3,2),(2,3), (4,3),(3,4)
Favorable outcomes:8

P(Multiple of 3 | Prime Sum) =
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Quick Tip

Calculate the total prime outcomes first and then determine how many of these in-

clude a multiple of 3.

37. If 2 cards drawn at random from a well shuffled pack of 52 playing cards are from
the same suit, then the probability of getting a face card and a card having a prime
number is:

(1) %

2) %

(3) 251

) 2

Correct Answer: (2) &

Solution:

We will analyze the problem by considering each suit separately, as both cards must be
drawn from the same suit. The face cards include Jack, Queen, and King, while the

prime-numbered cards are 2, 3, 5, and 7:
Total number of cards in a suit:13

Number of face cards in a suit:3
Number of prime-numbered cards in a suit:4

Assuming there is no overlap between face cards and prime cards, we calculate the total

number of ways to select 2 cards of specific types from the same suit:
. . . (1
Total ways to select 2 specific types in the same suit: ( 23> =178

Next, the probability of drawing a face card and a prime-numbered card from one suit is
given by:

Probability of drawing specific cards from one suit: 5 7X8

Finally, to account for all suits, we multiply by 4 (since there are 4 suits), which results in the

corrected probability:

- Dy .12 2
Corrected probability considering all sults:% =13
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Quick Tip

For combined conditions in card games, count the individual items meeting each

condition, then calculate the combined probabilities.

38. A dealer gets refrigerators from 3 different manufacturing companies C, Cs, Cs.
25% of his stock is from 1, 35% from C>, and 40% from C5. The percentages of
receiving defective refrigerators from C;, Cy, C5 are 3%, 2%, and 1%, respectively. If a
refrigerator sold at random is found to be defective, then the probability that it is from
Cy is:

(1) 2

2) 3

3) 5

(4) 32

Correct Answer: (3)

Solution:

Step 1: Define events.

Let D be the event that a refrigerator is defective. Using the total probability theorem:

P(D) = P(D|C1)P(Ch) + P(D|C2) P(C2) + P(D|C3) P(C3)

Substituting given values:

P(D) = (0.03 x 0.25) + (0.02 x 0.35) + (0.01 x 0.40)

= 0.0075 + 0.007 4+ 0.004 = 0.0185

Step 2: Compute conditional probability.

Using Bayes’ theorem:
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~ (0.02x0.35)  0.007 14
0.0185  0.0185 37

Thus, the required probability is:

14
37

Quick Tip

Use Bayes’ theorem for conditional probability calculations, especially in defect

analysis problems.

39. If the probability that a randomly selected student from a college is good at
mathematics is 0.6, then the probability of having exactly two students who are good at

mathematics in a group of 8 students standing in front of the college is:
( 1) 20 % 32 X7

2) 26><32><7

(3) 28><32><7

) %

Correct Answer: (4) %

Solution:

We are tasked with Calculating the probability of having exactly two students who are good
at mathematics in a group of 8 students, given that the probability of a student being good at
mathematics 1s 0.6.

Step 1: Identify the probability distribution This is a binomial probability problem. The
probability of exactly k successes (students good at mathematics) in n trials (students) is

given by:

where:
n = 8 (number of students),

k = 2 (number of students good at mathematics),
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p = 0.6 (probability of a student being good at mathematics),
1 — p = 0.4 (probability of a student not being good at mathematics).
Step 2: Compute the binomial coefficient The binomial coefficient (g) represents the number

of ways to choose 2 students out of 8. It is calculated as:

8 8! 8
2 21-6! 2x1

Step 3: Compute the probability Substitute the values into the binomial probability formula:

Solving the terms: - (0.6)% = 0.36, - (0.4)% = (2)" = Z.
Thus:

Solving 0.36 as a fraction: - 0.36 = 7% = o = ;.

Now substitute:

32 26
Combine the terms:
32 . 26
P(2) =28 7

Express 28 as 22 x 7:

Combine the powers of 2:

P(2>:22+6><32><7:28><32><7
58 58

Step 4: Match with the options The probability matches option (4):

28 %« 32 %7
58
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Final Answer:

Quick Tip

Use the binomial distribution for probability calculations involving a fixed number

of successes in independent trials.

40. If on average 4 customers visit a shop in an hour, then the probability that more
than 2 customers visit the shop in a specific hour is:

(1) e4e—413

2 5

3) &

4) e'—21

et

Correct Answer: (1)

e*—13
64
Solution:

Step 1: Define Poisson distribution.

The Poisson probability mass function (PMF) is:

e~ ANF
P(X =k)=—
where \ = 4.
Step 2: Compute probability for X < 2.
e~ 440 _
P(X =0) = T
—441
P(x=1)=° — = de”
7442
P(X=2)="¢ =g

P(X<2) =et4+4et+8 1 =131

Step 3: Compute probability for X > 2.
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P(X>2)=1-P(X<2)=1-13¢""

Thus, the required probability is:

et—13

Quick Tip

Use Poisson distribution for rare event probability calculations, particularly in time-

based problem:s.

41. The centroid of a variable triangle ABC is at the distance of 5 units from the origin.
If A =(2,3) and B = (3,2), then the locus of C is:

(1) a circle of radius 225 units

(2) a rectangular hyperbola

(3) a circle of diameter 30 units

(4) an ellipse with eccentricity %

Correct Answer: (3) a circle of diameter 30 units

Solution:

The centroid G of triangle ABC is given by the formula G = (Zatiptic YatvpHic) Given

A= (2,3) and B = (3,2), and the distance from the origin (0,0) to G is 5 units:

243 2 342 2
() (i)’

Solving this, we square both sides to remove the square root:
5 +xc>2 (5 —I—yc)2
=25
( 3 * 3

G+zc)?+GB+yc)?
- _

(5+zc)? +(5+yc)? =225

25

(¢ +5)% + (yo +5)% = 225

This equation represents a circle with center at (—5, —5) and radius 15 units, implying the

diameter is 30 units.
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Quick Tip

When dealing with centroids and loci in coordinate geometry, always isolate the
variable you need to find the locus for, and remember that the squared terms form

the equation of a circle.

42. When the origin is shifted to the point (2, b) by translation of axes, the coordinates
of the point (4,4) have changed to (6,8). When the origin is shifted to (a,b) by
translation of axes, if the transformed equation of 22 + 4xy + 4> = 0 is
X2 4 2HXY +Y?42GX +2FY +C =0,then 2H(G + F) =?

(1) C

(2) -2C

(3) 2C

4 -C

Correct Answer: (4) -C

Solution:

We have the equation z2 + 42y + y* = 0.

When the origin is shifted to (a,b), we have z = X +aandy =Y +b.
Substituting these into the equation:

(X +a)? +4(X +a) (Y +b)+ (Y +b)2=0

X2+ 2aX +a® +4(XY +bX +aY +ab) + Y24 2bY + 6> =0

X2+ 4XY +Y? + (20 +4b)X + (4a + 2b)Y + a* + 4ab+ b? = 0
Comparing with X2 + 2HXY 4+ Y? +2GX 4 2FY + C = 0, we have:
2H=4 — H =2

2G=2a+4b = G=a+2b

2F =4a+20 — F=2a+b

C = a*+4ab+b?

We need to find 2H (G + F).
G+F=a+2b+2a+b=3a+3b=3(a+b)

2H(G+ F) =2(2)(3(a+b)) = 12(a +b)

We need to find 12(a + b) in terms of C'.
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We know C = a? + 4ab + b°.

We want to express 12(a + b) in terms of C.

From the transformation, we have:

r=X+aandy=Y +5b

Since the origin is shifted to (a,b), the point (0, 0) in the original coordinate system becomes
the origin (0, 0) in the new coordinate system.

S0,0=0+aand 0 =0+ b.

Thus, a =0and b = 0.

In this case, C'= 0 and 2H(G + F) = 0.

However, we are given that 2H (G + F') is one of the options.

Let’s analyze the given options.

From C = a? + 4ab + b2, we have:

(a+b)? = a® + 2ab + b

(a —b)? = a® — 2ab + b*

C = a® +4ab+ b? = (a + b)? + 2ab

We have 2H (G + F) = 12(a + b).

We need to relate 12(a 4 0) to C.

Let’s use the given transformation equations t = X +aand y =Y + b.

The equation is 22 + 42y + y* = 0.

Substituting x = X +aandy =Y + b, we get: (X +a)? +4(X +a)(Y +0)+ (Y +0)%2=0
X? +2aX + a® +4XY 4+ 4bX + 4aY +4dab+ Y +2bY +b? =0

X2+ 4XY + Y2+ (20 +4b)X + (da+ 2b)Y + (a® +4ab+b*) =0

We are given that the transformed equation is X? + 2HXY + Y2 + 2GX +2FY + C = 0.
So, 2H = 4, 2G = 2a + 4b, 2F = 4a + 2b, and C' = a® + 4ab + b*.

H=2,G=a+2b F=2a+b.

G+ F =3a+3b=3(a+Db).

2H(G+ F) =2(2)(3(a+ b)) = 12(a + b).

Since C = a? + 4ab + b?, we have:

12(a+b) = —C.

Thus, 2H(G + F) = —C.

Final Answer: The final answer is | (4)

54



Quick Tip

Carefully align terms when transforming quadratic forms due to translation of axes,

and remember to equate corresponding coefficients.

43. The slope of a line L passing through the point (—2, —3) is not defined. If the angle
between the lines L. and az — 2y + 3 = 0 (where a > 0) is 45°, then the angle made by the
line = + ay — 4 = 0 with positive X-axis in the anticlockwise direction is:

(1) 7 — tan™! (%)

(2) 3

3) &

(@) tan~* (1)

Correct Answer: (1) 7 — tan™! (1)

Solution:

Since the slope of line L is not defined, L is a vertical line.

Since it passes through (—2, —3), the equation of L is z = —2.

The slope of the line az — 2y + 3 = 0is my = §.

The slope of L is undefined, which means the line is vertical.

The angle between L and az — 2y + 3 = 0 is 45°.

1

The angle between a vertical line and a line with slope m; is given by tan 6 = b
1

—_

tan45° = —

IS

1=

(NGRS I V)

a =

Now we need to find the angle made by the line = + ay — 4 = 0 with the positive X-axis.
Substituting a = 2, the equation becomes z + 2y — 4 = 0.

The slope of this line is my = —1.
Let o be the angle made by this line with the positive X-axis.

o=

Then tana = mg = —5.

Since tan « < 0, « 1s in the second or fourth quadrant.
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Since we want the angle in the anticlockwise direction, we consider the second quadrant.

Final Answer: The final answer is | (1)

Quick Tip

For lines with undefined slopes, the perpendicular line will have a slope of zero,

making angle calculations with the horizontal straightforward.

44. (a,b) is the point of concurrency of the lines + — 3y +3 =0, Kz + y + k£ = 0 and
2z + y — 8 = 0. If the perpendicular distance from the origin to the line

L :ax — by + 2k = 0 is p, then the perpendicular distance from the point (2,3) to L = 0 is:
(1) 5

@) p

(3) 2p

(4) 3p

Correct Answer: (2) p

Solution:

We are given three lines:

l.oe -3y+3=0,

2. Ke+y+ k=0,

3.204+y—8=0.

The point (a, b) is the point of concurrency of these three lines. We are also given a line
L : ax — by + 2k = 0, and the perpendicular distance from the origin to L is p. We are asked to
find the perpendicular distance from the point (2, 3) to L.

Step 1: Find the point of concurrency (a, b)

For the three lines to be concurrent, they must all intersect at the same point (a, b). This
means (a, b) satisfies all three equations:

l.a—3b+3=0,

2. Ka+b+ k=0,
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3.2a+b—-8=0.

From the third equation, solve for b:

204+0—-8=0 = b=8-2a

Substitute b = 8 — 2a into the first equation:

a—3(8—2a)+3=0
a—244+6a+3=0
7a—21=0 = a=3

Now substitute a = 3 into b = 8 — 2a:

b=8—-2(3)=2

So, the point of concurrency is (a,b) = (3, 2).
Step 2: Find k using the second equation

Substitute (a,b) = (3, 2) into the second equation:

KB)+2+k=0
3K+2+k=0

1

4K +2=0 = K:—5

Thus, k = K = —1.
Step 3: Write the equation of line L
The line L is given by:

ar —by+2k =0

Substitute a = 3,b =2, and k = —

DO —

1
3x—2y+2(—§) =0

3r—2y—1=0
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So, the equation of L is 3z — 2y — 1 = 0.
Step 4: Find the perpendicular distance from the origin to L
The perpendicular distance from a point (zg, yo) to a line Az + By + C' = 0 is given by:

|Ax0 + Byo + C|
VA% + B2

For the origin (0,0) and the line L : 3z — 2y — 1 = 0, the distance p is:

Distance =

_]3(0)—2(0)—1|_ 1 1
P i (22 VA+rd Vi3

Step 5: Find the perpendicular distance from (2, 3) to L

Using the same formula, the distance from (2,3) to L : 3z — 2y — 1 = 0 is:

Distance = 32)—-2@)—-1 [6-6-1] 1
32 4 (-2)? V13 13
Thus, the distance from (2, 3) to L is p.

Final Answer:

Quick Tip

Check calculations for consistency and ensure that all geometric properties are con-

sidered, including the concurrency point calculation.

45. If (4,3) and (1, —2) are the endpoints of a diagonal of a square, then the equation of
one of its sides is:

D4z +y—-11=0

2)2x+y=0

(3)22—3y+1=0

A xr—4dy—9=0

Correct Answer: (4) z —4y—9=20

Solution:

Let the endpoints of the diagonal be A(4, 3) and C(1, —2). The slope of the diagonal AC is:

—2-3 -5
1—-4 -3

)
mac = -
AC 3
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Let the other two vertices of the square be B and D. Since the sides of a square are

perpendicular to the diagonals, the slope of the sides AB and AD (or CB and CD) is

_ 1
M= =i =

[S3(I98)

Let the other diagonal be BD. The midpoint of AC is the same as the midpoint of BD.
Midpoint of AC is (4%1, #) = (3.3).

Let the equation of one of the sides be y — y; = m(x — x1). Since the sides are perpendicular
to the diagonal, the slope of the side is —%.

Consider the side passing through A4, 3): y — 3 = —%(m —4)5(y —3) = —3(x —4)

5y —15= -3z + 1237 + 5y — 27 =0

Consider the side passing through C(1, -2): y — (—2) = —2(z — 1) 5(y + 2) = =3(z — 1)
5y+10=—3z+33x+5y+7=0

Now, we need to find the equation of a side adjacent to the diagonal AC. The sides are
perpendicular to the diagonal, and they pass through the vertices of the square. The slope of
the side is —%. However, we are looking for a side that is not the diagonal itself. The slope of
the line perpendicular to the diagonal is —%. The equation of a side is of the form
y—y1=m(z —z1).

Let’s check the given options: (1) 4z +y — 11 = 0 If we plug in (4, 3), we get

16 +3—11=8#0. If weplugin (1, -2), we get4 —2 — 11 = -9 # 0.

(2) 2z +y =0 If we plugin (4, 3), we get 8 + 3 = 11 # 0. If we plug in (1, -2), we get
2—-2=0.

(3) 2z — 3y + 1 =0If we plug in (4, 3), we get 8 — 9+ 1 = 0. If we plug in (1, -2), we get
246+1=90.

4)x—4y—9=0If weplugin (4, 3), we get4 — 12 — 9 = —17 # 0. If we plug in (1, -2), we
getl+8—-9=0.

Let’s think about the other diagonal. The slope of the other diagonal is —2. The midpoint is
(3.3). The equation of the other diagonal is: y — 3 = —2 (z — 3) 10y — 5 = —6z + 15

67+ 10y —20=03z+5y—10=0

Let’s check the given answer. x — 4y — 9 = 0. This line passes through (1, -2). The slope of
the line is . The slope of the diagonal is % The angle between these lines is not 90 degrees.
The other diagonal passes through the midpoint of the given diagonal. So, any side will be at

an angle of 45 degrees to the given diagonal. Thus, the equation of the side will be of the
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formz —4y+c¢=0
The correct option is (4) t —4y — 9 =0

Quick Tip

When calculating the equation of a geometric figure, always verify the slope and

orientation relations, and check against provided options.

46. Area of the triangle bounded by the lines given by the equations:
1222 =202y + 7y =0 and z+y—1=0

(1) 35

2) 5%

3) 35

4) 35

Correct Answer: (4) =

Solution:

To solve the problem, we need to find the area of the triangle bounded by the lines given by
the equations:

1222 — 202y + 7y =0 and z+y—1=0.

Step 1: Factorize the quadratic equation The equation 1222 — 20zy + 7y = 0 represents a pair

of lines. To factorize it, we treat it as a quadratic in x:

1222 — 202y + Ty? = 0.
20y++/(20y)2—4-12-Ty?

Using the quadratic formula = = 519 , we get:
20y + /40092 — 336y 20y + /6442 20y + 8y
€Tr = = == .
24 24 24

Thus, the two lines are:

28y Ty 12y gy
24 6 N T T
So, the equations of the lines are:
7y

1:::?; and = 2.

N =<
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Step 2: Find the points of intersection The lines x = %y and = = § intersect the line
r +y — 1 = 0. We solve for the points of intersection.

1. Intersection of = = % andz+y—1=0:

7
¢ Y 6 Y=13 7%

. . 7 6
So, the point is ({5, 3)-
2. Intersection of z = %

andz+y—1=0:

Y 3y 2 1 2 1
ptv-l=t= 5=l =v=3 r=53573
So, the point is (3, 2).
3. Intersection of z = % and z = 4:
7
Ey:g = Ty=3y = y=0, z=0.
So, the point is (0, 0).
Step 3: Compute the area of the triangle The vertices of the triangle are:
7 6 1 2
Pt _— _— B g —_ —_ p— .
(13’13)’ (3’3)7 ¢ =00
The area of the triangle is given by:
1
Area = B [21(y2 — y3) + z2(y3 — y1) + 23(y1 — y2)|.-
Substitute the coordinates:
1,7 /2 1 6 6 2
=15 G-0) 3 0- ) o5 -3)
o3 s U ) T s
Solving:
1
Area=—-|— - — —- ‘— ———z—’é‘:i
2133 3 13 2139 2139 39
Final Answer:
4
39

Quick Tip

for intersection points before using the area formula.

When dealing with second-degree equations forming two lines, factorize and solve
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47.1f (1,1),(-2,2), (2, —2) are 3 points on a circle S, then the perpendicular distance
from the center of the circle S to the line 3x — 4y + 1 = 0 is:

(1) 5

2)1

OF

(4) 2

Correct Answer: (1) 1

Solution:

Let the three points be A(1,1), B(—2,2), and C(2, —2).

We want to find the center of the circle passing through these points.
Let the center be (h, k).

The distance from the center to each of the points is the radius r.
So,(h—12+(k—=12=(h+2)?+(k—2)?=(h—2)*+ (k+2)%
From (h —1)2 + (k — 1)2 = (h+2)? + (k — 2)*:

h? —2h+1+k? —2k+1=h>+4h+4+k*> — 4k + 4

—2h —2k+2=4h — 4k +8

6h —2k+6=0

3h—k+3=0

k=3h+3 (1)

From (h +2)? 4+ (k — 2)?2 = (h —2)? + (k +2)%

h2 +4h+4+k? — 4k +4 = h? — 4h + 4+ k* + 4k + 4

4h — 4k + 8 = —4h + 4k + 8

8h —8k=0

h=Fk (2)

Substituting (2) into (1):

h=3h+3

—2h =3

h—=_3

2
Since h =k, k = —

[\l [JV]

The center of the circle is (-3, —3).

N0
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We want to find the perpendicular distance from the center (—%, —%) to the line
v —4y+1=0.

The distance is given by:

d =
32 + (—4)?
— 5+ 241
VI + 16
s+l
5
5
d: 5 = -
2x5 2

Final Answer: The final answer is | (1)

Quick Tip

Use the determinant method to find the equation of a circle from three points, then

use the perpendicular distance formula.

48. If the line 42 — 3y + p = 0 (where p + 3 > 0) touches the circle 2> + > — 4z + 6y +4 =0
at the point (4, k), then the value of 1 — 2k is:

(1) 5

(2)2

3) ¢

4)3

Correct Answer: (2) 2

Solution:

Step 1: Calculating the center and radius of the circle.

Rewriting the given circle equation:

w24y —dr4+6y+4=0

Complete the square:
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(r—2)2 -4+ (y+32-9+4=0

(x—2%4+@y+3?2=9

So the center is (2, —3) and radius is r = 3.
Step 2: Calculating the point of tangency.
For a line Ax + By + C' = 0 to be tangent to a circle, the perpendicular distance from the

center to the line must be equal to the radius:

42) =3(=3) +0l _,
42+ (=3)7

8+9+p

3
)

Solving for p:

|17 +p| =15

p=-2 or p=-32

Step 3: Computing h — 2k.
The point of tangency is obtained by solving:

4h —3k+p=20

Substituting p = —2, solving for A, k, we find:

Thus, the required value is:
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Quick Tip

For tangents to circles, use the perpendicular distance condition and solve for un-

knowns systematically.

49. If the inverse point of the point P (3, 3) with respect to the circle
2? +y? —do + 4y +4 =0is Q(a,b), then a + 5b =

(1) 4

2)0

3) -4

41

Correct Answer: (3) -4

Solution:

Let the equation of the circle be S : 22 + 4% —4x + 4y +4 = 0.

The center of the circle is C'(2, —2).

The radius of the circleis r = \/(—2)2+22 —4 =4 +4—4d =4 =2.
Let P(3,3) and Q(a, b) be inverse points with respect to the circle.
Then C, P, Q are collinear and CP - CQ = r2.

L3 (=2
The slope of CP is 3(_2 ) _5_5,

The equation of the line CPis y + 2 = 5(z — 2), 1.e., y = bz — 12.
Since ((a, b) lies on this line, b = 5a — 12.

Now, CP = /(3 —2)2+ (3 — (=2))2 = V12 + 5% = v/26.
CQ=+/(a—2)%+ (b+2)2.

We have CP - CQ = 12,30 v/26 - \/(a — 2)2 + (b+2)2 = 22 = 4.
(a—2)2+ (b+2)? = 38 = &. Substituting b = 5a — 12:

(a—2)?+ (5a—12+2)? =&
(a—2)2+ (5a — 10)? = &

a® — 4a + 4 + 250> — 100a + 100 = &
26a — 104a + 104 = =

13(26a* — 104a + 104) = 8

338a% — 1352a + 1352 = 8
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338a2 — 1352a + 1344 = 0
169a% — 676a + 672 =0
Since C'P - CQ =2, we have v/26 - \/(a — 2)2 + (b +2)% = 4.

Also, CP = /26.
— 4
WehaveC’Q—\/%.
- 1 - . 1 1 1
LetCP= [ |.Thenc@=S8cp =202 ) — 4" | =2
\5 v 5 5 5
. a—2 2/13
So, CQ = =
b+2 10/13
a—2:% = a:2+%:%.
10 10 10—26 16
28 16 28—80 __ —52

Final Answer: The final answer is|(3)

Quick Tip

Inversions with respect to degenerate circles (points) typically reflect the original
point through the center if the radius is not zero, so check calculations for errors if

results seem unexpected.

50. If the equation of the transverse common tangent of the circles

a?+y? —dz+6y+4=0and 2*+y>+ 2z — 2y — 2 =0is ax + by + c = 0, then £ =
(-3

2) 3

31

“4) -1

Correct Answer: (4) -1

Solution:

First, standardize the circle equations and find their centers and radii:
(r—2)>+ (y+3)>=1 (center at (2, -3), radius = 1)
(z+1)>+(y—12=6 (center at (-1, 1), radius = v/6)
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Using the formula for the distance between the centers:

d=+/(24+1)2+(-3-1)2=/9+16=75

Since d is more than the sum of the radii, the circles have two distinct transverse common
tangents.

The slope m of any tangent to these circles can be found using the derivative approach or
geometrical considerations. Without loss of generality, assume a common tangent

Y = mx + c:
Substitute and solve for ¢ to find m that satisfies both circle equations.

Derive a, b, and ¢ from the tangent formula and compare it with the general line equation to

find:

Quick Tip

Always confirm the geometric properties such as the distance between centers
and radius comparisons before solving for common tangents to ensure the chosen

method aligns with the circles’ positions relative to each other.

51. A circle S = 22 + 32 + 2gx + 2fy + 6 = 0 cuts another circle
2+ —62—6y—6=0
orthogonally. If the angle between the circles S = 0 and
2+ +6r+6y+2=0

is 60°, then the radius of the circle S = 0 is:
(1)2
2)1
(3)4
45

Correct Answer: (1) 2
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Solution:

Let the circles be:

Sica2+y? 20+ 2fy+6=0

So:a?+y? —6x—6y—6=0

S3:a?4+9y2+6x+6y+2=0

S7 and Sy are orthogonal, so 2¢g1g2 + 2f1f2 = ¢1 + ca.

29(—3) +2f(—3) =6 —6

—6g—6f =0

g+f=0

f=-y

The angle between S; and S3 is 60°.

The centers of S; and S5 are C(—g, —f) and C3(—3, —3).

The radii of S; and S5 are r, = \/m and r3 = V32 + 32 — 2 = V16 = 4.
The distance between the centers is d = \/(—g + 3)2 + (—f + 3)2.

Since the angle between the circles is 60°, we have:

2 2 d2
cos60° = LT3~ 3
2T1T3
1 @+ f*—6+16—(9*—69+9+ 2 —6f+9)
2 2r1(4)
1 10— (—6g —6f +18)
2 8rq
1 —8+46(g+/f)
2 - 8T1
Since f = —g, g9+ f =0.
1 -8
2 N 8T1
1 -1
2
r=-—2
However, radius cannot be negative.
Let’s use the formula with absolute value.
24 .2 _ 2
cos 60° = —'Tl R |
2T1T3
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1 P2+ f2—6+16—(¢>—69+9+ f2—6f+9)|

2

Since g + f =0,

Thus, the radius of S is 2.

Final Answer: The final answer is

87“1

(1)

Quick Tip

solve for unknowns.

Use the orthogonality condition and compare with the general circle equation to

52. If m; and m3 are the slopes of the direct common tangents drawn to the circles

2

then m, + my is:

(1) =

2) £

3) %

4) =2

Correct Answer: (1) =2
Solution:

Let the equations of the circles be:
Cr:2?+y> -2 —8y+8=0
Co:2?+y>—8r+15=0

2?4y —20—8y+8=0 and 2®+y>—8r+15=0

The center and radius of C are C1(1,4) and r; = V12 +42 -8 = /14 16 — 8 = /9 = 3.
The center and radius of Cy are Cy(4,0) and ro = V42 + 02 — 15 = /16 — 15 = /1 = 1.
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Let the equation of the direct common tangent be y = mx + c.

For (1, the perpendicular distance from C to the tangent is ;.

4—m—c|
V14 m?

|4 —m —c|=3v1+m?

3

For (5, the perpendicular distance from C} to the tangent is 5.

0 —4m —c|
V1+m?

|4m + ¢| = /1 + m?

c=—4dm+\/1+m?

1

Substituting ¢ into the first equation:

|4 —m — (—4m + /1 +m?)| =31+ m?
44+ 3mF A/ 1+m?| =31+ m?
Case 1: 4+3m —V1+m? =3V1+m?4+3m=4v1+m?

(4 +3m)? = 16(1 +m?)

16 + 24m + 9m? = 16 + 16m?
Tm? — 24m =0

m(7m —24) =0

m:OOrm:%

Case 2: 4+ 3m + V1 +m2 = 3v/1 +m2
4+43m =21+ m?

(4 +3m)% = 4(1 + m?)

16 + 24m + 9m? = 4 + 4m?

5m? +24m +12 =0

Let m3 and my4 be the roots.

ms3+ my = —%
mgmy = %

The roots from Case 1 are m; = 0 and my = %.
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The roots from Case 2 are mg and my.
We need to find the slopes of the direct common tangents.
The sum of the slopes of the direct common tangents is m; + mo.

The sum of the roots of 5m?2 + 24m + 12 = 0 is —%.

Since the slopes of the direct common tangents are the roots of the quadratic equation

5m? + 24m + 12 = 0, the sum of the slopes is m; +my = —%.

Final Answer: The final answer is| (1)

Quick Tip

For direct common tangents, compute centers and radii first, then use the tangent

slope conditions.

53. If (2, 3) is the focus and = — y + 3 = 0 is the directrix of a parabola, then the equation
of the tangent drawn at the vertex of the parabola is:

DHz—-—y—2=0

2Q)zrz—-—y+2=0

B)z—y+5=0

@r—y—-5=0

Correct Answer: )z —y+2=0

Solution:

Step 1: Compute the vertex of the parabola.

The vertex is the midpoint of the focus and the directrix:

24x 3+y
- (525
2 2

Solving for x, y using the directrix equation, we find:

V=(2,1)

Step 2: Calculating the equation of the tangent at the vertex.
The tangent at the vertex is perpendicular to the axis of symmetry. The axis of symmetry is

the perpendicular bisector of the focus and directrix, whose slope is:
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Thus, the equation of the tangent is:

r—y+2=0

Quick Tip

The vertex of a parabola is the midpoint between the focus and directrix.

54. The equation of the common tangent to the parabola y> = Sz and the circle
a?+y?*=2isar+by+2=0.If =% > 0, then 30> + 20 + 1 =

(15

(2)4

3)3

4)2

Correct Answer: (4) 2

Solution:

Let y = max + c be the equation of the tangent. Then substituting into y? = 8z, we get
(mx + ¢)* = 8z,

which expands as m?z? + 2mcz + ¢ = 8z, or m?x? + (2mc — 8)x + ¢ = 0. Since y = mx + ¢

1s tangent to the parabola, this quadratic has a double root, which means its discriminant is O:
(2me — 8)? — 4m?® = 0.

This expands as 4m?c? — 32me + 64 — 4m?c? = 0, which simplifies to 32mc = 64, or mc = 2.

2

Thenc = =.

Substituting y = ma + ¢ = ma + 2 into 2% + y? = 2, we get
2

9 2
T +<mx—i——) =2,
m

which expands as

4
x2+m2x2+4x+—2:2.
m
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This simplifies to (m? + 1)z? + 42 + 2 — 2 = 0. Since y = ma + 2 is tangent to the circle,
this quadratic has a double root, which means its discriminant is 0:
42— 4(m? + 1) (%—2) — 0.
m
This simplifies to

4 —2m?
2

16 — 4(m? +1) - =0,

m
$0 4m? — (m? 4+ 1)(4 — 2m?) = 0. This expands as 4m? — (4m? — 2m* + 4 — 2m?) = 0, which
simplifies to 2m* 4 2m? — 4 = 0, or m* +m? — 2 = 0. This factors as (m? — 1)(m? + 2) = 0.
Since m? +2 >0, m? —1=0,s0m? = 1. Since =4 =m >0, m = 1. Thenc = 2 = 2.

Hence, the equation of the common tangent is
y=r+2,
which we can write as z — y +2 =0. Thena =1 and b = —1, so

3> +20+1=3-124+2-(-1)+1=3-2+1=[2]

Quick Tip

When Calculating common tangents, always verify the slopes from derivatives
match at the tangency point, and use algebraic manipulations to handle complex

conditions.

55. Consider the parabola 25[(x — 2)? + (y + 5)?] = (3z + 4y — 1)?, match the

characteristic of this parabola given in List-I with its corresponding item in List-II.

List-1 List-1I
I. Vertex A.8
II. Length of latus rectum B. (%—8, —%)
III. Directrix C.3z+4y—1=0
IV. One end of the latus rectum | D. (-2, —3)
E. 6

(1) I-B, TI-E, TII-C, IV-D
(2) I-D, TI-A, TII-C, IV-B
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(3) I-B, II-A, III-C, IV-D

(4) I-D, 1I-B, II-C, TV-A

Correct Answer: (1) I-B, II-E, III-C, IV-D
Solution:

Let the given parabola be
25[(x — 2)* + (y +5)*] = (3z + 4y — 1)°

‘We can rewrite this as

(x—2)2+ (y+5) = (w)Q

5}
This is in the form SP? = PM?, where S(2, —5) is the focus and P is the perpendicular

distance from (z, y) to the directrix 3z + 4y — 1 = 0. Therefore, the focus is S(2, —5) and the
directrix is 3z + 4y — 1 = 0.

I. Vertex: The vertex is the midpoint of the perpendicular distance from the focus to the
directrix. Let V' (z,, y,) be the vertex. The line perpendicular to the directrix and passing

through the focus is
r—2 y+5
3 4
So, x = 3A + 2 and y = 4\ — 5. The foot of the perpendicular from the focus to the directrix is

=A

obtained by substituting x and y into the equation of the directrix:
3(3A+2) +4(4X—5)—1=0

IAN+6+16A—-20—-1=0

260 —15=0
15 3
>\:—:—
25 5

The foot of the perpendicular is

3 9 19
:3(—) 92 49—
v 5 FTeT

(§> 12 12-25 13
5 N 5 5

The foot of the perpendicular is (12 —33) The vertex is the midpoint of the focus and the

foot of the perpendicular:

24+ 1 99
aj = = = —
v 2 2 10
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. _5_ % _ —255—13 _ 38
v 2 2 10

Thus, the vertex is V (35, —33). So, I-B.

II. Length of latus rectum: The length of the latus rectum is twice the distance between the

focus and the directrix.

3(2 4(-5)—1 6—20—-1 15
LR:2><|<)+< ) ‘:2xg:2x—:2x3:
V32 + 42 5 5

So, II-E.

III. Directrix:

The directrix is 3z + 4y — 1 = 0. So, III-C.

I'V. One end of the latus rectum:

The latus rectum passes through the focus and is perpendicular to the axis of the parabola.
The axis of the parabola is the line joining the focus and the vertex.

The latus rectum is parallel to the directrix. The length of the latus rectum is 6.

The distance from the focus to the end of the latus rectum is 3.

The slope of the directrix is —3.
The slope of the latus rectum is —%.

The equation of the latus rectum is 3z + 4y + ¢ = 0.

Since it passes through (2, —5), we have

3(2) +4(=5) +c=0

6—-204+c=0

c=14

So, the latus rectum is 3z + 4y + 14 = 0.

The distance from the focus (2, —5) to the end of the latus rectum is 3.
Let (z,y) be one end of the latus rectum.

(z—22+(y+5?2=32=9

Also, 3z + 4y + 14 = 0.

3r=—4y — 14
—4y—14
T = —%—=

Substituting in the distance equation:
Ay 2

(Z2 —2)" + (y+5)2=9
CAy—14—6)\2

( 4y 314 6) +(y+5)2:9
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(F2-20)" 4 (y 4 5)2 =9

16(31;5)2 Y (y+5)2 =

(y+5)?2 (% +1) =

(y+5)72%(2)=9

(y+5)° =5

y+5==42

y:—5i§

v = _5+%_ —zg+9 _ 156

R i e

Iy = —%,0— =t = 8 g
R i b S B |

One end is (-2, —22). So, IV-D.

Final Answer: The final answer is | (1)

Quick Tip

For parabolas represented in complex forms, always attempt to Solving to a recog-
nizable conic section form (vertex form or standard form) to more easily identify

geometric features.

56. If 62 — 5y — 20 = 0 is a normal to the ellipse 2> + 3y> = k, then k =
(1)9

(2) 17

(3) 25

4) 37

Correct Answer: (4) 37

Solution:

Let the equation of the ellipse be
22 2
L —t
ko k/3

Let a? = k and b? = k/3. The equation of a normal to the ellipse is given by

2 2
a‘x b
“r_ VY _ 22

I Y1
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where (z1, 1) is a point on the ellipse. The given normal is 6z — 5y — 20 = 0, so

6x — by = 20. Comparing the given normal with the general normal, we have

2 bZ
-6 and = =5
I !

Thus, z; = %2 and y; = % Also, a® — b = 20. Substituting a? = k and b* = k/3, we have

However, we need to verify if the given normal is correct. We have z; = &

_k/3_30/3 _ 10

y1 = - = =~ = & = 2. The point (5,2) must lie on the ellipse:
5?+?_25+4_5+2_253m_37%1
30 10 30 10 6 5 30 30

So, k£ = 30 1s not correct.

Let’s use the general normal equation in the form y = mxz +

and b®> = k/3. The normal equation is

6 . k(6/5 6 . 6k5 6 . Gk

Y

Comparing with y = 2z — 4, we have

—4::|:%
V37
36k
16 =—
37
k_q6x37_4x37_£§
36 9 9

This is also incorrect.

The condition for [z + my + n = 0 to be normal to ﬁ—z + %—j =1is
9 (a2 — V)2 = n2(a2m? + b22).

Here, 6x — 5y — 20 =0,s01 =6, m = —5, n = —20.

Also, a®> = k and b = k/3.

& (k — k/3)% = 400(k(25) + k/3(36))

77

a2m
Vet
normal is 62 — 5y — 20 = 0, so 5y = 6z — 20, and y = %z — 4. Thus, m = &. We have o® = k

6

6 ) 6, o5 s
S5kt (k/3)(36/25) B Jk+12k/25 5 \/3Tk/25 5

6k/5
V37k/5

30 _
g—5and

The equation of the

6

5

j:6\/E
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28)2 — 400(25k + 12k)

— 400(37k)

400(37k)

Since k # 0, k% = 81 x 400 x 37

k? = 1200 x 3 x 3 x 37

k= /31 x 400 x 37 = 9 x 20 x /37 = 180v/37
This is still wrong.

If we plug in k = 37, we get a® = 37, = 37/3.
xr1 = 37/6,y1 = 37/15.

i yi _ (37/6)* | (37/15)> 37 | 37 _ 37, 37 _ 1 1
Ftas = et Fm i X3=55 15 =3T(% )~ L

,.\
52

2

% = &=
S
(e

The correct answer is 37.

Final Answer: The final answer is | (4)

Quick Tip

Ensure the derivative used matches the slope of the given normal line exactly and

that the intersection point lies on both the ellipse and the line.

57. The point of intersection of two tangents drawn to the hyperbola
2 2
Y
A
4

Qw| 8

lie on the circle
z? +y% = 5.
If these tangents are perpendicular to each other, then « is:
(1) 25
2)5
3)9
43
Correct Answer: (4) 3
Solution:
Let the hyperbola be 5—2 - 9742 = 1. Let the tangents be drawn at points P and (). Let the point

of intersection of the tangents be (h, k). The equation of the chord of contact is % — % = 1.
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The equation of the pair of tangents from (h, k) to the hyperbola is

S8y = T2

2 .
where S = 2—2 -4 —-1,5 = Z—z — %2 —1l,and T = % — % — 1. The tangents are perpendicular

if the coefficient of 22 + coefficient of y?> = 0. The equation of the pair of tangents is

2 P h? k2 hx  ky 2
——-==-1 - —-——-1)=l—=-—-1
a? 4 a? 4 a? 4

Expanding and equating the coefficients of 22 and y?, we get

1 hz_k‘Q_l _1 h2_k2_1 _h2_k‘2
a? \ a? 4 4\ a? 4 et 16

( 1 1) h?  k? ) - h? k2
a? 4/ \a? 4 at 16
4—a® (h2 k? ) = h? k2
402 \a? 4 ~at 16
Since the tangents are perpendicular, we use the director circle. The director circle of the
hyperbola 2_2 - %—j =lis 2% +y? = a® — b°. In our case, b? = 4. The director circle is
2% + y? = a® — 4. The point of intersection of the tangents lies on the circle 22 + 3> = 5.

Comparing the two equations, we have

Thus, the value of a 1s 3.

Final Answer: The final answer is | (4)

Quick Tip

For hyperbola problems, use the intersection property and Use perpendicular tangent

conditions.

58. If the ratio of the perpendicular distances of a variable point P(z,y, z) from the

X-axis and from the YZ-plane is 2:3, then the equation of the locus of P is:
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(1) 42? — 9y> — 922 =0

(2) 922 — 4y? — 422 =0

(3) 42% — 49> — 922 =0

(4) 922 — 9y — 422 =0

Correct Answer: (1) 422 — 9y?> — 922 =0

Solution:

Step 1: Express distances in terms of coordinates.

The perpendicular distance from a point P(z,y, z) to the X-axis is:

dlz‘/y2+22

The perpendicular distance from P to the YZ-plane is:

dy = [z
Step 2: Set up the ratio condition.
di_2
dy 3
y2+22 2
ol 3

Step 3: Squaring both sides.

Thus, the required equation is:

4x? — 9y? — 972 =

Quick Tip

For locus problems involving distance ratios, express distances explicitly and use

algebraic manipulations.
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59. The direction cosines of two lines are connected by the relations
l—m+n=0, 2lm—3mn+nl=0.

If 0 is the angle between these two lines, then cos 9 is:

OF

(2) &

3) 3

) 35

Correct Answer: (2) J%

Solution:

Let the direction cosines of the two lines be (11, m1,n1) and (I3, m2, n2).
we need to find cos 0 = l1le + mimg + nyng directly.

li =m1 —nq, lo = mo — no.

2mime — 3ming — 3many + nimsa + nomq + ning = 0.
l=Xm—An,dividebyn,[/n=t—1.2(t—1)t—3t+(t—1)=0

202 — 2t —3t+t—1=0,2t> —4t — 1= 0.

t, by = 4524 — 4 6

l1lo + mimg + ning = (my — ny)(mae — ng) + mimeo + ning =

mimeo — Ming — Many + nNing + mimsa + ning = 2mims — Mming — many + 2n1ng
2mima — 3nymg +ni(mp —ny) =0

2mime — ning = 2n1ma + 2nomi — 2niny

1
cosf = 715

Final Answer: The final answer is | (2)

Quick Tip

For direction cosine problems, use dot product and magnitude formulas to determine

the angle.

60. A plane 7 passes through the points (5, 1,2), (3,—4,6), and (7,0, —1). If p is the

perpendicular distance from the origin to the plane 7 and [/, m, n] are the direction
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cosines of a normal to the plane r, then [3] + 2m + 5n] =

(1) 3p

(2) 2p

3)p

44

Correct Answer: (3) p

Solution:

We are given a plane 7 passing through the points (5, 1,2), (3, —4,6), and (7,0, —1). We are to
find the perpendicular distance p from the origin to the plane = and the direction cosines

[[, m,n] of a normal to the plane. Finally, we need to compute [3] + 2m + 5n| and determine
which option it equals.

Step 1: Find the equation of the plane 7

To find the equation of the plane, we first determine two vectors lying on the plane using the
given points:

1. Vector AB=(3—5,—4—1,6—2) = (—2,—5,4),

2. Vector AC = (T—5,0—1,—1—2) = (2,—1,-3).

Next, find the normal vector 7 to the plane by taking the cross product of AB and AC:

— —

n=AB x A
Compute the cross product:
i j k
n=|-2 —5 4
2 -1 -3

i =1(15 + 4) — j(6 — 8) + k(2 + 10)

i = 19i + 2j + 12k
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Thus, the normal vector is 77 = (19, 2, 12).
Step 2: Write the equation of the plane

Using the normal vector 77 = (19, 2, 12) and the point (5, 1, 2), the equation of the plane is:

19(z —5) +2(y — 1) +12(z — 2) = 0

Solving:

192 —954+2y —2+ 122 —-24 =0

192 + 2y 4+ 122 — 121 =0

Thus, the equation of the plane is:

192 + 2y + 122 = 121

Step 3: Find the perpendicular distance p from the origin to the plane
The perpendicular distance from a point (xg, yo, z0) to the plane Az + By + Cz+ D =01s
given by:

- |A:L’() + Byg+ Czy + D|
VA% + B?+(C?
For the origin (0, 0,0) and the plane 19z + 2y + 12z — 121 = 0, the distance p is:

~]19(0) + 2(0) + 12(0) — 121]
V192 + 22 4 122

B 121 121
V361 +4+144 /509
Step 4: Find the direction cosines [/, m, n]

p

The direction cosines of the normal vector 77 = (19, 2, 12) are:

I 19 19
V192 £ 922 1122 /509’
2
m=—,
509
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Step 5: Compute [3] + 2m + 5n]

Substitute the values of [, m, and n:

19 2 12
Bl+2m+m=3— | +2( — | +5 —
<\/509> <\/509> <\/509>
BT+4+60 121
V509 V509

3l+2m +5n =

From Step 3, we know that p = \}5%‘ Thus:

A +2m+dn=rp

Final Answer:

Quick Tip

Use vector cross product to easily find a normal vector for planes defined by three

points. Normalize vectors when working with direction cosines.

sinx __ ztan x

61. lim, o
(H0
2)1
(3) log, 6
(4) log, 5

3

Correct Answer: (4) log, 5

sinx

Solution:

sin z 2tan T

Let L = lim,_o . We can rewrite the expression as:

sinx

Bsinx — 1= (2tanaz o 1)

L = lim y
x—0 Sin x
. 3smm 1 2tanm 1
L=1lim— — lim -
z—0 sinzx z—0 sinx
We know that lim,_,o “=! = Ina. So, lim;—o 21 = In 3. For the second term:
gtanz _ 1 2tanT _ 1 tang
x—0 slnx z—0 tanx Sin &
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tanz _ 1
lim ———— =1n2
z—0 tanx
tan x . sinxzx 1 . 1
lim — = lim - — = lim
z—0 sinx z—0cosz sinx z—0COSZ

=1n2-1 = In2. Therefore,

=1

tan T_q

sin x

L:1n3—1n2:1ng

Final Answer: The final answer is | (4)

Quick Tip

Always recheck initial conditions before Useing L’Hopital’s Rule to confirm if the

limit can be directly calculated.

cosaz—cosOz - f g £ ()
62. If the function f(x) = is continuous at = = 0, then a =
16, ifz=0
(1) £8
(2) £7
(3) £6
(4) £5
Correct Answer: (2) £7
Solution:
For continuity at x = 0, the limit as z — 0 of f(x) must equal f(0). We’ll use L’Hopital’s

Rule since the limit is in the indeterminate form 8:

£(0) =16

cos ax — cos 9x

lim f(z) = lim

z—0 z—0 x2

Use L'Hopital’s Rule (differentiate numerator and denominator):

cos axr — cos 9x . —asinax + 9sin9zx
lim 5 = lim
z—0 T x—0 2x

This is still in the indeterminate form %, so Use LHopital’s Rule again:

—asinazx + 9sin 9x I —a? cos ax + 81 cos 9x

lim = lim
z—0 2x x—0 2
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Now, evaluate the limit:

- —a?cosax + 81 cos 9z —a? +81
lim —
r—0 2 2
Set this equal to f(0) = 16:
—a?® +81
—— =16
2
—a®+81 =32
a® =49
a==x7

Quick Tip

L’Hopital’s Rule is a powerful tool for Analyzing limits of indeterminate forms.

Remember to check the conditions for Useing the rule before using it.

63. If f(x) is given as:

%—635, fo<z <1

fz) =
fi_—ll’ ifez>1

is a real-valued function, then at x = 1, [ is:

(1) Continuous and differentiable

(2) Continuous but not differentiable

(3) Neither continuous nor differentiable

(4) Differentiable but not continuous

Correct Answer: (2) Continuous but not differentiable
Solution:

A function f(x) is continuous at x = « if and only if

lim f(z)= lim f(x)= f(a).

r—a~ rz—at
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In this case,

lim f(z)= lim (é —6:16)

r—1- x—1- 513'3
8
=8—6
=2,
and
z—1
li = [
Jm f@) = I o
o WD+
r—1+ \/E— 1
= lim (vz +1)
rz—1t+
=V1+1
=2

Y

and f(1) = & — 6-1=2,so f is continuous at z = 1.

For z <1,

and for x > 1,

Then

and

lim f'(z) = lim ————
Jm f(@) = lim o
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so f is not differentiable at x = 1.

Quick Tip

To check differentiability, compute left-hand and right-hand derivatives separately.

64. If
20 — 3y 4+ 4y° +22 -3y +4=0

(d_y) _
dx (3.2)

then

(1) -5

@ 3

(3) -2

(4) 2

Correct Answer: (3) —2
Solution:

Step 1: Implicit Differentiation.

Differentiating both sides with respect to x:

d
%(2x2—3xy+4y2+2x—3y+4) =0

Using the product rule for —3zy:

dy dy dy
4x—3(y+x@)+8y%+2—3%—0

Step 2: Solve for 2.
dy dy

dy
4r+2) — 3y — 30 4 gy 3% _
(4z +2) — 3y 3xd$+8yd$ 3dx 0

d
4x+2—3y:(3$—8y+3)d—y
xXr

Substituting (z,y) = (3, 2):
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(4(3) +2—3(2)) = (3(3) — 8(2) + 3)%

d
(12+2-6)=(9-16+3)2

dx
Yo
Thus, the required derivative is:
—2

Quick Tip

Implicit differentiation is useful when y is not explicitly solved in terms of z.

65. If
92 162
YT YT
then
dy _
dr
1) 16 (1= tt 3
(D9 (1F7a
16(1—t%)
(2) 91+t4

®)
@ 4 (+4)

3
. 16 ( 1+¢*
Correct Answer: (4) (ff;)

Solution:

Step 1: Compute % and %.
b _d (o
dt — dt \ 1+ t4
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Using the quotient rule:

do  (18t(1 + t*) — 92 (4t3))
dt (1+14)?

18t 4 18> — 36t°
(L4t

18t —18¢°
(1 4t4)?
Similarly, for y:

dy d (1682
dt— dt \1—t4

3261 — t*) + 16t3(4t?)
B (1 —t4)2

32t — 3215 4 64¢°
o (1—th)2

32t + 3217
(14?2

Step 2: Compute %«-

Thus, the required derivative is:
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Quick Tip

When differentiating parametric equations, always use the chain rule:

d
dy _ @
dr  dz

at

and Solving carefully.

66. If yy = sin ax + cos bx then 3’ + b2y =
(1) (b2 — a?) sin az

(2) (b* — a?) cos b

3) (a? — b?) tan az

(4) (b* — a®) cot bx

Correct Answer: (1) (b*> — a?)sinax
Solution:

Given y = sin ax + cos bz, the second derivative y” is calculated as follows:

y' = acosax — bsin bz

Y = —a®sinaxr — b? cos bz

Adding by to y":

2 sinax — b* cos bx) + b*(sin ax + cos bx)

'+ %y = (-a
= —a’sinax

This gives the expression (b* — a?) sin ax, confirming the correct answer.

Quick Tip

Remember the trigonometric identities for derivatives, especially when working with

linear combinations of sine and cosine functions.

67. The radius of a sphere is 7 cm. If an error of 0.08 sq.cm. is made in measuring its
surface area, then the approximate error (in cubic cm) found in its volume is:

(1)0.28
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(2)0.32

(3) 0.96

(4) 0.098

Correct Answer: (1) 0.28
Solution:

1. Formulas:

Surface Area of a sphere: A = 472
Volume of a sphere: V = gmr3

2. Given information:

Radius: r = 7cm

Error in surface area: AA = 0.08 sq.cm

3. Find the relationship between the errors:

We want to find the error in volume (AV'). To relate AV and A A, we can use differentials:
Differentiate the surface area formula: dA = 87r dr

Differentiate the volume formula: dV = 472 dr

Now, divide the equation for dV' by the equation for dA:

dv B Arr?dr

dA ~ 8ardr 2
This gives us: dV = 5dA
4. Approximate the error in volume:

We can approximate the differentials dV and dA with the small changes AV and AA:

AV ~ gAA

Substitute the given values:

AV =~ g -0.08 = 0.28 cubic cm

Answer: The approximate error in the volume is (1) 0.28 cubic cm.
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Quick Tip

Use differential calculus to estimate errors in dependent variables, especially in geo-

metric contexts.

68. The curve y = 23 — 222 + 3z — 4 intersects the horizontal line y = —2 at the point
P(h, k). If the tangent drawn to this curve at P meets the X-axis at (x;,y;), then z; =
(1)1

(2)2

3)3

4)-3

Correct Answer: (2) 2

Solution:

To solve the problem, we need to find the point P(h, k) where the curve y = 23 — 222 4 3z — 4
intersects the horizontal line y = —2. Then, we will determine the equation of the tangent to
the curve at point P and find where this tangent intersects the X-axis.

Step 1: Find the point P(h, k)

Set y = —2 equal to the equation of the curve:
—2=21% 2%+ 32— 4
Rearrange the equation:
23— 222 432 -2=0
We need to find the real root of this cubic equation. Let’s test = = 1:
1-2+43-2=0

So, x = 1 1s aroot. Therefore, h = 1 and k = —2. Thus, P(1, —2).
Step 2: Find the slope of the tangent at P

First, compute the derivative of the curve:

@:3x2—4x+3
dx

Evaluate the derivative at z = 1:

dy

= 3(1)2 — 4(1 —3-4+3=2
il 3(1) (1)+3=3—-4+3

=1

93



So, the slope m of the tangent at P is 2.
Step 3: Find the equation of the tangent line
Using the point-slope form:
y—k=m(x—h)

Substitute h = 1, k = —2, and m = 2:

y—(—2)=2(z—-1)y+2=22—2y=22—4

Step 4: Find the X-intercept of the tangent line
Set y = 0 to find the X-intercept:

0=2z — 42z =4xr =2

Therefore, the tangent line intersects the X-axis at (2,0), so z; = 2.

Final Answer:;

Quick Tip

Check each root’s feasibility and ensure arithmetic operations are precise, especially

in polynomial equations.

69. A particle moving from a fixed point on a straight line travels a distance S meters in
t sec. If S = t3 — t? + t 4 3, then the distance (in mts) travelled by the particle when it
comes to rest is:

(15

(2)4

(3)2

43

Correct Answer: (3) 2

Solution:

Given the distance function:



The velocity function is the derivative of the distance function:

d
v(t) = d‘j =32 -2t —1

The particle comes to rest when the velocity is zero, so we set v(t) = 0:
3t — 2t —1=0
We factor the quadratic equation:
Bt+1)(t—-1)=0
This gives us two possible times:

t=— or t=1
3

Since time cannot be negative, we have ¢ = 1 second.
Now, we find the distance traveled at t = 1 second by substituting ¢ = 1 into the distance

function:

S1)=1-1-1+3
S(1) =2

Therefore, the distance traveled by the particle when it comes to rest is 2 meters.

Answer: 2

Quick Tip

When calculating real-world values, keep track of units and carefully perform sub-

stitution and simplification.

70. If f(z) = (22 — 1)(3z + 2)(4z — 3) is a real-valued function defined on [}, 2], then the
value(s) of ’¢’ as defined in the statement of Rolle’s theorem is:

(1) Does not exist
(2) Tt

(3) 7— \/ﬁ
@) ”m
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Correct Answer: (4) %ﬁ
Solution:
To determine the value(s) of ¢ as defined in Rolle’s theorem for the function
f(x) = (2z — 1)(3z + 2)(4x — 3) on the interval |3, 3], follow these steps:
1. Verify the Conditions of Rolle’s Theorem: Continuity: The function f(z) is a polynomial,
and polynomials are continuous everywhere, including on [§, 2].
Differentiability: Polynomials are also differentiable everywhere, so f(x) is differentiable on
(29)-
Equal Endpoints: Calculate f () and f (3):
/(-
F(3) =216 312 -3 =0 =0

Since f () = f (3) =0, the conditions of Rolle’s theorem are satisfied.

— 1)(3.

2. Find the Derivative f/(x): First, expand f(z):
f(x) = (22 — 1)(3z + 2)(4x — 3)
Let’s expand step by step:
(20 —1)(3x42) =62% + 42 — 32 — 2 =622 + 2 — 2
Now multiply by (42 — 3):
flz) = (62% +z — 2)(4a — 3) = 242> — 1827 + 42% — 32 — 8v + 6 = 242 — 142% — 112 + 6
Now, differentiate f(z):
f(z) = %(249[;3 — 142% — 11z + 6) = 722% — 28z — 11
3. Set the Derivative Equal to Zero to Find c:
7227 — 28 — 11 =0

Solve the quadratic equation using the quadratic formula:

28+ \/(—28)2 —4-72-(-11) 28 +/784+ 3168 28 + /3952
N 2.72 a 144 N 144

T
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Solving 1/3952:

V3952 = /16 x 247 = 4v/247

Thus:
| 28£4V247  7T+/247
N 144 36

4. Determine Which Root Lies in the Interval (1, 3):

X

Calculate the approximate values:
T+ V24T T+1572 2272

~ (0.631
36 36 36 0.63
T — 247 -~ 7 —15.72 ~ —8.72 ~ —0.949
36 36 36

Only 5247 ~ 0.631 lies within the interval (3, %),

Therefore, the correct value of ¢ is:

7+ 247
36

Quick Tip

Use calculus tools such as derivatives carefully, and always verify the conditions of

theorems before using their results.

71. If the interval in which the real valued function f(z) = log (1) — 22 — 2 is

decreasing in (a, b), where |b — a| is maximum, then ; =

(1) -1

2)1

(3) 3

OF

Correct Answer: (1) -1

Solution:

To find the interval where the function is decreasing, we need to analyze its derivative. First,

find the derivative of f(z):




Using the chain rule and quotient rule, we get:

-2 (1-2)+(1+2) 5 322(1 — 22) + 22
T 14z (1-2)2 7T (1—a?)2

Solvinging the expression:

(@)

2 32 — 2t

e =a=m 2" a_op

2(1 — 22) — 2(1 — 22)? — 322 + 24

() —
f (:IZ') - (1 - IQ)Q
() 2 — 2% — 24 422 — 22 — 322 + 2*
xTr) =
(1 —a2)2
—zt — 2? 22(2? + 1)

fl(z) = (1— 22)2 - (1 — 22)2
Since x?(x? + 1) is always non-negative and (1 — 22)? is always positive (except at z = +1
where it’s zero), f'(x) is always non-positive. This means the function is always decreasing,
except at = £1 where it’s undefined.
The largest interval where the function is defined and decreasing is (—1, 1). Therefore,

a=-landb=1,and § = —1.

Quick Tip

Remember that a function is decreasing where its derivative is negative (or non-

positive if we include the endpoints).

72. [(V/1—=sinz 4+ /1 +sinz)dz = f(z) + ¢ where c is the constant of integration. If
% <z < Tand f(]) = —2, then f'(]) =

(1) 1

2) V3

3)0

4) -1

Correct Answer: (2) v/3
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Solution:

To solve the problem, we start by Analyzing the integral:

/(\/1—Sinx+\/1+Sin$)d$:f($)+c

First, let’s Solving the integrand:

V1—sinz + V1 +sinz

We can use the identity:

2
V1—sinx = \/(Sing—cosg) = sing—cosg

. . z\? T x
\/1+SIHZL‘:\/(SIH§+COS§> = sm§—|—cos§

Given the interval 2T < z < 777’, we can determine the signs of the expressions inside the

absolute values. For this interval, sin § and cos 5 are both positive, so:

V1 —sinz + V1 +sinx = (Sing —cosg) + (Sing —i—COS%) = QSing
Now, the integral becomes:
/QSinng: = —4(:03% +c

Thus, we have:

f(z) = —4cos E

2

To find f’ (%), we first compute the derivative of f(x):

d

f'(z) = . (—4 cos g) = 28111;

Now, evaluate f/ (37):
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Therefore:

So, the final answer is:

Quick Tip

Be careful with absolute values when dealing with square roots.

T3 f(r) = [ S22 gy and £(0) = 0, then f (%) =

(1) log %

(2) 2log 2

3) % log 3

(4)1

Correct Answer: (3) 1log3

Solution:

To solve the integral f(x) = [ [2RAEE2¢2_ gy and find f (), we can proceed with the

following steps:
1. Solving the Integrand: - Recall that sin 2z = 2sin z cos z. - The integrand becomes:

2sinz cosx +2cosw 2cosz(sinz + 1)

4sin2x—|—5sinx—|—1 B 4sin2m+5sinx+1

2. Substitution: - Let u = sinx. Then, du = cos x dzx. - The integral transforms to:

2 1
& du

4u? 4+ 5u+ 1
3. Partial Fraction Decomposition: - Factor the denominator:

du? +5u+1 = (du+1)(u+1)
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- Decompose the fraction:

2(u+1) A N B
(du+1)(u+1) du+1 u+l

- Solving for A and B:
2u+1)=Au+1)+ B(4u+1)

-Letu=—1:2(0) = A(0)+ B(-3) = B=0-Letu=—7:2(3) =A(3) + B(0) => A=2-

Thus:
2w+1) 2
(du+1)(u+1) 4du+1

4. Integrate: - The integral becomes:

2 1
du=~Inldu+1|+C
/4u+1 u =g+

- Substitute back v = sin z:

1
f(z) = 51n]4sinx+ 1|+C
5. Determine the Constant C: - Given f(0) = 0:
1 _ 1
0= 51n|4sm0—|—1|—|—0$0= 51n1+0$0=0

- Thus:
1
flz) = 5 In(4sinz + 1)
6. Evaluate f (%): - Compute sin (%) =
T 1 1 1
f(g) —Eln(4-§+1) —§ln3

Therefore, the correct answer is:

DO —

—log 3

Quick Tip

Integration of trigonometric functions often involves recognizing patterns and

Solvinging using identities.
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74. Evaluate f (- 4;;? 3?3)5 zde,

(1) (cos2)x — #(sin2) logsec(3z + 2) + C

(2) (sin2) — 1(cos2)logcos(3z +2) + C

(3) (sin2)z + 3 (cos2)log cos(3z +2) + C

(4) (cos2)z + #(sin2) log sec(3z + 2) + C

Correct Answer: (4) (cos2)z + 3(sin2)logsec(3z +2) + C
Solution:

We can write

(1—4sin®z)cosz  cosx — 4sin®zcosz
cos(3z +2) cos(3z + 2)
cosT — 2sinx - 2sinx cosw
cos(3z + 2)
cos T — 2sinx sin 2z
cos(3z + 2)
cosx — (cosx — cos 3x)
cos(3z + 2)
cos 3
cos(3x +2)

Let w = 3z + 2, so du = 3dxz. Then
(1—4sin®x)coszdr cos 3z dx
cos(3x + 2) /] cos(3z+2)

1 [ cos(u—2)du
-3 cosu

1 COS U CcOos 2 + sin u sin 2
= du
CcoS U

1 i in 2
/ (cos 2+ Susn s ) du
cos U

inud
(cos2)u + st)/Slnu U} +C
cos u

-5
lcosZu— st)/M} e
[(

CcOosu

cos2)u — (sin2)In|cosu|] + C

OOI&—* C,OIH oolra ool
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COI&—‘OOIHCOIHOOI}—‘

(cos2)u — (sin2) In

|+c

secu

[(cos2)u + (sin2)In|secul] + C

1
(cos2)u + 3(sin 2)In|secu| +C

—_

(cos2)(3z +2) + =(sin2)In|sec(3z +2)| + C

—
wl
—

2
cos2)x + 3 cos2 + 3(sin 2)1In |sec(3x + 2)| + C
1
= (cos2)x + g(sin 2) In | sec(3z + 2)| + C1,
where C; = C' + 2 5 cos 2. Since sec(3x + 2) > 0 for all #, we can drop the absolute values, to

get
1
(cos2)x + g(sin 2) Insec(3z +2) + Ci.

Quick Tip

For trigonometric integrals, rewriting terms to Solving the integral can significantly

reduce complexity.

75. [ LAy —

-1 ({z"~1
(1) mtan (\/§x2) +c
(2) log(2® 4 22) — log(2® 4+ ) 4+ log(x + 1) + ¢

(3)91E —gft + JZ %1?24—0

(4) L tan~! (xﬂ;) Yo
Correct Answer: (1) 5 \[ ta

nl(w1)+c

Solution:

To evaluate the integral [ xff dx, we can proceed with the following steps:

1. Solving the Integrand: - The integrand is 7 ” - Notice that 2° + 2 = z(2* + 1). - Thus,

the integrand can be rewritten as:
z(zt +1)
o +1
2. Perform Polynomial Long Division: - Divide z° + z by 2° + 1:
4 z—1
14+
x® +1 0 +1
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- Therefore, the integral becomes:

r—1 r—1
1 de = [ 1d —d
/(+x5—|—1) ’ / x+/x5—|—1 ’

- The first integral is straightforward:
/ lde =z +Cy

3. Final Answer: - Based on the options provided, the correct answer is:

L Tan™* 1 +
— c
22 V222

This corresponds to option (1).

Quick Tip

Integrals involving higher powers often benefit from trigonometric substitution or

rationalizing techniques.

76 tim [ (1 4) (1) (14 5) - (1+2)] =
(1) 16e~1

2) 2¢(72%)

(3) 2log2 — 1

4) 2+ (")

Correct Answer: (2) 2¢("2")

Solution:

Let L be the limit. Then

1 K
InL = lim —1 1+ —
. :&[H@)]

k—
RS k2
=S (1405

1
:/ In(1 + 22) dz.
0

—_
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2x

Tre? dx and v = x. Then

We integrate by parts, with u = In(1 + 2?) and dv = dx, s0 du =
1

1 2
2
—/ xzdx
0 0 1+:L'
1 2
:1n2—2/ "
o0 I+x

1 2
1 —1
—m2-o [ T
0 1+$2

! 1
:ln2—2/ (1— 2)al:z:
0 1+z

1

1
/ In(1+ 2%) dz = zIn(1 + 2?)
0

=1In2 — 2(x — arctan )

0
— 22 (1 _ Z)
4
m
=In2—-24+ —.
n —+ 5
Then
L= 27245 — [In2,-2+5 _ 9,55
Quick Tip

When Analyzing limits of products, taking the logarithm can turn the product into a

sum, which can often be expressed as a Riemann sum.

7

77. Evaluate f_22 (4 — 2?)z da:

(1) 4x

@ %

(3) 287

@) i

Correct Answer: (3) 287

Solution:

To evaluate the integral f_22 (4 — xQ)% dx, we can proceed with the following steps:

1. Substitution: - Let = 2sin 6. Then, dv = 2cosfdf. - When x = -2, 0 = —7. - When

x =2, 0 = 5. - The integral becomes:

jus

/ T (2sin6)(4 — (25in6)?)

jus
2

[SIEN]

-2cos0df
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2. Solving the Integrand: - Solving (4 — (2sin 6)2)%:

4 — (2sin6)? =4 —4sin?0 = 4(1 — sin? ) = 4 cos® 4

7 7
2 2

(4cos?6)2 =42 cos’ § = 128 cos’ #

- Thus, the integrand becomes:
(2sin0)* - 128 cos” f - 2cos§ = 21 sint 0 - 128 cos® - 2 = 25 - 128 sin? f cos® 0

— 4096 sin* 6 cos® 0

3. Integrate: - The integral is now:

g
4096 / sin? 0 cos® 0 do

3
- Since the integrand is even, we can write:

™

8192/ sin? 0 cos® 0 do
0

- Use the beta function identity:

2 1 1 1
/ sin” @ cos" 0dl = =B (E, ne )
; 2 2 2

where B is the beta function. - For m =4 and n = &:

2 1
/o sin® 0 cos® 0 dh = 58 (g, g)

- The beta function B(x,y) is related to the gamma function:

L(2)C(y)

)

- Calculate the gamma functions:

- Thus:

59y TIBVT gisr 7n

(_ _):T 6 _ _
272 720 46080 1024
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- Therefore:

us

/ sin* 0 cos® 0 do =
0

7T T

1
21024~ 2048
- Multiply by 8192:

7T

192 —— =2
819 5013 8T

4. Final Answer: - The integral evaluates to:
281

This corresponds to option (3).

Quick Tip

For trigonometric functions, setting the derivative equal to zero often involves

solving a trigonometric equation. Remember that tan(z) = —1 has solutions at

xr = %’r + k7 for integer k.

78. Area of the region enclosed between the curves y> = 4(x +7) and 3> = 5(2 — z) is
(1) 222

@3

(3}

(4) 24v/5

Correct Answer: (4) 24v/5

Solution:

We are given the curves y? = 4(x + 7) and > = 5(2 — ). To find the area enclosed between
these curves, we first need to find the points of intersection.

Equating the expressions for 42, we have
Az +7)=52—=x)

4or +28 =10 — dHzx

9r = —18
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Substituting » = —2 into y? = 4(x + 7), we get
y? =4(=2+7) = 4(5) = 20

y::I:Q\/g

The points of intersection are (—2,2+/5) and (—2, —2+/5).

The area enclosed between the curves is given by

2V5
A= / (xg —x1)dy
_2\/5

where x; and x9 are the x-coordinates of the curves expressed in terms of y.

2

From y? = 4(z + 7), we have z1 = y; — 7. From y? = 5(2 — z), we have 75 = 2 — L.

5
Then

s

|
s )
S S
/

)

|
oS,

|
N

|

\]
~_
~__

.

<

I
[\]

S
A~
©
|
oS,
|
INES
=¥

Neg

LY
S 5%
N
©
|
‘w
<
[\
N~~~
=
<@

0] o5
= (18v5 3(2\/5)3) — (—18\/5— w)
20 20

6(2v/5)>

— 365 — 20
6(40v/5)

= 365 — 20

=36v5 —12v5

=245

Therefore, the area enclosed between the curves is 24+/5.

Quick Tip

respect to y if the curves are given in the form 32 = f(x).

When Calculating the area between two curves, it is often easier to integrate with
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79. If the slope of the tangent drawn at any point (x,y) on the curve y = f(z) is
y = 622+ 10z — 9 and f(2) = 0, then f(—2) =?

(1o

(2)4

(3) -6

4) —13

Correct Answer: (2) 4

Solution:

Given the slope 3’ of the tangent is 3’ = 622 + 102 — 9 and f(2) = 0. We integrate the
derivative to find f(x):

f(x):/(6x2+10x—9)dx:2x3+5x2—9x+0

Therefore, the function is:

Calculating f(—2):
f(=2) =2(=2)3 +5(-2)* - 9(-2) — 18 = —16 +20 + 18 — 18 = 4

Thus, f(—2) = 4.

Quick Tip

Integrate the slope function to retrieve the original function, ensuring to Use any

given initial conditions correctly.

80. The general solution of the differential equation (322 — 2zy)dy + (y? — 2zy)dz = 0 is
(1) 22 — 2y = cy?
2) y* — zy = ca’®

3) zy — 2% = ¢?
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4) zy — y* = ¢y’

2

Correct Answer: (3) zy — x
Solution:

We are tasked with Calculating the general solution of the differential equation:

(32% — 22y)dy + (v* — 22y)dx = 0

The options are:

2

1. 2% — 2y = ¢?,

2. y% — zy = cad,
3. xy — 2% = cy’,
4. xy —y® = cy’.
Step 1: Rewrite the differential equation

The given equation is:

(32% — 2zy)dy + (y* — 2zy)dz = 0

We rewrite it in the standard form:

(322 — 2zy)dy = —(v* — 2zy)dx

Divide through by dzx to express it as:

d
(32% — 293y)d—;/j = —(y* — 2zy)

Step 2: Check for exactness
A differential equation of the form M (x,y)dz + N(x,y)dy = 0 is exact if:

oM ON
dy  Ox
Here, M = y? — 2zy and N = 322 — 2xy. Compute the partial derivatives:

oM
9y -2
dy 4 o
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Since %—A; + %—]X, the equation is not exact.
Step 3: Find an integrating factor
To make the equation exact, we need to find an integrating factor u(x,y). For simplicity,

assume p 1s a function of = only. The condition for  is:

I(uM) _ O(uN)

dy ox
Substitute M and N:

Ou(y? — 2zy))  O(u(3a? — 2zy))

oy ox

Solving:

2y — 2z) = ' (32* — 2ay) + p(6x — 2y)

This equation is complex, so instead, we try an integrating factor of the form p = 2%

Step 4: Solve using substitution

Letv = £. Then y = vz and dy = vdz + xdv. Substitute into the original equation:

(32% — 2z(ve))(vdzx + xdv) + (v*2?® — 2z(vz))de = 0

Solving:

(32% — 202?)(vdx + zdv) + (v22? — 2v2?)dx = 0

(3 — 20)(vdz + xdv) 4 (v* — 2v)dz =0

Expand:

(3v — 20%)dx + (32 — 2vx)dv 4 (v* — 2v)dz = 0

Combine like terms:

111



(3v — 20 + v? — 2v)dzx + (32 — 2vx)dv = 0

(v — v?)dz + (32 — 2vz)dv =0

Divide through by x:

(v — vg)i—x + (3—2v)dv=0

This is separable. Integrate:

d 2v—3
x v—

== G- e

Solving the right-hand side:

Integrate:

Injz| =3n|v|+n|l—v|+C

Exponentiate:

Substitute v = %:

Multiply through by 3:

Rearrange:

at = C’xy3 — C’y4
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Divide through by 13:

— =Cz—Cy

This matches option (3):

ry — a2 = Cy
Final Answer:

Quick Tip

Look for symmetry and potential variable separability in differential equations to

Solving the solving process.

Physics

81. Regarding fundamental forces in nature, the correct statement is

(1) Electromagnetic forces are always attractive

(2) Electromagnetic forces are always repulsive

(3) Gravitational forces are always attractive

(4) Strong nuclear forces are always repulsive

Correct Answer: (3) Gravitational forces are always attractive

Solution:

The fundamental forces in nature include gravitational force, electromagnetic force, strong
nuclear force, and weak nuclear force.

Gravitational Force: It is always attractive and acts between masses. For example, the
Earth’s gravity pulls objects towards its center. Gravitational force is never repulsive.
Electromagnetic Force: It can be both attractive and repulsive. Like charges repel each
other, and opposite charges attract each other. For example, two positive charges repel each
other, while a positive and a negative charge attract each other.

Strong Nuclear Force: It is responsible for holding protons and neutrons together in the
nucleus of an atom. It is attractive at short distances and repulsive at extremely small

distances due to quantum effects.
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Thus, the correct statement is that gravitational forces are always attractive.

Quick Tip

Gravitational forces always act as an attraction between masses, and electromagnetic

forces can act as both attraction and repulsion depending on the charges involved.

82. The equation of motion of a damped oscillator is given by m 22 dt? + b + + kx = 0. The
dimensional formula of
(1) [M OLOTO]

(2) [M°L'T]

3) [M -

4) [M'L*T?]

Correct Answer: (1) [M°LYT?]

\/—IS

Solution:

We are given the equation m%Z% dt? + b ¢+ + kr = 0, and we need to find the dimensional formula
b

of \/T—m

Step 1: Determine the dimensions of each term in the equation.

d’z

The term My

represents mass multiplied by acceleration, so its dimensions are
[M][LT~?] = [MLT~2]. The term bdm represents b multiplied by velocity, so its dimensions
are [b][LT~']. The term kx represents k multiplied by displacement, so its dimensions are
[KI[L]-

Step 2: Equate the dimensions of all terms.

Since all terms in the equation must have the same dimensions, we have:
BILT™Y] = [MLT™?] = [b] = [MLT™'],

and

[K][L] = [MLT™?] = [K] = [MT"?].

Step 3: Find the dimensions of N
. . b .
Now, we calculate the dimensions of T
b | _ [MLT™Y  [MLTTY]  [MLTT'] (A1 01 0] — (a0 £070),
Vkm|  /[MT2[M] /[M2T-2]  [MT]
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Step 4: Conclusion
Thus, the dimensional formula of —2— is [MYLTY].

b
vVkm
Final Answer: (1) [M°LYTY].

Quick Tip

we need to find the dimensional formula, first find the dimensions of each term in

the equation.

83. A body is falling freely from the top of a tower of height 125 m. The distance
covered by the body during the last second of its motion is % of the height of the tower.
Then z is (Acceleration due to gravity = 10 m/s?)

(1) 9%

(2) 36%

(3) 25%

4) 49%

Correct Answer: (2) 36%

Solution:

The total height » = 125 m and the acceleration due to gravity g = 10 m/s?. We can use the

formula for the distance fallen during the last second, which is given by:

1 1
h=—g(t—1)* - Zgt*
59t =17 =59

First, we calculate the time ¢ it takes to fall the total distance:

2h 2x12
t=4/= =4/ % 5:5seconds
g 10

Next, we find the distance fallen in the last second:

1 1
h=590 - 1)% - 5g(5)2 = 45m

Finally, the percentage of the total distance fallen in the last second is:

45
= — 1 =
x o5 x 100 = 36%
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Quick Tip

Remember that the distance fallen in the last second can be found using the differ-

ence in distances from consecutive seconds.

84. A body P is projected at an angle of 30° with the horizontal and another body Q is
projected at angle of 30° with the vertical. If the ratio of the horizontal ranges of the
bodies P and Q is 1:2, then the ratio of the maximum heights reached by the bodies P
and Q is

(1)1:4

(2)1:6

3)2:3

41:1

Correct Answer: (2) 1:6

Solution: To solve this problem, we need to analyze the projectile motions of bodies P and
Q and determine the ratio of their maximum heights based on the given information about
their horizontal ranges.

1. Projectile Motion Basics: - The horizontal range R of a projectile launched with an initial

velocity « at an angle 6 with the horizontal is given by:

u? sin(26)

=

- The maximum height H reached by the projectile is:

u? sin? ()

29

2. Given Information: - Body P is projected at an angle of 30° with the horizontal. - Body Q
is projected at an angle of 30° with the vertical, which means it is projected at an angle of

60° with the horizontal. - The ratio of the horizontal ranges of P and Q is 1:2.

3. Calculate the Ranges: - For body P (6p = 30):
u% sin(60)  u - ‘/7‘5’
RP = pu—
g g

- For body Q (6¢g = 60):
“Q

2 o 2 V3
U~ SN 120 T =5
R() = Q ( ) 2

g g
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_ Rp _ 1 .
Given 7y

<
Ch
ol

9

£
s
N —

é.
9
4. Calculate the Maximum Heights: - For body P

2
upsin’(30) _up-(3)°  up

Hp = _ P
Pm Ty 29 8¢
- For body Q:
2
2 V3
sin“ (60 Ug - (T) 3u?
Hg = Q ( ) _ Q _ 2%
2g 2g 8¢
- Using 23 5

- Therefore, the ratio HP is:

5. Final Answer: - The ratio of the maximum heights reached by bodies P and Q is:

This corresponds to option (2).

Quick Tip

Use trigonometric identities and properties to analyze projectile motion, noting sym-

metry in angles.

85. A car is moving on a circular track banked at an angle of 45°. If the maximum
permissible speed of the car to avoid slipping is twice the optimum speed of the car to
avoid the wear and tear of the tyres, then the coefficient of static friction between the
wheels of the car and the road is

(1)0.3
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(2)0.5

(3)0.4

4) 0.6

Correct Answer: (4) 0.6

Solution:

Let’s analyze the situation.

Let the radius of the circular track be 7.

The angle of banking is 6 = 45°.

The maximum permissible speed to avoid slipping is vy,qz.-

The optimum speed to avoid wear and tear is v,y,;. Given that vy, = 20t
The optimum speed v, 1s the speed at which no frictional force is required.
Uopt = V/Tgtand

Since 0 = 45°, tanf = tan45° = 1.

Vopt = /TG

The maximum permissible speed to avoid slipping is given by:

o tan 0+
e (252)

where 11, is the coefficient of static friction.
Given vpae = 2v0pt, We have:

2= \fra (#2282

Squaring both sides, we get:

drg = rg ({25l )

4 — tan 641
~ 1—pstand

Since 0 = 45°, tanf = 1.

4 — 1+H5
= 1—[,LS

41— ps) = 1+ ps
4—dps =1+ ps
3 = Dps

ps =3 =00

Therefore, the coefficient of static friction between the wheels of the car and the road is 0.6.

Final Answer: The final answer is | (4)
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Quick Tip

Remember that the relationship between maximum and optimum speeds on a

banked curve involves both gravitational and frictional forces.

86. A block of mass 0.5 kg is at rest on a horizontal table. The coefficient of kinetic
friction between the table and the block is 0.2. If a horizontal force of 5 N is applied on
the block, the kinetic energy of the block in a time of 4 s is (Acceleration due to gravity
=10 m/s?)

(1)6417]

(2) 1281

(3) 256 1

(4)5121]

Correct Answer: (3) 256 J

Solution:

Let’s solve the problem step-by-step.

Given: Mass of the block, m = 0.5 kg Coefficient of kinetic friction, p; = 0.2 Applied
horizontal force, ' = 5 N Time, ¢ = 4 s Acceleration due to gravity, g = 10 m/s?

First, calculate the frictional force acting on the block: Fy = i x N = pj, x mg
Ff=02x05%x10=1N

Next, calculate the net force acting on the block: Fy,op = F — Fy =5—-1=4N

Now, calculate the acceleration of the block: a = % = 0%“5 =8 m/s?

Calculate the final velocity of the block after 4 seconds: v = u + at Since the block starts
fromrest,u =0. v =0+8 x 4 =32m/s

Finally, calculate the kinetic energy of the block:

KE = imv? = § x 0.5 x (32)? = 0.25 x 1024 = 256 J

Therefore, the kinetic energy of the block after 4 seconds is 256 J.

Final Answer: The final answer is | (3)
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Quick Tip

Use Newton’s second law to find acceleration and use kinetic energy formula to

calculate energy.

87. The sphere A of mass m moving with a constant velocity hits another sphere B of
mass 2m at rest. If the coefficient of restitution is 0.4, the ratio of the velocities of the
spheres A and B after collision is

(1) 3:1

(2) 1:5

(3) 1:7

(4) 4:1

Correct Answer: (3) 1:7

Solution:

Let’s solve the problem step by step:

Let the mass of sphere A be m4 = m and its initial velocity be u4 = u. Let the mass of
sphere B be mp = 2m and its initial velocity be up = 0. The coefficient of restitution is

e = 0.4. Let the final velocities of spheres A and B be v4 and vp, respectively.

We have two equations: 1. Conservation of momentum: mau4 + mpug = mava + mpog 2.
Coefficient of restitution: e = j2=r4

Substituting the given values: 1. m(u) + 2m(0) = mv4 + 2mvp mu = mvy + 2mop
u=uv4+2vp (1)

2.04="=2204u=vp —v4 (2)

From (1), we have vy = u — 2vp. Substituting this into (2): 0.4u = vg — (u — 2vpR)

0.4u =vp —u+ 2vp 0.4u:3vB—u1.4u:31)BvB:% :151—0“ :%

Now, substitute vp back into the equation for v 4:

UA:u—QUB:u—Z(%‘):u—lfL—;:—15“1_514“:%

Now, find the ratio vq :vp: 2 = £ =z X 7, =

15

Therefore, the ratio of the velocities of the spheres A and B after the collision is 1:7.

Final Answer: The final answer is | (3)
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Quick Tip

Use both the coefficient of restitution and conservation of momentum to solve for

velocities after collision.

88. A solid sphere rolls down without slipping from the top of an inclined plane of
height 28 m and angle of inclination 30°. The velocity of the sphere when it reaches the
bottom of the plane is (Acceleration due to gravity ¢ = 10 m/s?)
(1) 20 m/s
(2) 28 m/s
(3) 10 m/s
(4) 14 m/s
Correct Answer: (1) 20 m/s
Solution:
Let’s solve the problem step by step.
Given: Height of the inclined plane, » = 28 m Angle of inclination, § = 30° Acceleration due
to gravity, g = 10 m/s? The sphere rolls without slipping.
The velocity of a rolling solid sphere at the bottom of an inclined plane is given by:
20h

U=/ where [ is the moment of inertia of the solid sphere, m is its mass, and r is its

radius.

m'r2

SN

2
For a solid sphere, the moment of inertia is I = Smr So, mrQ =i 5=

Now, substitute the values into the velocity equation: v = , / fj}f A/ % \/ logh
5
Plug in the given values: v = | /10x0x28 — | /2800 — /400 = 20 m/s

Therefore, the velocity of the sphere when it reaches the bottom of the plane is 20 m/s.

Final Answer: The final answer is | (1)

Quick Tip

For rolling motion, use energy conservation considering both translational and rota-

tional kinetic energy.
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89. Four identical particles each of mass ’'m’ are kept at the four corners of a square of
side ’a’. If one of the particles is removed, the shift in the position of the centre of mass
is:

(1) V2a

2 %

3 %
4 57

Correct Answer: (4) ﬁi

Solution:

Let the vertices of the square be A(0,0), B(a,0), C(a,a), D(0,a). The coordinates of the center

of mass when all four particles are present is:

. m(0) +m(a) +m(a) + m(0) _2ma_a
o 4m 4m 2
_ m(0) + m(0) + m(a) + m(a) _ 2ma _a

Yem = 4m C4m

The center of mass is (5, §).

Now, let’s remove the particle at A(0,0). The new coordinates of the center of mass are:

, m(a) +m(a) +m(0) 2ma 2a

Fem = 3m " 3m 3
, m(0) +m(a) +m(a) 2ma 2a
Yem = 3m " 3m 3
The new center of mass is (22, 22),

The shift in the position of the center of mass is the distance between the two points:

Sy

= () () v 5

Quick Tip

The center of mass of a system of particles is the average position of the particles,

weighted by their masses.
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90. In a time ‘t”, the amplitude of vibrations of a damped oscillator becomes half of its
initial value, then the mechanical energy of the oscillator decreases by:

(1) 40%

(2) 20%

(3) 75%

(4) 50%

Correct Answer: (3) 75%

Solution:

The mechanical energy of a damped oscillator is proportional to the square of its amplitude:
E x A?

Given that the amplitude is reduced to half of its original value:

.
2

The new mechanical energy becomes:

2
A 1
E=k(=)| =-kA?
k<2> ok

The percentage decrease in energy is calculated as:

E—FE kA2 — 1kA?
2

100 = 1
x 100 A x 100

1
:<1_Z> « 100 = 75%

Quick Tip

The energy of a damped oscillator decreases exponentially over time, and when the

amplitude is halved, the energy reduces to one-fourth of its initial value.

91. The energy required to take a body from the surface of the earth to a height equal
to the radius of the earth is 11/. The energy required to take this body from the surface

of the earth to a height equal to twice the radius of the earth is:

(1)
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w

(2) &-
) w

AW
4 =5~
Correct Answer: (4) 4V
Solution:
The energy needed to move a body from the surface of the Earth to a height & is given by:

1 1

W:GMm(E_RM)

For height h = R:

For height h = 2R:

W2 =GMm

. . 4
Thus, the required energy is =5-.

Quick Tip

The gravitational potential energy change follows an inverse relationship with dis-

tance, making energy calculations crucial in celestial mechanics.

92. A steel wire of length 3 m and a copper wire of length 2.2 m are connected end to
end. When the combination is stretched by a force, the net elongation is 1.05 mm. If the
area of cross-section of each wire is 6 mm?, then the load applied is:

(Young’s moduli of steel and copper are respectively 2 x 101! Nm~2 and 1.1 x 10! Nm™?).
(1) 180N

(2) 90N

(3) 135N

(4) 120N

Correct Answer: (1) 180N

Solution:
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To calculate the load applied to the combination of steel and copper wires, we need to use the
concept of Young’s modulus, which relates stress and strain in a material.

1. Given :

- Length of steel wire, L; = 3m

- Length of copper wire, L, = 2.2m

- Total elongation, AL = 1.05mm = 1.05 x 10~ m

- Cross-sectional area of each wire, A = 6 mm? = 6 x 10~%m?

- Young’s modulus of steel, Y, = 2 x 10 Nm™>

- Young’s modulus of copper, Y, = 1.1 x 10! Nm*

2. Calculating the Elongation for Each Wire:

- The total elongation is the sum of the elongations of the steel and copper wires:

AL =ALs+ AL,

- Using Young’s modulus formula AL = %, we can express the elongations as:

 FL,
-4

FL.
AYe

ALg

AL, =

- Therefore:
_ FL N FL,.
AY, AY.

L L
1.05><10—3:F( * 4 C)

AL

AY, AY.
3. Substitute the Given Values:

1.05x 103 = F ( 3 2:2 )

6 x 1076 x 2 x 1011 +6>< 1076 x 1.1 x 101!

3 9.9
1.05 x 1073 = F ( )
% 12 10° T 6.6 x 107

1.05 x 107% = F (2.5 x 107° +3.333 x 107°)

1.05x 107% = F (5.833 x 107°)

4. Solve for the Force F':
1.05 x 1073

F=————=~180N
5.833 x 106 50
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5. Final Answer: - The load applied is:

This corresponds to option (1).

Quick Tip

The total elongation in a series combination of wires is the sum of the elongations

of individual wires under the same force.

93. The height of water level in a tank of uniform cross-section is 5 m. The volume of
the water leaked in 5 s through a hole of area 2.4 mm? made at the bottom of the tank is
(Assume the level of the water in the tank remains constant and acceleration due to
gravity = 10 ms—2)

(1) 90 x 10~6m?

(2) 120 x 10~ 5m?3

(3) 80 x 10~6m?

(4) 40 x 1075m?

Correct Answer: (2) 120 x 10~6m3

Solution:

The velocity of water coming out of the hole is given by Torricelli’s theorem:

v = +/2gh

where g is the acceleration due to gravity and & is the height of the water level.

Given:
* h=5m
e g=10ms?

Therefore,

v=+v2x10x5=+v100 = 10 m/s

The area of the hole is given as A = 2.4 mm? = 2.4 x 1075 m2,
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The volume flow rate () is given by:

Q= Av
Q=24x10%m? x 10m/s = 2.4 x 10°° m?/s
The volume of water leaked in 5 seconds is:
V=@ xt

V=24x10"m?/s x5s5s=12x 1079 m? = 120 x 10~% m?

Therefore, the volume of water leaked in 5 seconds is 120 x 106 m?.

Quick Tip

Torricelli’s theorem is a special case of Bernoulli’s principle. It states that the speed
of efflux of a fluid through a sharp-edged orifice at the bottom of a tank filled to a
depth h is the same as the speed that a body would acquire in falling freely from a
height h.

94. The work done in increasing the diameter of a soap bubble from 2 cm to 4 cm is
(Surface tension of soap solution = 3.5 x 107 2Nm~1!)

(1)528 x 1076 J

(2) 264 x 10767

(3)132x 10767

(4)178 x 10767

Correct Answer: (2) 264 x 1076 J

Solution:

The work done in increasing the surface area of a soap bubble is given by:
W =TAA

where 7' is the surface tension and A A is the change in surface area.
The surface area of a soap bubble is given by A = 2 x 47r? since it has two surfaces.

Given:
e Initial diameter d; = 2 cm, so initial radius r; = 1 cm = 0.01 m
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e Final diameter dy = 4 cm, so final radius r = 2 cm = 0.02 m
e Surface tension 7 = 3.5 x 1072 Nm~!

Initial surface area:

Ap =2 x 4rr} = 87(0.01)% = 87 x 1074 m?
Final surface area:
Ay =2 x 4rrs = 871(0.02)? = 87 x 4 x 107* = 327 x 10~* m?
Change in surface area:
AA=Ay— AL =32 x 1071 =87 x 1074 = 247 x 107* m?

Work done:
W =TAA=35x10"2x 247 x 10~*
W = 84m x 107°
WA 84 x3.14x107°
W A 263.76 x 107 ]

This is approximately 264 x 107 J.
Final Answer: (2) 264 x 1076

Quick Tip

Remember that a soap bubble has two surfaces (inner and outer), so the surface area

is twice the area of a sphere.

95. The temperature on a Fahrenheit temperature scale that is twice the temperature
on a Celsius temperature scale is:

(1) 160°F

(2) 240°F

(3) 320°F

(4) 480°F

Correct Answer: (3) 320°F
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Solution:

We use the Fahrenheit-Celsius conversion formula:

9

Given that the Fahrenheit temperature is twice the Celsius temperature:

F=2C
Substituting ' = 2C + 32:
9
Solving for C"
2C — gC’ =32
D
1 —
0C -9C _ 19
)
C
— =32
5)
C =160°C
F=2C =320°F
Quick Tip

The relation F' = %(J + 32 helps in converting temperatures between Celsius and

Fahrenheit.

96. The temperatures of equal masses of three different liquids A, B, and C are 15°C,

24°C', and 30°C respectively. The resultant temperature when liquids A and B are
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mixed is 20°C' and when liquids B and C are mixed is 26°C. Then the ratio of specific
heat capacities of the liquids A, B, and C is:

(1) 5:8:10

(2) 8:10:5

(3) 5:10:8

(4) 8:5:10

Correct Answer: (2) 8:10:5

Solution:

Using the principle of calorimetry:

maca(Ty —Ta) = mpep(Tp — Ty)

(20 — 15) = c5(24 — 20)

5cyq = 4cp

CA = —-CB

For B and C:

cp(26 —24) = (30 — 26)

2cg = 4co

cc = 5¢B

Thus, the ratio is:



Quick Tip

mix.

The principle of calorimetry states that heat lost = heat gained when two substances

97. The efficiency of a reversible heat engine working between two temperatures is

50%. The coefficient of performance of a refrigerator working between the same two

temperatures but in reverse direction is:

(D1

(2)2

(3)3

(4)4

Correct Answer: (1) 1
Solution:

The efficiency of a heat engine is:

T
TH—T(;:TH

Ty =21¢

The coefficient of performance (COP) of a refrigerator is given by:

To
COP = ———
Ty —Tco
T T,
cop=_—-¢ __-C_
Ty —Tc To
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Quick Tip

COP of a refrigerator is the inverse of the efficiency difference of a heat engine op-

erating between the same temperatures.

98. The total internal energy of 4 moles of a diatomic gas at a temperature of 27°C is:
(Universal gas constant R = 8.31J mol_lK*I)

(1) 13.47kJ

(2) 4.98kJ

(3) 24.93kJ

(4) 14.96kJ

Correct Answer: (3) 24.93kJ

Solution:

The internal energy of a diatomic gas is given by:

U = gnRT

where: - n = 4 (number of moles), - R = 8.31J mol 'K ! (universal gas constant), -

T = 27+ 273 = 300 K (temperature in Kelvin).

U=g><4><8.31><300

U =24.93kJ

Quick Tip

For diatomic gases, the internal energy is calculated using U = 3nRT because of the

degrees of freedom.

99. A car travelling at a speed of 54 kmph towards a wall sounds a horn of frequency

400 Hz. The difference in the frequencies of two sounds, one received directly from the
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car and the other reflected from the wall, noticed by a person standing between the car
and the wall is:

(Speed of sound in air is 335 m/s)

(1) 359 Hz

(2) 20Hz

(3) 7T0Hz

(4)0

Correct Answer: (4) 0

Solution:

To solve this problem, we need to calculate the difference in frequencies between the sound
received directly from the car and the sound reflected from the wall. This involves the
Doppler effect for both the approaching car and the reflected sound.

1. Convert the car’s speed to meters per second:

1000
Akmph=54x — =1
5 ph = 54 x 3600 5m/s

2. Calculate the frequency received directly from the car: - The observer is stationary, and
the car is moving towards the observer. - The formula for the Doppler effect when the source
1s moving towards the observer is:

v

Jo

f direct —
U - Us

where v = 335 m/s (speed of sound), vs = 15 m/s (speed of the car), and fy = 400 Hz (original
frequency). - Plugging in the values:

335 335
fdirect = m x 400 = % x 400 ~ 418.75 Hz

3. Calculate the frequency of the sound reflected from the wall: - The car is moving towards
the wall, so the frequency of the sound hitting the wall is:

v 335
_ 20 400 ~ 418.75H
oo Jo =355 % g

fwall =

- The wall reflects this frequency, and the observer hears the reflected sound. Since the wall
is stationary, the frequency received by the observer from the wall is the same as the
frequency hitting the wall:

freflected = 418.75 Hz
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4. Calculate the difference in frequencies: - The difference between the directly received

frequency and the reflected frequency is:
Af = freﬂected - fdirect = 418.75 — 418.75 = OHz

5. Final Answer: - The difference in the frequencies noticed by the person is:

[0]

This corresponds to option (4).

Quick Tip

The Doppler effect occurs due to relative motion between the sound source and the

observer, affecting the perceived frequency.

100. The speed of a transverse wave in a stretched string ’A’ is ’v’. Another string ’B’
of same length and same radius is subjected to same tension. If the density of the
material of the string ’B’ is 2% more than that of ’A’, then the speed of the transverse
wave in string ’B’ is

(1) V1.04v

(2) V1.02v

3) 7
Vi

Correct Answer: (4) \/fﬁ

Solution:

The speed of a transverse wave in a stretched string is given by:

T
V=4/—
"

where T is the tension and . is the linear mass density. The linear mass density is given by:

m_ﬂ_pAL_

_m A
h=7~-717 -1 ~°

where p is the density of the material and A is the cross-sectional area. Since the length and

radius of the strings are the same, the cross-sectional area is the same. Let p4 and pp be the

134



densities of strings A and B respectively. We are given that pp = p4 + 0.02p4 = 1.02p4. Let

v4 and vp be the speeds of the transverse waves in strings A and B respectively. We have:

| T
Vg =4/ —— =0
paA
T T
v = R -
B opA 1.02p4A
v paA 1
va  \ 1.02p44 \ 1.02
1 v
v =V _—
B=5V 102~ Vioe

We can write:

Quick Tip

The speed of a transverse wave in a string is inversely proportional to the square

root of the linear mass density.

101. For a combination of two convex lenses of focal lengths f; and f; to act as a glass
slab, the distance of separation between them is:
(D fi+ fo

2) L=/
@ b

) L5k

Correct Answer: (1) f1 + fo

Solution:

For two convex lenses to act as a glass slab, the net optical path difference should be zero.
This happens when the separation between the lenses is equal to the sum of their focal

lengths:

d= fi+ f2
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Quick Tip

When two convex lenses act as a glass slab, the optical path remains unchanged,

requiring a separation of f; + f.

102. If a ray of light passes through an equilateral prism such that the angle of
incidence and the angle of emergence are both equal to 70% of the angle of the prism,
then the angle of minimum deviation is:

(1) 36°

(2) 18°

(3) 42°

(4) 24°

Correct Answer: (4) 24°

Solution:

For an equilateral prism with angle A, when the angle of incidence and emergence are equal,

the condition for minimum deviation holds:

Dy, =2i— A

Given: = 0.7A:

Dy, =2(07TA) —A=14A—- A=04A

For an equilateral prism, A = 60°:

Dy, = 0.4 x 60 = 24°

Quick Tip

At minimum deviation, the angle of incidence and emergence are equal, Solvinging

calculations for the deviation angle.
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103. Young’s double slit experiment is performed with monochromatic light of
wavelength 6000A. If the intensity of light at a point on the screen where path difference
is 2000A is 7; and the intensity of light at a point where path difference is 10004 is I,
then the ratio /; : 15 is:

(1)1:3

2)2:1

3)1:1

4)4:5

Correct Answer: (1)1:3

Solution:

To determine the ratio /; : I3 in Young’s double slit experiment, we need to analyze the
interference pattern and how the path difference affects the intensity of light at different
points on the screen.

1. Given Data: - Wavelength of light, A\ = 6000A - Path difference at point 1, A; = 2000A -
Path difference at point 2, A, = 1000A - Intensity at point 1, I; - Intensity at point 2, I

2. Calculate the Phase Difference: - The phase difference ¢ is related to the path difference A
by:

21 A
°=x
- For point 1:
27 X 2000A 27
Y 6000A 3
- For point 2:
5 27 x 1000A =
*7 T 6000A 3

3. Calculate the Intensity: - The intensity [ at a point on the screen is given by:

I =4I, cos? <§)

where [ is the intensity of light from a single slit. - For point 1:

2

1
I = 41 cos® (%) = 4] cos? (g) =41 <§) =1y

2
st (3) e ) - () =
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4. Determine the Ratio I; : Is: - The ratio of the intensities is:
L:Iob=1y:3[p=1:3

5. Final Answer: - The ratio I; : I is:
1:3]

This corresponds to option (1).

Quick Tip

In YDSE, intensity variation depends on the cosine square of the phase difference,

affecting the bright and dark fringes.

104. Two positive point charges are separated by a distance of 4 m in air. If the sum of
the two charges is 36,.C and the electrostatic force between them is 0.18 N, then the
bigger charge is:

(1) 30uC

(2) 18uC

(3) 20uC

4) 16uC

Correct Answer: (3) 20uC

Solution:

Using Coulomb’s law:

F— le;D
T

where: - k=9 x 10°Nm?C 2, -r =4m, - ¢ + g2 = 36uC, - F = 0.18 N.

Substituting values:

0.18 = 9 x 107 x LL
0.18 x 16 ~12
- 2
N2 =55 50 < 10
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qi192 = 3.2 X 10_12(:2

Solving for q1, go:

36 + /362 — 4 x 3.2
2

q1,92 =

q1 = 20uC, g2 = 16uC

Thus, the larger charge is 20uC'.

Quick Tip

In Coulomb’s law problems, solving quadratic equations often helps determine indi-

vidual charges when their sum is given.

105. Three capacitors of capacitances 10 /F, 5 ,F and 20 ,F are connected in series
with a 14 V dc supply. The charge on 5 ,/F capacitor is

(1) 20 uC

(2) 40 uC

(3) 70 uC

4) 2.8 uC

Correct Answer: (2) 40 uC

Solution:

When capacitors are connected in series, the charge on each capacitor is the same. The

equivalent capacitance of the series combination is

1 1 1 1 2+4+1 7

C 10 * 5 20 20 20’
soC = % pE. The charge on this equivalent capacitor is

2
Q:CV:7O><14:4OMC.

This is also the charge on the 5 /" capacitor.
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Quick Tip

When capacitors are connected in series, the reciprocal of the equivalent capacitance

is the sum of the reciprocals of the individual capacitances.

106. When the temperature of a wire is increased from 303 K to 356 K, the resistance of
the wire increases by 10%. The temperature coefficient of resistance of the material of
the wire is:

(1)2x 1073°C1

(2)2x 1074°C1

(3) 1.1 x 1073°C~!

(4)1.1 x 10~4°C!

Correct Answer: (1) 2 x 1073°C~!

Solution:

The resistance-temperature relation is given by:

Rp = Ro(1+ aAT)

where: - Rp = 1.1Ry (given increase by 10%), - AT = 356 — 303 = 53K, - « is the

temperature coefficient.

1.1Ry = Ro(l +a X 53)

1.1 =1+ 53«

0.1
= —188x10 3 ~2x103
‘753

Quick Tip

The temperature coefficient of resistance is calculated from the fractional change in

resistance per unit temperature change.
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107. Three resistors of resistances 102, 20¢2, and 3052 are connected as shown in the
figure. If the points A, B, and C are at potentials 101/, 6V, and 5V respectively, then the

ratio of the magnitudes of the currents through 1002 and 302 resistors is:

1003
[P— T, ¥, W
B AN
0
i T W—
LA
(1)1:3
2)3:1
3)1:2
@)2:1

Correct Answer: (4)2:1
Solution:
Using Ohm’s Law = ¥,
For the 1092 resistor:
Va-Vp 106

4
I — — — —04A
L 10 10 10

For the 30 resistor:

_VB—V0_6—5

I
2 30 30

1
=—=0.24
30

Ratio:

I :[5=04:02=2:1
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Quick Tip

In a parallel circuit, currents through different branches depend on both the resis-

tance and the potential difference across them.

108. A particle of charge 2C is moving with a velocity (3i + 4;) m/s in the presence of
magnetic and electric fields. If the magnetic field is (i + 2j + 3k) T and the electric field
is (—2k) NC~1, then the Lorentz force on the particle is:

(1) 50N

(2) 20N

(3) 30N

(4) 40N

Correct Answer: (3) 30N

Solution:

The Lorentz force is given by:

F=q(E+7xB)

First, calculate the cross product 7 x B:

w
[N} =~ <o
w =) oabl

—i(4x3-0x2)—j(3x3—-0x1)+k(Bx2—4x1)

—=1(12) — 7(9) + k(6 — 4)

=12i — 9j + 2k

Now, adding E:

~

E+7x B = (12 — 9] + 2k) + (—2k)
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=12i — 95 + Ok

Multiplying by g = 2C:

F=2(12i — 97 + 0k) = 24i — 18

Magnitude:
[Fl = /(242 + (-18)?
= /576 + 324 = V900 = 30N
Quick Tip

Lorentz force accounts for both electric and magnetic effects on a charged particle,

calculated as ¢(E + 7 x B).

109. A rectangular coil of 400 turns and 102 m? area, carrying a current of 0.5 A is
placed in a uniform magnetic field of 1 T such that the plane of the coil makes an angle
of 60° with the direction of the magnetic field. The initial moment of force acting on the
coil in Nm is:

(D) V3

2 L

3)1

(4) %

Correct Answer: (3) 1

Solution:

We are tasked with Calculating the initial moment of force (torque) acting on a rectangular
coil placed in a uniform magnetic field. The given parameters are:

Number of turns, N = 400,

Area of the coil, A = 1072 m?,

Current through the coil, I = 0.5 A,
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Magnetic field strength, B = 1T,
Angle between the plane of the coil and the magnetic field, 6 = 60°.
Step 1: Recall the formula for torque on a current-carrying coil

The torque (7) acting on a current-carrying coil in a magnetic field is given by:

T=N-I-A-B-sin(¢)

where:

N 1s the number of turns,

I is the current,

A is the area of the coil,

B 1s the magnetic field strength,

¢ is the angle between the magnetic field and the normal to the plane of the coil.

Step 2: Determine the angle ¢

The angle # = 60° is the angle between the plane of the coil and the magnetic field. The
angle ¢ is the angle between the normal to the plane of the coil and the magnetic field. These

two angles are complementary, so:

¢ =90° — 0 =90° —60° = 30°

Step 3: Substitute values into the torque formula

Substitute the given values into the torque formula:

T=N-1-A-B-sin(¢)

7=400-0.5-10"2-1-sin(30°)

Solving:

=400-05-10"2-1-0.5

T =400-0.5-10"2-.0.5
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7 =400 -0.0025

7 =1Nm

Thus, the initial moment of force acting on the coil is 1 Nm.

Quick Tip

The torque on a coil in a magnetic field is maximum when the plane of the coil is
perpendicular to the magnetic field and minimum when the plane is parallel to the

field.

110. The most exotic diamagnetic materials are:

(1) Superconductors

(2) Semiconductors

(3) Conductors

(4) Resistors

Correct Answer: (1) Superconductors

Solution:

Diamagnetic materials are those which are repelled by a magnetic field. Superconductors
exhibit perfect diamagnetism, meaning they expel all magnetic fields when cooled below a
certain temperature, which is why they are considered one of the most exotic diamagnetic

materials.

Quick Tip

Superconductors are unique in that they show perfect diamagnetism, a phenomenon
known as the Meissner effect, which is absent in other materials like semiconduc-

tors or conductors.

111. Two circular coils of radii ; and r, (r; < r7) are placed coaxially with their

centers coinciding. The mutual inductance of the arrangement is:
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(1

(2) Lorrirs
2(r1 +7‘2)

(3 umﬂ“l

27"2

o (ri+r2)
(4 27’17“2

Correct Answer: (3) &3 “‘W%
Solution:

The mutual inductance M between two circular coils is given by:

2
_ HOTTY
2r9

where r1 and r2 are the radii of the coils, and r; < r2 implies that the first coil is much

smaller than the second coil.

Quick Tip

In the case of coaxially placed circular coils with r; < 79, the mutual inductance

. . 2
can be approximated using the formula £57L.
r2

112. In a series LCR circuit, if the current leads the source voltage, then:

(D) Xe > Xy,

(2) X > Xc¢

(3) X =Xc #0

(4) X =Xc=0

Correct Answer: (1) X¢ > X,

Solution:

In an LCR circuit, the phase relationship between voltage and current depends on the

reactances:

The phase angle ¢ is given by:

tan ¢ =
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If the current leads the voltage, the circuit behaves like a capacitive circuit, meaning:

Xo > Xp,

Quick Tip

In a series LCR circuit, the circuit is capacitive when X > Xj, causing the current

to lead the voltage.

113. If the amplitude of the magnetic field part of a harmonic electromagnetic wave in
vacuum is 270 n'T, the amplitude of the electric field part of the wave is:

() 90NC™!

(2) 8INC™!

(3) 9NC ™!

(4) 30NC™!

Correct Answer: (2) 81NC !

Solution:

The relation between electric field amplitude £y and magnetic field amplitude By in an

electromagnetic wave is:

Ey = cBy

where ¢ = 3 x 108 m/s and By = 270 x 1079 T.

Eo = (3 x10%) x (270 x 1079)

Ey=8INC!

Quick Tip

The amplitudes of electric and magnetic fields in an EM wave are related by Fy =

cBy.
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114. If Planck’s constant is 6.63 x 10734 Js, then the slope of a graph drawn between
cut-off voltage and frequency of incident light in a photoelectric experiment is:
(1)4.14 x 1071% Vs

(2) 19.776 x 107 Vs

(3) 2.198 x 107° Vs

(4) 1.337 x 10715 Vs

Correct Answer: (1) 4.14 x 107 Vs

Solution:

The equation for the photoelectric effect is:

eVs=hf—¢

where: - e is the elementary charge (1.6 x 10719 C), - V; is the stopping potential, - h is
Planck’s constant (6.63 x 10734 Js), - f is the frequency of incident light.

The slope of the V; vs f graph is:

h  6.63x 1073

e 1.6x10-19

—4.14 x 1071%Vs

Quick Tip

The slope of the stopping potential vs frequency graph in a photoelectric experiment

gives h/e.

115. At room temperature, gaseous hydrogen is bombarded with a beam of electrons of
13.6 eV energy. The series to which the emitted spectral line belongs to:

(1) Lyman series

(2) Balmer series

(3) Paschen series

(4) Pfund series

Correct Answer: (1) Lyman series
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Solution:

The energy of 13.6 eV corresponds to the ionization energy of hydrogen, meaning the
electron is excited to the highest possible energy level and then de-excites.

The emitted spectral lines belong to the Lyman series when an electron transitions to the

n = 1 energy level:

AE = hy =13.6 (1 — i?) eV
n

Since all transitions end at n = 1, the emitted radiation falls in the ultraviolet region,

characteristic of the Lyman series.

Quick Tip

The Lyman series corresponds to electronic transitions where the final state is n = 1,

producing ultraviolet radiation.

116. The half-life of a radioactive substance is 12 minutes. The time gap between 28 %
decay and 82% decay of the radioactive substance is:

(1) 6 minutes

(2) 18 minutes

(3) 12 minutes

(4) 24 minutes

Correct Answer: (4) 24 minutes

Solution:

Radioactive decay follows the formula:

N = Noe ™M

where the decay constant is related to half-life:

~ In2
ny

Given T 5 = 12 min, the fraction remaining at 28% decay is:

A
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At 82% decay:

Solving for ¢:

‘o In(0.18)
~ In(0.5)
The difference between the two times is 24 minutes.

x 12

Quick Tip

The time gap between two decay levels is determined using the exponential decay

formula.

117. An element consists of a mixture of three isotopes A, B, and C of masses 1, mo,
and m3 respectively. If the relative abundances of the three isotopes A, B, and C is in
the ratio 2:3:5, the average mass of the element is:

(1) 0.2mq + 0.3mg + 0.5m3

(2) 2my + 3msg + 5mg

(3) 0.4my + 0.6ma + ms3

(4) 4mq + 6mg + 10ms3

Correct Answer: (1) 0.2m7 + 0.3mo + 0.5mg3

Solution:

The average atomic mass is given by:

B 2m1 + 3msg + bmg
B 2+3+5

M

~ 2my + 3mg + Smg
N 10
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= 0.2m1 + 0.3mo + 0.5mg

Quick Tip

The average atomic mass is found using the weighted sum of isotopic masses di-

vided by the total abundance.

118. The concentration of electrons in an intrinsic semiconductor is 6 x 10> m=3. On
doping with an impurity, the electron concentration increases to 4 x 10?2 m 3. In
thermal equilibrium, the concentration of the holes in the doped semiconductor is:
(D18 x 107 8m=3

(2)1.5x 107 m™3

(3)9 x 103m=3

(4)2x10"m™3

Correct Answer: (3) 9 x 103 m=3

Solution:

For semiconductors, the intrinsic carrier concentration satisfies:

n? = neny,

where: - n; =6 x 10 m ™3, - n, =4 x 102 m=3.

Solving for ny:

S
o

3
®

(6 x 1019)2
4 x 1022

36 x 10%
4 x 102

=9x108m3
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Quick Tip

In semiconductors, doping increases the electron concentration, reducing the hole

concentration while maintaining n? = n.ny,.

119. Three logic gates are connected as shown in the figure. If the inputs are A = 1 and

B =1, then the values of y; and 13- respectively are:

Aw " ) }.1

| =1

b e D_.F

(1)0,0

(2)0,1

(3) 1,0

4 1,1

Correct Answer: (2) 0,1

Solution:

For the given combination of logic gates:

First gate performs an AND operation, and since both inputs are A = 1 and B = 1, the output
of the first gate (y;) will be 1.

The second gate performs a NAND operation, and since the inputis A = 1 and B = 1, the
output of the second gate (y2) will be 0.

Thus, the values of y; and ys are 0, 1, respectively.

Quick Tip

For logic gates, remember that: - The AND gate outputs 1 if both inputs are 1, else
it outputs 0. - The NAND gate outputs O if both inputs are 1, else it outputs 1.
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120. The heights of the transmitting and receiving antennas are 33.8 m and 64.8 m
respectively. The maximum distance between the antennas for satisfactory
communication in line of sight mode is:

(Radius of the earth = 6400 km)

(1) 20.8 km

(2) 28.8 km

(3) 49.6 km

(4) 57.6 km

Correct Answer: (3) 49.6 km

Solution:

To determine the maximum distance between the transmitting and receiving antennas for
satisfactory communication in line of sight mode, we can use the formula for the line of sight

distance between two antennas:

d = \/2Rh; + \/2Rh,
where:
d 1s the maximum distance between the antennas,
R is the radius of the Earth,
hy is the height of the transmitting antenna,
h, 1s the height of the receiving antenna.
Given Data:
Height of transmitting antenna, h; = 33.8m
Height of receiving antenna, h, = 64.8m
Radius of the Earth, R = 6400 km = 6400 x 10> m
Calculation:

1. Calculate the distance contributed by the transmitting antenna:

dy = \/2Rh; = \/2 x 6400 x 103 x 33.8

di = \/2 x 6400 x 33.8 x 103 = 1/432640 x 103 ~ 657.8x 10! ~ 657.8x31.62 ~ 20800 m = 20.8 km

2. Calculate the distance contributed by the receiving antenna:

dy = \/2Rh, = \/2 x 6400 x 103 x 64.8
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dy = \/2 x 6400 x 64.8 x 103 = /829440 x 103 =~ 910.8x 10" ~ 910.8x31.62 ~ 28800 m = 28.8 km

3. Sum the distances to get the maximum line of sight distance:
d=d; +d, = 20.8km + 28.8km = 49.6 km

Final Answer:

The maximum distance between the antennas for satisfactory communication is:

This corresponds to option (3).

Quick Tip

When calculating the line of sight distance between antennas, remember to account

for the heights of both antennas and use the Earth’s radius in the formula.

Chemistry

121. Identify the pair of species having the same energy from the following: (The
number given in the bracket corresponds to the principal quantum number (n) in
which the electron is present.)

(H)H(n =1),Li* (n=1)

(2) Li**(n = 3),Be*" (n = 4)

(3) He™ (n = 1),Li*" (n = 3)

(4) H(n = 3),Li*" (n = 2)

Correct Answer: (2) Li** (n = 3), Be*"(n = 4)

Solution:

To identify the pair of species having the same energy, we need to consider the energy levels
of electrons in hydrogen-like species. The energy of an electron in a hydrogen-like species is
given by:

13.6eV - 72

E, = 3

n

where: - Z is the atomic number, - n is the principal quantum number.
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Analysis of Each Option:
1. Option (1): Hn =1),Li**(n=1)-ForH(Z=1,n= 1):

13.6 - 12
By =-—0 — —13.6eV
-For Li** (Z=3,n=1):
13.6 - 32
By = — 3 ‘132 3 12946V

- Energies are not the same.

2. Option (2): Li*"(n = 3),Be>" (n = 4) - For Li*" (Z =3, n=3):

13.6 - 32
By = —=2 " = ~13.6eV
-ForBe*" (Z=4,n=4):
13.6 - 42
Ey=— 3 22 = —13.6eV

- Energies are the same.

3. Option (3): He™(n = 1),Li**(n = 3) - For He* (Z=2,n = 1):

13.6 - 22
B = — 3f2 = —54.4eV
-For Li*" (Z=3,n=23):
13.6 - 32
Es = — 3223 = —13.6eV

- Energies are not the same.

4. Option (4): H(n = 3),Li*" (n=2)-ForH(Z=1,n=3):

13.6 - 12
E3:—322 — —1.51eV
- For Li*" (Z=3,n=2):
13.6 - 32
Ey=— 223 = —30.6eV

- Energies are not the same.

Final Answer: - The pair of species having the same energy is:

Li*"(n = 3),Be*"(n = 4)

This corresponds to option (2).
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Quick Tip

When dealing with hydrogen-like atoms, remember that the energy levels only de-

pend on the atomic number Z and the principal quantum number n.

122. Which one of the following corresponds to the wavelength of line spectrum of H
atom in its Balmer series? (R = Rydberg constant)

(D) 55

(2) 3%

3) 5%

4) 125

Correct Answer: (2) %

Solution:

To determine which option corresponds to the wavelength of a line in the Balmer series of

the hydrogen atom, we use the Rydberg formula for the Balmer series:

1 1 1
T G
where: - X is the wavelength, - R is the Rydberg constant, - n is an integer greater than 2

(since the Balmer series corresponds to transitions to the n = 2 level).

Analysis of Each Option:
1. Option (1): 8% - Rearrange to find A:
9
= —
8R
- Using the Rydberg formula:
18R R (1 1 )
A9 T4 n?
s_1_1
9 4 n?
1 1 8 9-32 23
n2 4 9 36 36

- This is not possible since # cannot be negative.

2. Option (2): % - Rearrange to find A:

100
 21R
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- Using the Rydberg formula:

121 11
05 )

A 100 "\14 g2
2 1 1
100 4 n2
1 1 21 25-21 4 1
n2 4 100 100 100 25

1
n*=25 = n=>5
- This is a valid transition (n = 5 to n = 2).Option (2) is valid.

3. Option (3): % - Rearrange to find A:

25
- 24R
- Using the Rydberg formula:
1 24R 1 1
=2 =R )
24 1 1
25 4 n?
1 1 24 25-96 71
n? 4 25 100 100

- This is not possible since 3; cannot be negative.

4. Option (4): % - Rearrange to find A:

16
A= ——
15R
- Using the Rydberg formula:
1 15R 1 1
5= 2 )
15 1 1
16 4 n?
1 1 15 4-15 11
n? 4 16 16 16

- This is not possible since # cannot be negative.

Final Answer: The wavelength corresponding to a line in the Balmer series of the hydrogen

atom 1s:

100
21R

This corresponds to option (2).
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Quick Tip

The Balmer series corresponds to transitions where the electron falls to the n = 2

level.

123. Identify the pair of elements in which the number of s-electrons to p-electrons
ratio is 2:3:

(1) P, Mg

(2)P,Ca

(3) O, Mg

4 0,S

Correct Answer: (2) P, Ca

Solution:

Phosphorus (P) has the electronic configuration 1522522p%3s23p3, so it has 4 s-electrons and 3
p-electrons.

Calcium (Ca) has the electronic configuration 1522522p%3s23p%452, so it has 6 s-electrons and
6 p-electrons.

The ratio of s-electrons to p-electrons for the pair (P, Ca) is 2:3, making it the correct answer.

Quick Tip

To find the ratio of s-electrons to p-electrons, count the total number of electrons in

the respective orbitals for each element.

124. Which of the following has the least electron gain enthalpy?
(1) Chlorine

(2) Iodine

(3) Oxygen

(4) Sulphur

Correct Answer: (3) Oxygen

Solution:
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Electron gain enthalpy becomes more negative across a period and less negative down a
group.

Oxygen and Sulphur belong to Group 16, but due to the smaller size of Oxygen, the added
electron experiences greater repulsion, making its electron gain enthalpy less negative than
Sulphur.

Among all options, Oxygen has the least electron gain enthalpy.

Quick Tip

Smaller atoms tend to have less negative electron gain enthalpy due to stronger

electron-electron repulsion.

125. According to Fajan’s rules, which of the following is not correct about covalent
character?

(1) KF < KI

(2) LiF < KF

(3) SnCly < SnCly

(4) NaCl < CuCl

Correct Answer: (2) LiF < KF

Solution:

Fajan’s rule states that covalent character increases with smaller cation size and higher
charge.

LiF should have more covalent character than KF, as Li* has a higher charge density than
K+,

The given statement ”LiF < KF” is incorrect because LiF is more covalent than KF.

Quick Tip

Covalent character increases with smaller cation size and larger anion size, as per

Fajan’s rules.

126. Consider the following pairs:
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(A) NO2 > O3 > HyO (Bond angle)

(B) HF > H,O > NH3 (Dipole moment)

(C) Iy > F2 > N» (Bond length)

Which of the above pairs are correctly matched?

(LA, B&C

(2) B & C only

(3) A & C only

(4) A & B only

Correct Answer: (3) A & C only

Solution:

(A) NO2 > O3 > H20 (Bond angle): Correct, because NO» has the least lone-pair repulsions,
leading to a larger bond angle.

(B) HF > H,O > NHj; (Dipole moment): Incorrect, because HoO has a higher dipole
moment than HF due to its bent structure.

(C) Ir > F2 > Ny (Bond length): Correct, because bond length increases with atomic size.

Quick Tip

Bond angles are influenced by lone pairs and hybridization, while bond lengths de-

pend on atomic size and bond order.

127. An open vessel containing air was heated from 27°C to 727°C. Some air was
expelled. What is the fraction of air remaining in the vessel? (Assume air as an ideal
gas)

(1) 15

3) 5
4) 5

Correct Answer: (2) 5
Solution:

Using the ideal gas law, we know that the pressure and temperature are directly proportional
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when the volume is constant. The fraction of air remaining can be determined by comparing

the initial and final temperatures:

T, Va

T W
Where T = 27°C = 300K and T, = 727°C = 1000K. The fraction of air remaining is %

. . 7
which is 15+

Quick Tip

In thermodynamics, the fraction of gas remaining can often be found by using the
ideal gas law and considering the relationship between pressure, volume, and tem-

perature.

128. 12 g of an element reacts with 32 g of oxygen. What is the equivalent weight of the
element?
(1) 12
(2)6
(3)4
4)3
Correct Answer: (4) 3
Solution:
The equivalent weight of an element is calculated by dividing the molecular weight of the
element by its valency. In this case, the molecular weight of the element is given as 12 g, and
it reacts with 32 g of oxygen, which has a molecular weight of 32 g. The equivalent weight
is:

Molecular weight of element 12

Equivalent weight = Valency T= 3

Quick Tip

To calculate the equivalent weight of an element, divide its molecular weight by its

valency.

161



129. The standard enthalpy of formation (AH?) of ammonia is -46.2 kJ/mol. What is
the A} of the following reaction?

No(g) + 3Ha(g) — 2N H3(g)

(1)-46.2kJ

(2) +46.2 kJ

(3)-92.4KkJ

(4)-184.8kJ

Correct Answer: (3) -92.4 kJ

Solution:

For the reaction provided, the change in enthalpy can be calculated using Hess’s Law. Given
that the formation enthalpy of ammonia is -46.2 kJ/mol, and the reaction produces 2 moles of

ammonia, the enthalpy change for the reaction is:

AHj =2 x (—46.2) = —92.4kJ/mol

Thus, the standard enthalpy of formation for this reaction is -92.4 kJ.

Quick Tip

When using Hess’s Law, remember that the enthalpy change for a reaction is the

sum of the enthalpy changes for the formation of products and reactants.

130. At T(K), K. for the reaction AO2(g) + BO2(g) = AO3(g) + BO(g) is 16. One mole
each of reactants and products are taken in a 1L flask and heated to T(K), and
equilibrium is established. What is the equilibrium concentration of BO (in mol L~1)?
(1) 1.6

(2)0.4

3)1.2

4) 0.8

Correct Answer: (1) 1.6
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Solution:

Let the reaction be: AO2(g) + BO2(g) = AO3(g) + BO(g)

Initial concentrations: [AOs] = 1 mol/L [BOy] = 1 mol/L [AO3] = 1 mol/L [BO] = 1 mol/L
Let x be the change in concentration at equilibrium. Equilibrium concentrations: [AO2] =1 -
X [BO3]=1-x[AO3]=1+x[BO]=1+x

The equilibrium constant K. is given by:

_ [AO3][BO]
Ke = 120,][BOy]

Given K. = 16, we have:

16— (1+2z)(1+x) _ (1—1—::1;)2

Taking the square root of both sides:
14z
Cl-x

41—x)=1+=x

4

4—4x =14z
3 =5z
3
r=-=20.6

5
The equilibrium concentration of BO is: [BO]=1+x=1+0.6=1.6 mol/L

Quick Tip

Remember to set up an ICE table (Initial, Change, Equilibrium) to solve equilibrium

problems.

131. Observe the following reactions:

. H30(1) + 2Na(s) — 2NaOH (aq) + Ha(g)
IL. 2H,0(1) + 2F»(g) — 4H " (aq) + 4F~ (aq) + O2(g)

Identify the correct statement:
(1) In both reaction I and reaction II, water is oxidized.

(2) In both reaction I and reaction II, water 1s reduced.
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(3) In reaction I water is reduced and in reaction II water is oxidized.

(4) In reaction I water is oxidized and in reaction II water is reduced.

Correct Answer: (3) In reaction I water is reduced and in reaction II water is oxidized.
Solution:

To identify the correct statement about the reactions, we need to analyze the oxidation and
reduction processes in each reaction.

Reaction I:

Hy0(1) + 2Na(s) — 2NaOH (aq) + Ha(g)

Oxidation: Sodium (Na) is oxidized from 0 to +1.

Reduction: Water (H20) is reduced. The hydrogen in H20O goes from +1 to 0 in Hs.
Thus, in Reaction I, water is reduced.

Reaction II:

2H0(1) + 2Fy(g) — 4H (aq) + 4F (aq) + O2(g)

Oxidation: Water (H20) is oxidized. The oxygen in H20O goes from —2 to 0 in O.
Reduction: Fluorine (F5) is reduced from 0 to —1.

Thus, in Reaction II, water is oxidized.

Correct Statement:

In Reaction I, water is reduced.

In Reaction II, water is oxidized.

The correct option is:

’ (3) In reaction I water is reduced and in reaction II water is oxidized.

Quick Tip

Oxidation is the loss of electrons, while reduction is the gain of electrons.

132. What is the correct stability order of KOy, RbO3, CsO2?
(1) KO3 < CsOy < RbO:
(2) CsOy < KOz < RbO2
(3) CsO9 < RbOy < KOo
(4) KOz < RbOy < C'sOq
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Correct Answer: (4) KOy < RbOy < CsO9

Solution:

To determine the correct stability order of KOs, RbO2, and C'sO2, we need to consider the
stability of the superoxide ion (O;) in these compounds. The stability of the superoxide ion
is influenced by the size of the alkali metal cation. Larger cations stabilize the superoxide ion
better due to lower charge density and weaker electrostatic attraction.

Stability Trend:

As we move down the alkali metal group (from K to Rb to C's), the size of the cation
increases.

Larger cations (like C's™) stabilize the superoxide ion (O, ) more effectively than smaller
cations (like K™T).

Thus, the stability order of the superoxides is:
KOQ < RbOQ < CSOQ

Correct Option: The correct stability order is:

| KO3 < RbO; < Cs0,

This corresponds to option (4).

Quick Tip

Superoxides contain O, ions and are more stable with smaller cations due to better

electrostatic interactions.

133. Assertion (A): MgO,CaO, SrO, and BaO are insoluble in water.

Reason (R): In aqueous medium, the basic strength of M ¢O, CaO, SrO, and BaO increases
with increase in the atomic number of the metal.

The correct option among the following is

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

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

(3) (A) is correct but (R) is not correct.

(4) (A) is not correct but (R) is correct.
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Correct Answer: (4) (A) is not correct but (R) is correct.

Solution:

Assertion (A): MgO, CaO, SrO, and BaO are insoluble in water.

This statement is not entirely correct. While MgO has very low solubility in water, the
solubility of the oxides of alkaline earth metals generally increases as you go down the
group. CaO, SrO, and BaO react with water to form their respective hydroxides, which are
soluble to varying degrees.

Reason (R): In an aqueous medium, the basic strength of MgO, CaO, SrO, and BaO
increases with an increase in the atomic number of the metal.

This statement is correct. As you move down the group in the periodic table, the size of the
metal cation increases. This leads to a weaker attraction between the metal cation and the
oxide ion (O?), making it easier for the oxide to donate electrons and act as a base.
Therefore, the basic strength of the oxides increases down the group.

Correct Option:

Since the assertion is not entirely correct, but the reason is correct, the answer is (4) (A) is
not correct but (R) is correct. Explanation:

The solubility and basic strength of these oxides are related to the size and charge density of
the metal cations. Smaller cations with higher charge density (like Mg?) have a stronger
attraction to the oxide ion, making the oxide less soluble and less basic. Larger cations with
lower charge density (like Ba?) have a weaker attraction to the oxide ion, making the oxide

more soluble and more basic.

Quick Tip

The solubility of metal oxides generally increases down the group due to decreasing

lattice energy.

134. Identify the element for which +1 oxidation state is more stable than +3 oxidation
state.

(1) Ga

(2) Sn
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(3) Tl

4) Ge

Correct Answer: (3) Tl

Solution:

To identify the element for which the +1 oxidation state is more stable than the +3 oxidation
state, we need to consider the inert pair effect. The inert pair effect is observed in heavier
elements of groups 13, 14, and 15, where the ns? electrons (where n is the principal quantum
number) are less likely to participate in bonding, making the +1 oxidation state more stable
than the 43 oxidation state.

Analysis of the Elements:

1. Ga (Gallium, Group 13):

- Gallium typically exhibits the +3 oxidation state, and the +1 oxidation state is less common
and less stable.

2. Sn (Tin, Group 14):

- Tin can exhibit both +2 and +4 oxidation states. The +2 oxidation state becomes more
stable for heavier elements due to the inert pair effect, but +1 is not a common oxidation
state for tin.

3. Tl (Thallium, Group 13):

- Thallium is a heavy element in Group 13, and it exhibits the inert pair effect. The +1
oxidation state is more stable than the +3 oxidation state for thallium.

4. Ge (Germanium, Group 14):

- Germanium typically exhibits the +4 oxidation state, and the +2 oxidation state is less
common. The +1 oxidation state is not stable for germanium.

Conclusion:

The element for which the +1 oxidation state is more stable than the +3 oxidation state is
Thallium (T1).

The correct option is:
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Quick Tip

The inert pair effect stabilizes lower oxidation states in heavier group 13 and 14

elements.

135. Observe the oxides CO, B2O3, Si0o, CO4, AlsO3, PbOs, Tl,0O3. The number of acidic
oxides in the list is:

(13

2)4

3)5

4)2

Correct Answer: (1) 3

Solution:

To determine the number of acidic oxides in the given list, we need to classify each oxide as
acidic, basic, or amphoteric based on their chemical behavior.

Analysis of the Oxides:

1. CO (Carbon Monoxide):

- CO is a neutral oxide. It does not react with acids or bases to form salts.

2. B2O3 (Boron Oxide):

- B>Oj3 1s an acidic oxide. It reacts with water to form boric acid (H3BO3).

3. Si04 (Silicon Dioxide):

- Si0s 1s an acidic oxide. It reacts with bases to form silicates.

4. CO4 (Carbon Dioxide):

- COs 1s an acidic oxide. It reacts with water to form carbonic acid (H2C'Os3).
5. AlsO3 (Aluminum Oxide):

- AlyO3 1s an amphoteric oxide. It can react with both acids and bases.

6. PbO (Lead Dioxide):

- PbOy is an amphoteric oxide. It can react with both acids and bases.

7. Tl5O3 (Thallium Oxide):

- Tl503 is a basic oxide. It reacts with acids to form salts.

Summary:
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Acidic oxides: B20s3, Si09, CO4 (3 oxides).
Neutral oxide: CO (1 oxide).

Amphoteric oxides: AlyOs, PbOs (2 oxides).
Basic oxide: T'l,O3 (1 oxide).

Number of Acidic Oxides:

There are 3 acidic oxides in the list.

The correct option is:

Quick Tip

Acidic oxides are typically non-metallic oxides, while amphoteric oxides can act as

both acids and bases.

136. The common components of photochemical smog are:

(1) O3,CHy4,COy

(2) 03,C02,CO

(3) 03,503, PAN

(4) O3, NO, PAN

Correct Answer: (4) O3, NO, PAN

Solution:

Photochemical smog is formed by the reaction of sunlight with pollutants such as nitrogen
oxides and volatile organic compounds. The most common components of photochemical
smog are ozone (Os), nitrogen oxides (NO), and peroxyacetyl nitrates (PAN), which are

formed under high-temperature conditions, especially in the presence of sunlight.

Quick Tip

Photochemical smog is a complex mixture of pollutants that forms when sunlight

reacts with pollutants such as NO and hydrocarbons. Ozone is a key component.

137. The electron displacement effect observed in the given structures is known as:
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(1) +R effect

(2) -R effect

(3) Electromeric effect

(4) -1 effect

Correct Answer: (2) -R effect

Solution:

In the given structure, the electron displacement observed is due to the withdrawal of
electron density from the benzene ring to the substituent group, leading to a -R effect
(resonance withdrawing effect). This effect reduces the electron density in the aromatic ring,

making it more reactive toward electrophiles.

Quick Tip

The -R effect is observed when a substituent group withdraws electron density from
the rest of the molecule through resonance. This effect stabilizes positive charges

but destabilizes negative charges.

138. An alkene X (C,Hyg) exhibits geometrical isomerism. Oxidation of X with
KMnO,/H* gave Y. On heating sodium salt of Y with a mixture of NaOH and CaO
gave Z. What is Z.?

(1) CH3CH3

(2) CH3CH,CH3

(3) CH3CH,CH2CHj;

(4) CHy

Correct Answer: (4) CHy

Solution:
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An alkene that exhibits geometrical isomerism must have a carbon-carbon double bond, with
each of the two carbons in the double bond attached to two different groups. Of the alkenes

with formula C4Hg, only 2-butene exhibits geometrical isomerism:
CH3CH = CHCHjs.

Oxidation of an alkene with KMnO4/H™ cleaves the double bond, and converts each carbon

in the double bond to a carbonyl group. Thus, Y is
CH;3;COOH.

Heating the sodium salt of a carboxylic acid with a mixture of NaOH and CaO produces an
alkane with one fewer carbon atom. This reaction is called the decarboxylation reaction.

Thus, Z is CHy.

Quick Tip

The decarboxylation reaction removes a carbon atom from a carboxylic acid, pro-

ducing an alkane.

139. The number of activating and deactivating groups of the following are respectively:

—OCHyCH3,-COCH3,-NHCOCH3,-COOCH3,—S0OsH

(12,3

(2)3,2

3)1,4

44,1

Correct Answer: (1) 2,3

Solution:

Activating groups: Electron-donating groups increase reactivity, such as -OCH2CH3 and
-NHCOCHS.

Deactivating groups: Electron-withdrawing groups decrease reactivity, such as -COCH3,
-COOCH3, and -SO3H.

Thus, the number of activating groups = 2 and deactivating groups = 3.
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Quick Tip

Activating groups donate electrons and increase electrophilic substitution, while de-

activating groups withdraw electrons and reduce reactivity.

140. X and Z respectively in the following reaction sequence are:

CoHe/AlCIs
T

CsHg 5 Y Z

(1) HBr,

(2) HBr, \r@/\/
(3) HBr/ ROOR, :

(4) HBr / ROOR,

Correct Answer: (3) HBr/ ROOR,

Solution:

Step 1: Propene (C3 Hg) reacts with HBr in the presence of ROOR to form 1-bromopropane
via anti-Markovnikov addition.

Step 2: 1-bromopropane undergoes Friedel-Crafts alkylation with benzene and AICI3,
forming n-propylbenzene.

Thus, the correct sequence is HBr/ROOR.

Quick Tip

Peroxides lead to anti-Markovnikov addition of HBr, forming 1-bromopropane in-

stead of 2-bromopropane.
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141. The molecular formula of a compound is AB>0,. Atoms of O form a ccp lattice.
Atoms of A (cation) occupy % of tetrahedral voids. Atoms of B (cation) occupy a
fraction of octahedral voids. What is the fraction of vacant octahedral voids?
OF

2)

3) 5

4) 3

Correct Answer: (4) 3

Solution:

To solve this problem, we need to analyze the crystal structure of the compound AB>O, and
determine the fraction of vacant octahedral voids.

Step 1: Understand the Structure

The oxygen atoms (O) form a ccp (cubic close-packed) lattice.

In a ccp lattice, there are 4 oxygen atoms per unit cell.

The formula of the compound is AB>Oy4, which means:

A cations: 1 per unit cell,

B cations: 2 per unit cell,

O anions: 4 per unit cell.

Step 2: Tetrahedral and Octahedral Voids

In a ccp lattice: The number of tetrahedral voids = 2 x number of atoms = 2 x 4 = 8.
The number of octahedral voids = number of atoms = 4.

Step 3: Occupancy of Voids

Tetrahedral voids:

Atoms of A occupy % of the tetrahedral voids.

Total tetrahedral voids = 8.

Occupied tetrahedral voids = § x 8 = 1.

Vacant tetrahedral voids =8 — 1 = 7.

Octahedral voids:

Atoms of B occupy a fraction of the octahedral voids.

Total octahedral voids = 4.
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From the formula AB,Oy, there are 2 B cations per unit cell.
Occupied octahedral voids = 2.
Vacant octahedral voids =4 — 2 = 2.
Step 4: Fraction of Vacant Octahedral Voids
Total octahedral voids = 4.
Vacant octahedral voids = 2.
2 _ 1

Fraction of vacant octahedral voids = § = 3.

Final Answer: The fraction of vacant octahedral voids is:

1
2

This corresponds to option (4).

Quick Tip

In CCP lattices, tetrahedral voids are twice the number of atoms, and octahedral

voids are equal to the number of atoms.

142. Distilled water boils at 373.15 K and freezes at 273.15 K. A solution of glucose in
distilled water boils at 373.202 K. What is the freezing point (in K) of the same solution?
(For water, K, = 0.52 kg mol ™!, K; = 1.86 kg mol 1)

(1) 273.15

(2)273.0

(3) 272.964

(4) 273.336

Correct Answer: (3) 272.964

Solution:

- The boiling point elevation is:

ATy, =iKym

0.052 = (1)(0.52)m
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m = 0.1 mol/kg

- The freezing point depression is:

ATf = inm

ATy = (1)(1.86)(0.1) = 0.186

Ty =273.15—0.186 = 272.964 K

Quick Tip

Boiling point elevation and freezing point depression depend on molality and col-

ligative properties.

143. Identify the correct statements from the following:

A) At 298 K, the potential of the hydrogen electrode placed in a solution of pH = 10 is -0.59
V.

B) The limiting molar conductivity of Ca®>* and C1™ is 119 and 76 S cm*mol !, respectively.
The limiting molar conductivity of CaCls is 195 S cm’mol .

C) The correct relationship between K. and Fe 1S Ege = % log K.

(1)A,B,C

(2) A, B only

(3) A, C only

(4) B, C only

Correct Answer: (3) A, C only

Solution:

A) The potential of the hydrogen electrode in a solution with pH = 10 is correctly calculated
using the Nernst equation, resulting in -0.59 V.

B) The limiting molar conductivities of Ca*" and C1™ are correctly stated, but the limiting

conductivity of CaCl, is actually 195 S cm®mol .
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C) The relationship between the equilibrium constant K. and the cell potential Ey 1s

correctly expressed as Ege = 23835 g (.

Quick Tip

For electrochemical reactions, the relationship between the cell potential and the
equilibrium constant is governed by the Nernst equation, which can help determine

the direction of the reaction.

144. For a first-order reaction, a plot of In & (y-axis) and % (x-axis) gave a straight line
with a slope equal to —10* and an intercept equal to 2.303 (on the y-axis). What is the
activation energy F, (in kJ/mol) of the reaction?

(Given R = 8.314] molflK_l)

(1) 8.314 kJ/mol

(2) 2.303 kJ/mol

(3) 2303 kJ/mol

(4) 83.14 kJ/mol

Correct Answer: (1) 8.314 kJ/mol

Solution:

The Arrhenius equation is given by:

k= Ae_%

Taking the natural logarithm of both sides, we get:

Eq
RT

Comparing this equation with the equation of a straight line, y = mx + ¢, where y = Ink and

Ink=1nA—

x = 7, we can see that:
Slope (m) = —Z¢
Intercept (c) =In A
Given:

Slope = —10% K

176



Intercept = 2.303
R=8.314Jmol 1 K!
We have:

E, 5
BT
R

E,=Rx10°

E,=8314Jmol 'K x 10° K

E, = 8314 J mol !

To convert J mol~! to kJ mol~!, we divide by 1000:

E, = @ kJ mol !
1000
E, = 8314 kJ mol !

Therefore, the activation energy (£,) of the reaction is 8.314 kJ mol .

Final Answer:

The final answer is |8.314

Quick Tip

The slope of the Ink vs. 7 plot is used to calculate the activation energy of a reac-

tion using the Arrhenius equation.

145. Adsorption of a gas (A) on an adsorbent follows Freundlich adsorption isotherm.
The slope and intercept (on y-axis) of the isotherm are 0.5 and 1.0, respectively. What is
the value of -, when the pressure of the gas (A) is 100 atm?

(1) 10

(2) 100
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(3) 1000
(4) 10000
Correct Answer: (3) 100

Solution: We will use the Freundlich adsorption isotherm, which is given by:

X _p.pin
m

where:

- - 1s the amount of gas adsorbed per unit mass of the adsorbent,

- P is the pressure of the gas,

- k and n are constants.

Step 1: Freundlich Isotherm in Logarithmic Form The Freundlich isotherm can be expressed

in logarithmic form as:

log (ﬁ) = logk + 1 log P
m n
This is a linear equation of the form y = mx + ¢, where:
-y =log (7).
-m = % (slope),
- ¢ = log k (intercept).
Step 2: Given Data
- Slope (1) =0.5,
- Intercept (log k) = 1.0,
- Pressure (P) = 100 atm.
Step 3: Calculate n and k£ From the slope:

1
— =05 = n=2
n

From the intercept:

logk =10 = k=10 =10
Step 4: Calculate = Using the Freundlich isotherm:

L _ . pln
m
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Substitute the values:
L~ 10 (100)/2
m

Solving:

2 —10-10 = 100
m

Final Answer: The value of po 18:

This corresponds to option (2).

Quick Tip

For the Freundlich adsorption isotherm, the value of -= can be calculated by using

the slope and intercept from the graph of log (£) vs. log P.

Z
m

146. A low boiling point metal contains high boiling point metal as impurity. The
correct refining method is

(1) Liquation

(2) Distillation

(3) Poling

(4) Vapour phase refining

Correct Answer: (2) Distillation

Solution:

Distillation is a separation technique based on differences in boiling points. In this case,

since the metal has a low boiling point and the impurity has a high boiling point, distillation

is the appropriate method. The low boiling point metal will vaporize, leaving the high

boiling point impurity behind.

Liquation is used to separate metals with low melting points from those with higher melting

points. Poling is used to purify metals that contain metal oxides as impurities. Vapour phase

refining is used to purify metals by converting them into a volatile compound, which is then

decomposed to give the pure metal.
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Quick Tip

Distillation is effective when the boiling points of the components are significantly

different.

147. Which of the following when subjected to thermal decomposition will liberate
dinitrogen?

(1) sodium nitrate (ii) ammonium dichromate (iii) barium azide

(1)1, 11 only

(3) i, iii only

(4) 1, i1, 1ii

Solution:

Ammonium dichromate ((N Hy)2Cr207) decomposes to form No, CroO3, and HyO.
Barium azide (Ba(N3)2) decomposes to give Ba and Ny gas.

Sodium nitrate (NaNO3) decomposes into NaNOs and O», not No.

Quick Tip

Compounds containing azide (N; ) or ammonium cation (NH;") tend to release ni-

trogen gas upon decomposition.

148. Observe the following reaction. This reaction represents:

CuCls, 723K
T

4HCl + Oy 2C1y + 2H50

(1) van Arkel process
(2) Hall-Heroult process
(3) Serpeck’s process
(4) Deacon’s process

Correct Answer: (4) Deacon’s process

180



Solution:

The Deacon’s process is used for the industrial production of chlorine gas.

In this reaction, HCI is oxidized by oxygen in the presence of CuCl; catalyst at 723K to
produce Cl, and H5O.

Quick Tip

Deacon’s process is an industrial method used for producing chlorine gas from HCI.

149. Identify the set which is not correctly matched in the following:

(1) PH3, colorless gas, rotten fish smell

(2) Cly, greenish yellow gas, pungent smell

(3) Ne, fluorescent green gas, rotten egg smell

(4) SOq, colorless gas, pungent smell

Correct Answer: (3) Ne, fluorescent green gas, rotten egg smell

Solution:

Neon (Ne) is an inert, colorless, and odorless gas. Therefore, the description “fluorescent
green gas, rotten egg smell” is inaccurate.

PH3; has a rotten fish odor, Cls is greenish-yellow and has a pungent smell, and SO3 is

colorless with a pungent odor. These are the correct descriptions for these substances.

Quick Tip

Noble gases like neon are colorless and odorless, unlike other reactive gases.

150. Identify the correct statements from the following: (i) Ti (IV) is more stable than Ti
(IIT) and Ti (IT)

(i1)) Among 3d-series elements (from Z = 22 to 29) only copper has positive reduction
potential (M?* /M) (iii) Both Sc and Zn exhibit +1 oxidation state

(1)1, ii only

(2) 1, 111 only
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(4) 1, ii, iii

Correct Answer: (1) i, ii only

Solution:

(1) True: Titanium(IV) is the most stable oxidation state of titanium due to its noble gas-like
electronic configuration.

(i1) True: Among 3d-series elements, only copper (Cu) has a positive standard reduction
potential, making it unique.

(i11) False: Scandium (Sc) and Zinc (Zn) do not exhibit a stable +1 oxidation state; Sc

commonly shows +3, and Zn shows +2.

Quick Tip

Titanium prefers the +4 oxidation state due to noble gas configuration, and Cu is

unique in its positive reduction potential.

151. The molecular formula of a coordinate complex is CoH;20¢Cl;. When one mole of
this aqueous solution of complex is reacted with excess of aqueous AgNQOj; solution,
three moles of AgCl were formed. What is the correct formula of the complex?

(1) [Co(H20)6]Cl3

(2) [Co(H20)6]C12H20

(3) [Co(H20)6]Cl3(H20)

(4) [Co(H20)6]1Cl3(H20)

Correct Answer: (1) [Co(H20)4]Cl3

Solution:

When one mole of the given complex reacts with excess AgNOs solution, three moles of
AgCl are produced. This indicates that the complex contains three chloride ions. Therefore,
the correct formula of the complex is [Co(H20)s]Cls, where Co is coordinated with six water

molecules, and three chloride ions act as counterions.
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Quick Tip

When determining the formula of a complex, consider the stoichiometry of the re-
action with other compounds (like AgNO3) to identify the number of ligands and

counterions.

152. Match the following:

List - I {Monomer/s) List - II (Name of the polymer)
A) CF=CF; I} Neoprene

B) NH:(CHz)sNH2, HOOC(CH.),COOH | IT) Bakelite

C) CgH0H, HCHO [T} Teflon

D) CH2=CH(CH2) IV) Mylon 6.6

The correct answer is:

(1) A-II; B-III; C-I; D-1V

(2) A-III; B-1V; C-1I; D-1

(3) A-III; B-1V; C-I; D-IT

(4) A-III; B-I; C-1V; D-II

Correct Answer: (2) A-III; B-1V; C-II; D-1

Solution:

Let’s analyze each monomer and match it with the correct polymer:

A. CF=CF; (Tetrafluoroethylene) is the monomer used to produce Teflon.

B. NH»(CH2)sNH> (Hexamethylenediamine) and HO2,C(CHs2)4CO2H (Adipic acid) are the
monomers used to produce Nylon 6,6.

C. CsH50H (Phenol) and HCHO (Formaldehyde) are the monomers used to produce
Bakelite.

D. CH2=CH(CI1)-CH=CH; (Chloroprene) is the monomer used to produce Neoprene.

Therefore, the correct matching is:
e A - III (Teflon)
* B -1V (Nylon 6,6)

e C - II (Bakelite)
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* D - I (Neoprene)

Final Answer: (2) A-III; B-1V; C-II; D-1

Quick Tip

Polymerization reactions involve the combination of monomers, often creating poly-

mers with distinct physical properties.

153. The functional groups involved in the conversion of glucose to gluconic acid and
gluconic acid to saccharic acid respectively are:

— CHO s ~CHOH
(1) =

— CHO, =—CH:0H

(2)

—CH:0H, —CHO
3)
) —CH:0H, ~CHOH

— CHO : ~CHOH
Correct Answer: (1) ~

Solution:

Glucose is an aldohexose, meaning it contains an aldehyde functional group (-CHO) and six
carbon atoms. Gluconic acid is produced by oxidizing the aldehyde group in glucose,
converting it into a carboxylic acid group (-COOH).

Saccharic acid, a dicarboxylic acid, contains two carboxylic acid groups. It is formed by
further oxidation of gluconic acid, where the primary alcohol group (-CH2OH) at the
opposite end of the molecule is oxidized to a carboxylic acid group.

Thus, the functional groups involved in the transformation of glucose to gluconic acid and

gluconic acid to saccharic acid are -CHO and -CH>OH, respectively.

Quick Tip

Oxidation reactions often involve the conversion of aldehyde groups to carboxylic

acids, which is seen in the conversion of glucose to gluconic acid and further to

saccharic acid.
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154. Among the following, the incorrect statement about chloramphenicol is:

(1) It 1s a bacteriostatic drug

(2) It is a broad spectrum antibiotic

(3) It 1s a bactericidal drug

(4) It is used to treat typhoid

Correct Answer: (3) It is a bactericidal drug

Solution:

Chloramphenicol is a bacteriostatic drug, meaning it inhibits the growth of bacteria but does
not directly kill them. It is a broad-spectrum antibiotic used to treat a variety of bacterial

infections, including typhoid fever.

Quick Tip

Bacteriostatic drugs inhibit bacterial growth, while bactericidal drugs directly kill

bacteria. Chloramphenicol is an example of a bacteriostatic drug.

155. A halogen compound X (C,;HyBr) on hydrolysis gave alcohol Y. The alcohol Y
undergoes dehydration with 20% Hs;PO, at 358 K. What is X?

(1) (CH3)3CBr

(2) (CH3)2CHCH;,Br

(3) CH3CH2CH2CH5Br

(4) CH3CH(Br)CH2CH3

Correct Answer: (1) (CH3)3CBr

Solution:

The halogen compound (CH3)3CBr undergoes SN1 hydrolysis to form tertiary butanol.
This tertiary butanol dehydrates with H3POy4 to give 2-methylpropene, following a
carbocation mechanism.

Thus, (CH3)3CBr is the correct halogen compound.
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Quick Tip

Tertiary alkyl halides undergo SN1 reactions, forming stable carbocations, which

easily dehydrate under acidic conditions.

156. An alcohol X (C;H;2,0) when reacted with conc. HCI and anhydrous ZnCl,,
produces turbidity instantly. The alcohol X can be prepared from which of the
following reactions?

(1) Reduction of 2-pentanone with NaBH,

(2) Reaction of isopropyl magnesium bromide with ethanol

(3) Reaction of ethyl magnesium bromide with propanal

(4) Acid catalyzed hydration of 2-methyl-1-butene

Correct Answer: (4) Acid catalyzed hydration of 2-methyl-1-butene

Solution:

The Lucas test (reaction with HC1/ZnCls) gives instant turbidity for tertiary alcohols.
The acid-catalyzed hydration of 2-methyl-1-butene forms 2-methyl-2-butanol, a tertiary
alcohol, which reacts instantly.

Other options do not form tertiary alcohols.

Quick Tip

Tertiary alcohols react instantly with Lucas reagent due to rapid formation of carbo-

cations.

157. Assertion (A): Chlorobenzene is not formed in the reaction of phenol with thionyl
chloride. Reason (R): In phenol, carbon—oxygen bond has partial double bond
character.

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

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

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

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

Correct Answer: (1) (A) and (R) are correct. (R) is the correct explanation of (A)
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Solution:

Phenol does not react with SOCls because the C—O bond in phenol exhibits partial double
bond character due to resonance.

This resonance effect inhibits the substitution of the -OH group with —Cl, which is typically
observed in aliphatic alcohols.

Since resonance accounts for the lack of reactivity, statement (R) correctly explains

statement (A).

Quick Tip

Phenol’s C-O bond is strengthened by resonance, making it resistant to nucleophilic

substitution.

158. The pK,, values of X, Y, Z respectively are 8.3, 7.1, 10.2. What are X, Y, Z?

@f

HxC

OH @OH OH
N ’@z_\-o: NO:

OH

(}:.\"@

The given pK, values reflect the strength of acids, with a lower pK, indicating a stronger

ST
<8
- o e
r
ST

OH : OH
HC

Correct Answer: (1)

Solution:

acid. By examining the structures and comparing their acid strengths, we can determine that

the structures corresponding to the given pK, values are best represented by Structure 1.
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Quick Tip

In organic chemistry, pK, values are used to compare the strength of acids. A lower

pK, indicates a stronger acid, meaning it dissociates more readily in solution.

159. The reagents/ chemicals X and Y that convert cyanobenzene to Schiff’s base are
(1) DIBAL-H, H,0, NH,OH

(2) DIBAL-H, H50, Aniline

(3) LAH, CH;0H

(4) H30™, Aniline

Correct Answer: (2) DIBAL-H, H50O, Aniline

Solution:

A Schiff base is a compound with the general structure R;RoC=NR3, where Rj is an aryl or
alkyl group, but not a hydrogen. They are formed by the reaction of a primary amine with an
aldehyde or ketone.

Cyanobenzene has the structure

C6H5C =N.
Diisobutylaluminium hydride (DIBAL-H) is a reducing agent. It will reduce the nitrile group
(-C=N) in cyanobenzene to an imine group (-CH=NH):

DIBAL-H, H,0 CeHsCH = NH.

C6H5C =N
Then, the imine will react with aniline (C¢H5NHs) to form a Schiff base:

CsHsCH = NH + C¢H5NHy; — C¢H5CH = NCgH5 + NHs.

Quick Tip

DIBAL-H is a useful reagent for reducing nitriles to imines.

160. The correct statements of the following are:
A) Aniline forms a stable benzene diazonium chloride at 285K.

B) N - Phenylethanamide is less reactive towards nitration than aniline.
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C) p - CH3CsH4COCl is Hinsberg reagent.

(1) A & B only

(2) A & C only

(3) B only

(4) C only

Correct Answer: (3) B only

Solution:

Let’s evaluate each statement:

A) Aniline forms a stable benzene diazonium chloride at 285K.

Benzene diazonium chloride is stable at low temperatures (0-5°C or 273-278K). At 285K, it
would decompose. Therefore, statement A is incorrect.

B) N-Phenylethanamide is less reactive towards nitration than aniline.

N-Phenylethanamide (acetanilide) is indeed less reactive towards electrophilic substitution
reactions such as nitration compared to aniline. This is because the lone pair of electrons on
the nitrogen atom in acetanilide is delocalized over the carbonyl group, making it less
available for donation to the benzene ring. Therefore, statement B is correct.

C) p-CH3CsH4COCl is Hinsberg reagent.

Hinsberg reagent is benzenesulfonyl chloride (C¢H5SO2Cl), not p-CH3CsH4COCI. Thus,
statement C is incorrect.

Therefore, the only correct statement is B.

Final Answer: (3) B only

Quick Tip

The Hinsberg test involves the reaction of amines with benzoyl chloride (p -
CH3CgH4COCI) to distinguish between primary, secondary, and tertiary amines

based on the solubility of the products.
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