JEE Main 2025 April 2 Shift 2 Mathematics
Question Paper with Solutions

] Time Allowed :3 Hours \ Maximum Marks :300 \ Total Questions :75 \

General Instructions

Read the following instructions very carefully and strictly follow them:
1. Multiple choice questions (MCQs)
2. Questions with numerical values as answers.
3. There are three sections: Mathematics, Physics, Chemistry.

4. Mathematics: 25 (20+5) 10 Questions with answers as a numerical value. Out of
10 questions, 5 questions are compulsory.

5. Physics: 25 (20+5) 10 Questions with answers as a numerical value. Out of 10
questions, 5 questions are compulsory..

6. Chemistry: 25 (20+5) 10 Questions with answers as a numerical value. Out of 10
questions, 5 questions are compulsory.

7. Total: 75 Questions (25 questions each).
8. 300 Marks (100 marks for each section).

9. MCQs: Four marks will be awarded for each correct answer and there will be a
negative marking of one mark on each wrong answer.

10. Questions with numerical value answers: Candidates will be given four
marks for each correct answer and there will be a negative marking of 1 mark for
each wrong answer.

Mathematics

SECTION-A

1. If the image of the point P(1,0,3) in the line joining the points A(4,7,1) and B(3,5,3) is
Q(a, ,7), then o + B + v is equal to:

(1) 47/3 (2) 46/3 (3) 18 (4) 13
Correct Answer: (2) 46/3

Solution:

Given: P(1,0,3), A(4,7,1), B(3,5,3)



Line AB is represented as:

i r—3 y—9o5 z—3
ine = 1 5 —

Let the foot of the perpendicular from P on AB be R.

R=(A+3,2A+5,-2\ +3)

Equating the components, we get:

A+3—=1)(1)+2A+5-0)(2) + (-2A+3—3)(2) =0

S A+2+404+10+41=0

4
= A=—-
3
Substitute A = —% into the equations for the coordinates of R:

5 7 17
R‘(ﬁ’é’?)

10 14 34
@= <??§)

Now calculate the coordinates of @:

Now calculate o + 3 + 7:

T+14+4+25 46
Oé-i—ﬁ—l-’Y:T:?

Hence, the answer is %.

In such problems, use the parametric form of the line and the dot product condition
to find the foot of the perpendicular from a point to a line in 3D. Once you find the
perpendicular, use it to calculate the required values.

2. Let f:[1,00) = [2,00) be a differentiable function, If [;" f(¢)dt = 5z f(z) — 2° — 9 for all
x > 1, then the value of f(3) is :

(1) 18 (2) 32 (3) 22 (4) 26
Correct Answer: (2) 32

Solution:



m—i/‘f @@ﬂ)—mS—%

=>10f@g:=5fcm-+5xf(x)—-5x4
= f(z) +2* = af'(z)

d 1
:>—y+y<>:x3
dx

d 1
-2}
dx T

-1 3 1
=ye == [ ez dr+c

:y:g'/x?’dx
T

1’3
:>y:§+0
1.3

Put x =1 in the given equation:

0=5f(1)—9-09

Quick Tip

For this type of problem, use the properties of definite integrals and apply the fundamen-
tal theorem of calculus along with the chain rule. Simplify the equation step by step for
easy solution.

3. The number of terms of an A.P. is even; the sum of all the odd terms is 24, the sum of all
the even terms is 30 and the last term exceeds the first by % Then the number of terms which
are integers in the A.P. is:

(1)4 (2) 10 (3) 6 (4) 8
Correct Answer: (1)
Solution:

The sum of the even terms:

ag + ag + -+ az, =30 (Equation 1)



The sum of the odd terms:
aj +as+---+ag—1 =24 (Equation 2)
Subtracting Equation 2 from Equation 1:
(ag —ar) + (a4 —az) + - -+ + (agp — agp—1) =6

n
—.d
2

6 (where d is the common difference)
nd=6 = n=12

From the equation a,, — a; = 2—21:

21
nd —d 5 = d—d 5

21 3
ld=— = d=-
2 2

The sum of odd terms: A
Sodd = 5[2&1—1—(4—1)-61] =24
o3
179

The A.P. is: 3, 3,9, 12,15,21,9,21,...
Thus, the number of terms is 4.

For arithmetic progressions, when the number of terms is even, you can use the sum of
the odd and even terms to calculate the common difference and the first term.

4. Let A={1,2,3,...,10} and R be a relation on A such that R = {(a,b) : a = 2b+ 1}. Let
(a1,a2), (a3, a4), (as,ap),. .., (ar, ax+1) be a sequence of k elements of R such that the second
entry of an ordered pair is equal to the first entry of the next ordered pair. Then the largest
integer k, for which such a sequence exists, is equal to:

(1) 6 (2) 7 (3) 5 (4) 8
Correct Answer: (3)

Solution:
Given a = 2b + 1, we can solve for b as follows:
a—1
2

The set R is given by {(3,1),(5,2),...,(99,49)}. This represents a sequence of ordered pairs
where the first element follows the given relation.
Let (2m + 1,m), (2n — 1,n), etc., be such ordered pairs. From the condition, we have:

b:




m=2a—1 = misodd number
The first element of ordered pair (a,b) is:
a=22a—-1)+1=4a—-1

Hence, a = {3,7,11,...,99}.
For maximum number of ordered pairs in such a sequence, we need to solve for A. This gives
us the largest sequence length.

A=2a—-1

The number of terms in this sequence satisfies:

A€ {1,2,3,...,25}

Thus, for maximum ordered pairs, we evaluate cases for various values of A\. The final maximum
value of r for A = 16 is 5.

Quick Tip

In relations and sequences, the first and second elements of ordered pairs follow specific
patterns based on the equations governing the relation. In this case, solving for a and b
helps us understand how to maximize the sequence length.

4. Continued. For maximum number of ordered pairs in the sequence, the second element of

each ordered pair is given by:
2r — 2

Ao

For maximum number of ordered pairs in such sequence:

% — 9
A=A or 2 1<A<25
27‘—2

A=2""1 or AN=3x2?2

Case 1: A=2r—1
=222 93 ot

r=2,3,4,5

Hence, the maximum value of r is 5 when A = 16.
Case 2: A =3 x 272
A=3,6,12,24

r=2,3,4,5

The final maximum value of r is also 5 when \ = 24.

Quick Tip

To find the maximum number of ordered pairs in a sequence, you must carefully analyze
the relationship between the variables and apply recursive equations to get the result.




5. If the length of the minor axis of an ellipse is equal to one fourth of the distance between
the foci, then the eccentricity of the ellipse is:

m  @O% X% @
Correct Answer: (1) \/Lﬁ

Solution:

We are given that the length of the minor axis is equal to one fourth of the distance between

the foci. Let the length of the minor axis be b, and the length of the major axis be a. The

distance between the foci is 2¢, where ¢ is the distance from the center to the foci.

Given: 1 .
b= 1 X 2c = 5

Now, the relationship between a, b, and ¢ in an ellipse is:

2= g2

Substitute b = 5 into the equation:

2 _ 2 _ E>2
c a (2

2
c
A =a—-—

4
Multiplying both sides by 4 to eliminate the fraction:

4¢? = 4a® —

5¢2 = 4a?
4 2
2 e

5
Now, the eccentricity e of an ellipse is defined as:

b2
==
a

Substitute the value of b and ¢ into the equation:

/ (%)
2
4a2

Substitute ¢? 41 into the equation:




Thus, the eccentricity is e =

3
-3

Quick Tip

For ellipses, the relationship between the minor and major axes helps us determine the
eccentricity. Remember that the eccentricity is always less than 1 for an ellipse, and it
reflects the elongation of the ellipse.

6. The line L; is parallel to the vector a = —3i + 2}' + 4]% and passes through the point (7,6, 2),
and the line Lo is parallel to the vector b = 2i 4+ j + 3k and passes through the point (5,3,4).
The shortest distance between the lines L and Lo is:

23 21 23 21
W7 @ O Wi
Correct Answer: (1) \3—%

Solution:

The parametric equations of the lines L; and L9 are given as follows: A ) R

For line Lj, passing through (7,6,2) and parallel to the vector a = —3i + 25 + 4k:
L1 : (T4 X=3),6 4+ A(2),24+ A\(4)) (Equation of line 1)

For line Lo, passing through (5,3,4) and parallel to the vector b = 2i + j + 3k:
Ly : (54 X(3),34+ A(1),44+ X(3)) (Equation of line 2)

The shortest distance between skew lines is given by the formula:

b1 — b2) . (a1 X a2)|

Ll
|a1 ><a2|

Where a; and as are the direction vectors of the two lines, and b; and bgy are points on the
respective lines.

Here, a; = (—3,2,4), ag = (2,1,3), by = (7,6,2), and by = (5, 3,4).

We compute the cross product a; x ag first:

~

i gk )
ayxay=|-3 2 4/=(2x3-4x1)i—(-3x3-4x2)j+(-3x1-2x2)k
2 13

—(6—4)i—(—9—8)]+ (=3 —4)k
=2 +17) — Tk
Now, the distance is calculated using the formula above:

(204175 —Tk) - (20 +17) —Tk)| 69 23

V342 T V312 /38

23
V38"

Thus, the shortest distance between the two lines is



Quick Tip

For calculating the shortest distance between two skew lines, use the formula involving
the cross product of direction vectors and the vector joining points on the lines. Be sure
to calculate each component carefully.

7. Let (a,b) be the point of intersection of the curve 22 = 2y and the straight line y = 22 — 6
in the second quadrant. Then the integral

b 2

9x
I = d
/a 11528 "

(1) 24 (2) 27 (3) 18 (4) 21

is equal to:

Correct Answer: (1) 24
Solution:

We are given the curve 22 = 2y and the straight line y = 22 —6. To find the point of intersection,
substitute y = 2z — 6 in the equation of the curve:

2% = 2(2z — 6)
22 =4r — 12
2 —4x+12=0

By solving this quadratic equation, we find z = 6 and x = —2. Therefore, the intersection points
are (6,18) and (—2,2). The point (6, 18) is rejected because it lies in the second quadrant.
The bounds of integration are a = —2 and b = 2.

Thus, the integral is:

2 2 2 2
9z 9z
/_21—|—5x3 * /_21—|—5x3 v

2 2
1:2/ LN
0 1"‘51’3

Perform the integration, and the value is:

This can be rewritten as:

I =24

Quick Tip

When calculating integrals involving cubic functions, consider simplifying the integral
or performing substitution where applicable. In this case, evaluating the bounds for
integration and simplifying can help you calculate the answer.




8. If the system of equation
20+ Ay +32=03x4+2y—z2=Tdr + 5y + puz =9

has infinitely many solutions, then A\? + 2 is equal to:
(1) 22 (2) 18 (3) 26 (4) 30
Correct Answer: (3) 26

Solution:

The given system of equations is:
204+ Ay +32=953x+2y —z=Tdr + by + pz =9

To check for infinitely many solutions, we use the determinant of the coefficient matrix. The
coefficient matrix is:

3
—1
0

many solutions)

A:

=W N
ol N >

A =0 (for infinitel

<

Expanding the determinant:
2 —1 3 -1
5 W 4
=2(A — (=5)) = ABp — (—4)) +3(15 = 8)
=2(Apu+5) = ABu+4) + 3(7)
=2\ + 10— A\(Bp +4) + 21
=22\ + 10 — A3 — 4N + 21

R ) A R

4 5

After solving the system, we find:
A3 =0 and 2(7)+ A1)+5(7)=0

Solving for A and u, we find A = —1 and p = —5.
Hence,
M 4p? = (=12 +(-5)2*=1+25=26

To determine when a system has infinitely many solutions, compute the determinant of
the coefficient matrix. If the determinant is zero, the system has infinitely many solutions.
For such systems, use the conditions derived from the matrix to find the values of the
parameters A and pu.




9. If 0 e [%T, %ﬂ], then the number of solutions of
V3esc? —2(vV3 — 1) esch — 4 =0,

is equal to:
(1) 6 (2) 8 (3) 10 (4) 7

Correct Answer: (1) 6

Solution:
2(v3—1) £ V16 + 83
cscl =
2v/3
C2(V3-1)£+16+8V3
2/3
Thus,
=2 0 2
csch =2 or cscl = ———
V3
Therefore,
1 3
sinf = g or sinf = —\/7_
Thus, sinf = % has 3 solutions, and sinf = _\/Tg has 3 solutions in the interval [%, %ﬂ

Thus, the number of solutions is 6.

Quick Tip

In trigonometric equations, look for multiple possible values of sin # and count the number
of solutions within the given range.

10. Given three identical bags each containing 10 balls, whose colours are as follows:

Bag I 3 Red 2 Blue 5 Green
Bag 11 4 Red 3 Blue 3 Green
Bag 111 5 Red 1 Blue 4 Green

A person chooses a bag at random and takes out a ball. If the ball is Red, the probability that
it is from Bag I is p and if the ball is Green, the probability that it is from Bag III is ¢, then
the value of % + % is:

(1) 6 (2) 9 (3) 7 (4) 8

10



Correct Answer: (3)

Solution:

Bag I: 3R,2B,5G
Bag II: 4R, 3B, 3G
Bag I1I: 5R, 1B, 4G

i !

x(z)
et [W[E[)< Y

: *'w]
Lo

(4]

Sol. E'qm.
= N k d

Gl = |

10

I 5 !
4
G| =—

10

We need to calculate p and gq.

By 2 1
p:P(_ =3 4.5 1
R ittt 4
4
q:p<% — 10 _1
5 3 4
G ottt 9

Thus, we get:

Quick Tip

To solve probability problems involving conditional probability, break the problem down
by considering the probabilities for each bag and each color of ball, and apply Bayes’
Theorem when appropriate.

11. If the mean and the variance of 6, 4, 8, 8, b, 12, 10, 13 are 9 and 9.25 respectively, then
a+ b+ ab is equal to:

(1) 105 (2) 103 (3) 100 (4) 106

Correct Answer: (2)

11



Solution:

Given: Mean = 9 and Variance = 9.25. The given numbers are 6,4, 8,8,b,12,10, 13.

53+a—|—b_

9
7

Mean =
=5H34+a+b=63 or a+b=19

1
Variance: 0% = = [37 + 529 + a” + b’]

37 + 529 + a2 + b2

= 9.25 =
7

=648 + T4 =520+ a’>+b° = a®>+b>=193

Now we have the following system of equations:

a+b=19 and a2+ b2 =193

From this, we can solve for a + b+ ab:

(a+b)%=a®+ b+ 2ab
192 =193+ 2ab = 361 = 193 + 2ab

= 2ab=168 = ab=284
Thus, a + b+ ab = 103.

Quick Tip

In solving problems involving variance and mean, use the formula for variance to derive
the necessary equations. Then, use the system of equations to solve for unknowns such
as a+ b+ ab.

12. If the domain of the function f(z) = \/ﬁw is (a,b), then (1+ a)? + b is equal to:
(1) 26 (2) 29 (3) 25 (4) 30

Correct Answer: (1) 26

Solution:

The given function is f(z) = \/ﬁw.

To find the domain, the expression inside the square root must be greater than or equal to zero:

12



10+32—22>0

Rearranging:

— 2?2+ 3x+10>0 = 22—-32-10<0

Now, solving this quadratic inequality, we first solve the equation:

22 -32-10=0

Using the quadratic formula:

3)+ /(=32 —4(1)(-10) 3++/0+40 3+£49 3+7
2(1) B 2 22

€Tr =

So, the roots are:

xzﬂzf) and a::3;7:—2
2 2
Thus, the domain of the function is —2 < z < 5.

Now, the value of (14 a)? + b, where a = —2 and b = 5, is:

(14 (=2)24+5=(-1)2+5=14+5=6
Thus, the value is 26.

Quick Tip

To determine the domain of a function with a square root, set the expression inside the
square root greater than or equal to zero. Solve the resulting quadratic inequality for the
valid range of values for x.

13.

/\/3+x2—1F\/1+I2 dx_BlOg(\/g)

is equal to:

(1) 2+ V2 +1log (1 +V2) (2) 2— V2 —log (1 ++2)
(3) 2+ V2 —log (1 +v2) (4) 2= V2 +1log (1+v2)

Correct Answer: (2)

Solution:
The given integral is:

4{/\/3+x2i\/1+x2d:€_310g<\/§>]

| [ VIt
B (3+22) — (14 22)

3
dx] —3 log 3

13



=2 (% 3+x2+glog(x+ 3—|—m2>)

! x 1 3
- <— 1+ 22+ = log(z + 1—|—x2)) ——log3
. \2 2 172

=2 :(%\/Zl—kglog(l—ir\/zl) — <O+glog\/§>) — (%\/5+%1og(1+\/§) - <o+%(0)>} - glogS

3 3 1 1 3
=2 {1+§log3—Zlog?)—ﬁ—ﬁlog(l%—\/ﬁ)} —§log3
3 3
:2+310g3—§log3—\/§—log(1+\/§)—§log3

=22 —log(1+V?2)

Quick Tip

When solving integrals with square roots, rationalizing the denominator by multiplying
numerator and denominator by the conjugate expression can often simplify the problem
significantly. This technique is particularly useful for integrals involving sums of square
roots.

14. If lim, 0 COS(%H?EOS(%)% is finite, then (a + b) is equal to:

@0 B @

D[ =

(1)

D=

Correct Answer: (1)

Solution:
We begin by expanding the terms in the given expression. Using the Taylor series expansion of
cosx around x = 0, we have:

(22)*  (22)!

cos(2zx) =1— o 1 + 0(z°)
L (e (o) 6
cos(4x) =1 ST O(z”)

Thus, the given expression becomes:

o (S ) e (1 )
= lim

z—0 1‘4

Simplifying the expression:
2
_ 1+a—b+ a- (4223!) +O(a?)
4 !

L + higher order terms

14



For the limit to be finite, the coefficient of z* in the numerator must be zero. Therefore, solving
for the values of a and b:

1
l+a—b=0 and 2(1—|—8a:0:>a:_Z

Now, substitute a into the equation:

1 3
b= 1 = b=—+1=-
a+ 4—1— 1
Thus, we get:
. 1+3_1
CTUT LT

Quick Tip

In limits involving higher powers, use Taylor expansions to approximate the terms. This
helps to identify the coefficients that must satisfy the condition for the limit to exist.

15. 1 30,0, (1071 — 1) (1) = @ — 1, then a is equal to :
(1) 15 (2) 11 (3) 24 (4) 20
Correct Answer: (4) 20

Solution:
We begin with the given sum:

Now, expanding the terms:

This gives us two separate sums:

10 10

10 10
> (107! - 10
r=0 ( ) ( r > ( r >
Now, evaluating both parts separately:

10 10
10 10
§ j1o7‘+1 =10 § 10"

(1) (; )

Using the binomial expansion for the sum of binomial coefficients:

15



WMH
) o

(10) =210 — 1024
T

Now, continuing:

S r 10 11
10 E 10 =107 -1
T

r=0
Finally, simplifying:

101 —1=0alt -1

Hence, o = 20.

Quick Tip

To simplify binomial expansions, always break the sums into manageable parts. Use
binomial coefficient identities and basic algebraic manipulation to find the value of the
variable.

16. The number of ways, in which the letters A, B, C, D, E can be placed in the 8 boxes of
the figure below so that no row remains empty and at most one letter can be placed in a box, is:

(1) 5880 (2) 960 (3) 840 (4) 5760
Correct Answer: (4) 5760

Solution:
Let the 8 boxes be arranged in three rows as shown:

Let Ry, Ro, R3 represent the three rows. Ry — (1st row), Re — (2nd row), R — (3rd row).
Total number of ways:

Total = [(All in Ry and R3) + (All in Ry and R3) + (All in Ry and Rs)]

= 8C5 x 5! — [(ways to place in 1st and 2nd row) + (ways to place in 3rd row)]

16



= [(56 — 1) x 6] = 120 x 48 = 5760
Hence, the total number of ways to arrange the letters is | 5760 |.

Quick Tip

In combinatorics, make sure to break down the problem into smaller parts like considering
the number of ways each row can be filled. Carefully track the restrictions, such as not
leaving any row empty, to avoid overcounting.

17. Let the point P of the focal chord PQ of the parabola y? = 16z be (1, —4). If the focus
of the parabola divides the chord PQ in the ratio m : n, gcd(m, n) = 1, then m2+n? is equal to:

(1) 17 (2) 10 (3) 37 (4) 26
Correct Answer: (1)
Solution:

The equation of the parabola is:
y2 =16z;a=14

The focus S is (4,0), and the point P is (1, —4).

iy

5{4 0)

I;"['f.]'
(1.-4)

From the equation of the parabola, we know the parametric equations for the points on the
parabola:

t1:—4,2at1:—4:>t1:7

ty =2 = Q(at3,2atz) = (16,16)
Let S divides PQ internally in the ratio A : 1:

16A—4=0 = A:}l

Thus, the ratio 7 = %1, and:
m?+n®=1+16=17

17



Quick Tip

In problems involving the focus of a parabola and a chord, you can use the parametric
equations of the parabola to find the points on the curve and calculate the required ratios
and distances.

18. Let a = 2i—3j+k, b = 3i4+2j+5k and a vector ¢ be such that (a—c)xb = —18;—3j+12k
and a-c=3. If b X ¢ = a, then |a- c| is equal to:

(1) 18 (2) 12 (3) 9 (4) 15
Correct Answer: (4) 15
Solution:

Given:
a=21—37+k, b=3i+2j+5k

The cross product a x b is calculated as follows:

ik )
axb=12 =3 1/=i((-3)(5 — (1)(2) —j (2)(5) = (1)(3)) + k ((2)(2) — (-3)(3))
3 2 5

(=15 —2) — (10 — 3) + k(4 +9)
= —17i — 77 + 13k

I
.

So,
axb=—17 -7+ 13k

We are given that: A
(a—c) xb=—18i — 3j + 12k

Thus, we have:
(a—c)xb=axb—-cxb

—18i — 3]+ 12k =—17i—7j+ 13k —c x b

So, X
cxb=—i+4)—k

Now, we use the condition b x ¢ = a:
bxc=(3i42j+5k)xc=2—3j+k

Thus,
cxb=a = c=(a-b)

Finally, we calculate:
a-c=-2—-12—-1=-15

Hence, |a - c| = 15.

18



Quick Tip

When working with cross and dot products, make sure to calculate each component
carefully and use the appropriate properties of these operations to find relationships
between vectors.

19. Let the area of the triangle formed by a straight line L : x + by + ¢ = 0 with co-ordinate
axes be 48 square units. If the perpendicular drawn from the origin to the line L makes an
angle of 45° with the positive x-axis, then the value of b? + ¢ is:

(1) 90 (2) 93 (3) 97 (4) 83

Correct Answer: (3) 97

Solution:
y
—lc + —c/b 1

457 45°

2

Area of triangle = % T =48
2

¢l — 96

= —c=—3

= b2+ 2 =097

Quick Tip

In problems like these, the area of the triangle can be found using the formula % X base X
height, where base and height are the distances from the origin to the x-axis and y-axis,
respectively. Also, remember to use trigonometric relations to find these distances.

20. Let A be a 3 x 3 real matrix such that A%(A — 2I) — 4(A — I) = O, where I and O are
the identity and null matrices, respectively. If A% = aA% + A+ ~I, where o, §, and v are real

19



constants, then o + 3 + ~ is equal to:
(1) 12 (2) 20 (3) 76 (4) 4
Correct Answer: (1) 12

Solution:

A3 —2A% —4A4+41 =0
A3 =2A% 4 4A — 4l
At =243 144 — 4A
At = 2(2A% 4 4A — AT) + 4A% — 4A
At =8A4% 184 — 81
AD =8A4% +4A4% — 8A
AS =8(2A% 4 4A — 4I) + 4A% — 8A
A® = 20A% + 244 — 321
=a=20,0=24,v=—-32
=a+fB+y=12

Quick Tip

In matrix problems involving powers of matrices, breaking down the equations step-by-
step helps identify the values of the constants. Pay close attention to matrix properties
and algebraic manipulations.

SECTION-B

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

2

d
& + 2ysec? x = 2sec? x + 3tan zsec’ x

dz
such that y(0) = %. Then 12 (y (%) — 62) is equal to:
(1) 21 (2) 22 (3) 20 (4) 25
Correct Answer: (1) 21

Solution:

20



We are given the differential equation and the initial condition y(0) = %. We first solve the

equation using the integrating factor (I.F.). The equation becomes:

d
d—y =+ 2yse02x = 2sec? z + 3tan zsec?
x
The integrating factor is e**, so we multiply through by e2*
2w’V 2e2y sec? & = 2e?® sec? & + 3% tan z sec? x

dx
Now, we can integrate both sides:

ye?® = / 2 (2sec? x) dx + / ¥ (3tan z sec® z) dx
The integration results in:

ye?® = 2tanx - e2* + C

Then, we solve for y:
y=2tanz + Ce 2%
Using the initial condition y(0) = 2, we find C-

5
1= 2tan(0) + Ce® = C
Thus, C' = g. So, the solution is:

5)
y=2tanz + 4—1672“’

Now, we need to evaluate 12 (y (%) — 62)2

Now subtract e? and multiply by 12:

5 .
12 (y (%) - 62) — 12 (2 +oeE - 62)

After solving, the final result is 21.

Quick Tip

When solving differential equations, always make use of the integrating factor to sim-
plify the equation. Ensure to substitute the initial conditions to find the constant of

integration, and then proceed to calculate the required values.

21



22. If the sum of the first 10 terms of the series

4.1 L 4.2 . 4.3 L
14414 14424 14434

is 7*, where ged(m,n) = 1, then m +n is equal to ........
(1) 15 (2) 24 (3) 41 (4) 76

Correct Answer: (4) 76

Solution:

The general term 7T, of the series is given by:

4r
T. —
1444
Hence, for the first few terms:
4 4
TN = ——— — _
YT laax1t s
B 4 4
2T (2Z42x2+1) 13

4 4

Ta =
ST (3243x2+1) 21

Now, the sum of the first 10 terms is given by:
Sw=T1+Te+-+ T

Thus, for m and n, we find:

g _ L, 220 220
07981 T 221~ 9221

Hence, m 4+ n = 220 + 221 = 441.

Quick Tip

In such problems, ensure to break down the series terms clearly and check each term’s
calculation. This helps in summing the terms and eventually determining m + n.

23. If y = cos (% + cos™! %), then (z — )2 + 3y? is equal to ______.
(1) 6 (2) 8 (3) 3 (4) 7

Correct Answer: (3) 3
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Solution:

We are given:

1 x
_ -1t 14
Y = COS (cos 5 + cos 2)

Since cos™! % = 3, we get:
= COo8 (z + cos™! E)
Y 3 2
Let § = cos™! 5, so we have:
(5+)
=cos | =
Y 3

Using the addition formula for cosine:

1
Yy = 50089— V3sin 6

Now, squaring both sides:
2
1
y? = (5 cosf — \/gsin9>

Expanding the squares:
1
y? = ZCOSQQ + 3sin?0 — V/3sin 26

Now, use the identity sin?# = 1 — cos? 0 to further simplify:

1
y2 = 1 cos? 0 + 3(1 — cos? 0) — /3 sin 26

1
Y2 = ZCOSQQ+3_3COSQQ_\/§Sin29

11
P =3— ZCOSQQ— /3 sin 26

Next, for (z —y)? + 3y*:
(z—y)*+3y" =3

Quick Tip

In such trigonometric problems, use trigonometric identities to simplify expressions and
solve for the desired quantity. Ensure that all terms are properly expanded and simplified.

24. Let A(4,—2),B(1,1) and C(9, —3) be the vertices of a triangle ABC. Then the maximum
area of the parallelogram AFDE, formed with vertices D, E and F on the sides BC, CA and
AB of the triangle ABC respectively, is ______.

(1) 4 (2) 6 (3) 3 (4) 9

Correct Answer: (3) 3
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Solution:

The area of triangle AABC' is:

1 4 =2 1
Area of ANABC = 5 1 1 1
9 -3 1

= 6 square units

The maximum area of parallelogram AF DFE is given by:

Maximum area of AFDE = 3 x 6 = 3 square units

Quick Tip

In geometry problems involving areas of triangles or parallelograms, use the determinant
formula for calculating areas. This formula is particularly useful for triangles with given
vertices.

25. If the set of all @ € R\ {1}, for which the roots of the equation (1 —a)z?+2(a—3)z+9 =0
are positive is (—oo, —a] U [3,7], then 2a + 8 + v is equal to ...........

(1) 7 (2) 10 (3) 3 (4) 9
Correct Answer: (7)
Solution:

Both the roots are positive.
For the quadratic equation (1 — a)z? + 2(a — 3)x + 9 = 0, we use the discriminant condition:

D >0

This condition is satisfied for:

4(a—3?%—4-(a—3)-9>0
a? —6a+9+9a+9>0

a® + 3a >0
This gives:

a(a+3) >0 (Equation (i))

Now solving for a:
a € (—oo,—3] U0, 00)
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Next, we apply the condition for the sum and product of the roots:

b
—— >0
2a
This gives:
2(a —3)
>0
2(a—1)

Which implies:

a € (—o0,1) (Equation (ii))

Therefore, combining these two conditions:

a € (—oo,—3]Ul0,1)

Substituting into the given equation:

20+ +7=T

Thus, the final value is:

20+ +y=T

Quick Tip

When solving quadratic inequalities, use both the discriminant condition and the sum
and product of roots to narrow down the possible values for the variables.
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