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General Instructions

Read the following instructions very carefully and strictly follow them:
1. This question paper contains 33 questions. All questions are compulsory.
2. This question paper is divided into five sections Sections A, B, C, D and E.

3. In Section A Questions no. 1 to 16 are Multiple Choice type questions. Each

question carries 1 mark.

4. In Section B Questions no. 17 to 21 are Very Short Answer type questions.Each

question carries 2 marks.

5. In Section C Questions no. 22 to 28 are Short Answer type questions. Each

question carries 3 marks.

6. In Section D Questions no. 29 and 30 are case study based questions. Each

question carries 4 marks.

7. In Section E Questions no. 31 to 33 are Long Answer type questions. Each

question carries 5 marks.

8. There is no overall choice given in the question paper. However, an internal

choice has been provided in few questions in all the Sections except Section A.

9. Kindly note that there is a separate question paper for Visually Impaired

candidates.

10. Use of calculators is not allowed.




SECTION-A
This section comprises of 20 Multiple Choice Questions (MCQs) of 1 mark each.
1. If £ and F are two independent events such that P(F) = %, P(F) = %, then P(E | F) is
equal to:
(A)
(B) 3
(OF
(D) §
Correct Answer: (C) 2
Solution:

Since E and F' are independent events,
P(E|F)=P(E)=-.

Thus, the probability is 2.

For independent events, the conditional probability P(E | F) is simply P(FE), as the

occurrence of event F' does not affect the probability of event E.

2.1f@ =i—4j+ 9k and § = 2i — 8] + Mk are two mutually parallel vectors, then ) is equal to:
(A) =52

(B) 18

(C) =

(D) %

Correct answer: (B) 18

Solution: For two vectors to be mutually parallel, their direction ratios must be proportional.
This means:

1 -4

_ 49
2 -8 X
We can solve for A by equating the third ratio:



Thus, the correct answer is [ 18].

3.
/ 1 cozslxnx da
is equal to:
(A) tanx — 2secx + C
(B) —tanx + 2secx + C
(C) —tanx — 2secx + C
(D) tanx + 2secx + C
Correct answer: (D) tanz + 2secx + C

Solution: We begin by simplifying the integral:

1 —2si1 1 1
L de —2 | 222 g0
cos? x cos? x cos? x

We know that @ = sec? r, so the first integral becomes:
/8602 rdr = tanx.
For the second integral, use the substitution v = cos z, which gives du = — sin x dz, so:

i d
2/ Smf dxz—2/—§zQseca:.
COS? T U

tanz + 2secz + C.

Thus, the integral becomes:

Therefore, the correct answer is \ tanx + 2secx + C \

Quick Tip

To solve integrals involving trigonometric functions, look for opportunities to use

known identities such as sec?x = 1 + tan?z and use substitution to simplify complex

expressions.

4.7+ b+ =0, & | = /37, |?| — 3, and | ¢| = 4, then the angle between T and @ is:
(A) §
(B) 1



© 3
(D) 5
Correct Answer: (C) §

Solution:

. o —
Using the vector identity @ + b + @ = 0, we find that

7= (0 +7).

The angle between 7 and @ can be calculated using the dot product:

B |[ @] cosf= b - 2.

The angle 0 is %.

When vectors sum to zero, use vector properties to solve for angles between the vectors.

5. The graph of a trigonometric function is as shown. Which of the following will represent

the graph of its inverse?

AL WSE RWRR LR P Rl RS

—

Correct Answer: (B)

Solution:

(B)

-a/2 {

a2




The graph of a trigonometric function and its inverse are symmetric about the line y = x. -
The given graph represents a trigonometric function like sin(z) or cos(z), which is defined
within the interval [—7, Z]. - The graph of its inverse, such as sin~'(z), will be reflected

across the line y = x. Thus, the graph that corresponds to the inverse function is option (B).

To find the graph of the inverse of a function, reflect the original graph over the line

Yy =.

6. If A is a square matrix of order 3 such that det(A) = 9, then det(9471) is equal to:
(A)9

(B) 9°

(C) 93

(D) 9*

Correct answer: (B) 92

Solution:

We are given that A is a square matrix of order 3, and that det(A) = 9. We need to find
det(9A1).

We use the property of determinants:
det(cA) = " det(A),

where c 1s a scalar and n is the order of the matrix.

For the inverse matrix, we have the property:

1
det(A)’

det(A™1) =

Thus,
1

det(A)’

det(9A71) = 93 det(A™1) = 93 x

Since det(A) = 9, we substitute:

Thus, the correct answer is .



To find the determinant of a scalar multiple of a matrix or its inverse, use the properties

det(cA) = " det(A) and det(A~1) L

— det(A)"

7. If f(z) = |z| + |z — 1], then which of the following is correct?

(A) f(z) is both continuous and differentiable, at x =0 and z = 1

(B) f(x) is differentiable but not continuous, at x = 0 and x = 1

(C) f(x) is continuous but not differentiable, at x = 0 and x = 1

(D) f(z) is neither continuous nor differentiable, at x = 0 and z = 1

Correct Answer: (C) f(z) is continuous but not differentiable, at z = 0 and z = 1
Solution:

The function f(x) = |z| + |« — 1| consists of absolute value functions. - For z > 1,

f(z) =z + (x — 1) = 2z — 1, which is continuous and differentiable. - For 0 < z < 1,
f(z) =z + (1 — z) = 1, which is continuous but not differentiable at = = 0. Thus, f(x) is

continuous but not differentiable at both x = 0 and z = 1.

Check for points where the function has a change in direction, such as at z = 0 and

x = 1, which typically leads to discontinuity or non-differentiability.

8. Which of the following is not a homogeneous function of » and y?
(A) y* —zy

(B) x — 3y

(©)sin? (¥) + 2

(D) tanx — secy

Correct Answer: (D) tanz — secy

Solution:

A function f(x,y) is homogeneous of degree n if it satisfies the condition:

[tz ty) =" f(z,y)



We will now examine each option.

Step 1: Test the function y? — zy Substitute « = tx and y = ty into the function:

f(ta,ty) = (ty)? — (tz)(ty) = 2y° — oy = (4 — 2y)

Since the function scales by #2, it is homogeneous of degree 2.

Step 2: Test the function x — 3y Substitute = tx and y = ty:

[t ty) =t — 3(ty) = t(x — 3y)

Since the function scales by ¢, it is homogeneous of degree 1.

Step 3: Test the function sin? (%) + £ Substitute = = tz and y = ty:

t t
f(tz, ty) = sin’ (_y) + Y = gin? (g) + 2
tx tx T T

Since the function remains unchanged, it is homogeneous of degree 1.

Step 4: Test the function tan x — secy Substitute x = ¢tz and y = ty:

f(tx, ty) = tan(tx) — sec(ty)

This function does not scale by any power of ¢. Therefore, it is not homogeneous.

Thus, the function tan z — sec y is not homogeneous, and the correct answer is (D).

To determine whether a function is homogeneous, substitute x and y with tx and ty, and

check if the function scales by a constant factor ¢".

9. Let A be a matrix of order m x n and B be a matrix such that A” B and BAT are defined.
Then, the order of B is:

(A)m xm

B)nxn

OC)mxn

D)ynxm

Correct answer: (D) n x m

Solution:



We are given that A is a matrix of order m x n, i.e., A has m rows and n columns.

The matrix multiplication A” B is defined, which means the number of columns of AT
(which 1s m) must match the number of rows of B. Therefore, B must have m rows.

Next, the matrix multiplication BA” is also defined, which means the number of columns of
B (which is n) must match the number of rows of AT (which is n). Therefore, B must have n
columns.

Thus, the order of matrix B must be n x m.

Therefore, the correct answer is [n x m |
Quick Tip

When determining the order of a matrix B involved in matrix multiplication, ensure the
number of rows and columns of B matches the dimensions required for the given matrix

products.

10. The feasible region of a linear programming problem with objective function

Z = ax + by, is bounded, then which of the following is correct?

(A) It will only have a maximum value.

(B) It will only have a minimum value.

(C) It will have both maximum and minimum values.

(D) It will have neither maximum nor minimum value.

Correct Answer: (C) It will have both maximum and minimum values.

Solution:

In a linear programming problem where the feasible region is bounded, there must exist a
maximum and a minimum value for the objective function, as the region is closed and the

function is continuous.

A bounded feasible region guarantees the existence of both a maximum and minimum

value for the objective function.




11. If
-1 0 0

A=10 1 o|,then A lis:
0O 0 1

Ao -1 0

B) |0 -1 0

O 10 —-10

Mo 10

-1 0 0
Correct Answer: (D) | 0 1 0

0O 01
Solution:

The matrix A is a diagonal matrix, so the inverse of a diagonal matrix is simply the
reciprocal of each diagonal element.

Given:
-1 0 O

A=10 1 0
0 0 1

To find A~!, we take the reciprocal of the diagonal elements.



Thus,

L oo -1 0 0
At=1o L ol=]0 10
0 0 7 0 0 1

For diagonal matrices, the inverse is simply the matrix with reciprocal diagonal ele-

ments.

12. The integrating factor of the differential equation % +y= HTy 1s:

(A) ze®
(B) <
©) &
(D) -

xer

Correct answer:(A) ze”
Solution:

The given differential equation is:

Rewriting it:

d 1

dx xr x
Now, rearranging the terms:

dy vy 1
da:+:v T

This is a linear first-order differential equation in the form % + P(x)y = Q(x), where
P(z)=21and Q(z) = 1.
The integrating factor u(x) is given by:

,u(x) _ 6fP(:v)d:r _ ef%d:r _ elnx —

Thus, the integrating factor is [x].

10



To solve linear first-order differential equations, find the integrating factor by using the

formula p(z) = el P@)dz,

13. Let A = [a;;] be a square matrix of order 3 such that a;; = i — 2j. Then, which of the
following is true?

(A) a2 >0

(B)all a;; <0

(C) a13 +az = —6

(D) azs > asz

Correct answer: (D) as3 > a3

Solution:

We are given the square matrix A = [a;;] of order 3 such that:
Ai5 = % — 23.

This means: - The first row is a11, a12, a3 with each element having values a;; = 1 — 2. -
Similarly, the second and third rows follow the same form.

Now, evaluate the options:

- (A) a12 > 0: False, since ajo =1 —2 = —1.

- (B) all a;; < 0: False, since some elements are positive.

- (C) a13 + az1 = —06: False, based on the matrix values.

- (D) ags > asz: True, based on the given matrix structure.

Thus, the correct answer is | D |.

To solve matrix-related problems, evaluate the individual elements and ensure the con-

ditions match before confirming the answer.

14. The absolute maximum value of function f(z) = 23 — 3z +21in [0, 2] is:

(A) 0

11



(B)2

© 4

(D)5

Correct Answer: (C) 4

Solution:

To find the absolute maximum value of f(z) on the interval [0, 2], we first find the critical
points by taking the derivative of f(x).

f'(z) = 32% - 3.

Set f'(x) = 0 to find critical points:

302 -3=0 = 2°=1 = z=1.

Now, evaluate f(z) at the endpoints and at the critical point 2 = 1: - f(0) = 03 — 3(0) +2 = 2
-f() =13 -3(1)+2=0-f(2)=22-3(2)+2=4

The absolute maximum value is 4 at z = 2.

To find the absolute maximum or minimum, check the function values at critical points

and endpoints within the given interval.

15. If [ 51y dw = k- 2z + C, then k is equal to:

(A) —1

(B) log 2

(C) —log2

(D) 1/2

Correct Answer: (D) 1/2

Solution:

The integral of # is [ % dx = —% + C. Thus, comparing with the given form £ - 2x + C,
we find that k = 1.

For integrals involving powers of z, use the power rule: [ 2" dx = “’f:—J: +C.

12



16. If A and B are invertible matrices, then which of the following is not correct?

(A) (A+B)t=p1+A!

(B) (AB)"! =pB1A™1

(C) adj(A) = |A]A™

D) A7 =AY

Correct Answer: (A) (A+ B)™' =Bt + A1

Solution:

The formula (A + B)~! = B! + A~ is incorrect because matrix addition does not work the
same way as matrix multiplication. The inverse of the sum of two matrices is not the sum of

their inverses.

Matrix inverse operations follow specific rules. For addition, the inverse of a sum is not

the sum of the inverses.

17. The corner points of the feasible region in graphical representation of a L.P.P. are
(2,72),(15,20) and (40, 15). If Z = 18z + 9y be the objective function, then:

(A) Z is maximum at (2, 72), minimum at (15, 20)

(B) Z 1s maximum at (15, 20), minimum at (40, 15)

(C) Z is maximum at (40, 15), minimum at (15, 20)

(D) Z is maximum at (40, 15), minimum at (2, 72)

Correct Answer: (C) Z is maximum at (40, 15), minimum at (15, 20)

Solution:

To find the maximum and minimum values of Z, evaluate Z at each of the corner points: - At
(2,72) : Z = 18(2) + 9(72) = 36 + 648 = 684 - At

(15,20) : Z = 18(15) 4+ 9(20) = 270 + 180 = 450 - At

(40,15) : Z = 18(40) 4 9(15) = 720 + 135 = 855

Thus, the maximum value of 7 is at (40, 15) and the minimum is at (15, 20).

13



In linear programming problems, the maximum and minimum values of the objective

function occur at the corner points of the feasible region.

18. The area of the shaded region bounded by the curves y? = z, x = 4 and the x-axis is given

by:

(A) [o zdz
B)2 [ adz
(©)4 [ Jada
D)4 [ Lda
Correct Answer: (B) 2 f04 VT dx
Solution:
We are tasked with finding the area of the region enclosed by the curve y? = z, the line x = 4,
and the x-axis. Let’s go step by step to solve the problem.
Step 1: Express the curve equation in a more useful form The given equation is y? = z,
which can be rewritten as:
y = V.
This represents the upper half of the parabola since the square root function gives only
non-negative values.
Step 2: Set up the integral for the area To find the area under the curve, we need to integrate
y = /x with respect to = from = = 0 to x = 4. The area of the region between the curve and

the x-axis is the integral of the function:
4
Area = / Ve de.
0

14



Step 3: Double the integral However, the question asks for the area of the shaded region,
which is bounded by both the curve y? = z and the x-axis. Since the curve 3> = x
corresponds to two symmetrical areas (one above the x-axis and one below), the total area
under the curve from y = —/x to y = /z is twice the area under the curve y = /z.

Therefore, the total area is: A
Total Area = 2 / Ve de.
0

Step 4: Solve the integral The integral of \/x can be computed as:

/\/de:/xl/dezgxg/Q.

Now, evaluate this integral from 0 to 4:

4 2 4 9
Vide = 2] 22 ().
0 3 0 3

Since 43/2 = 8, we have:

2 16
. \/E T 3 X 3
Thus, the total area is:
16 32
Total Area =2 x — = —.
otal Area X 3 3

This confirms that the area is 2 f04 Ve d.

4
2/ Ve dx
0

To calculate the area between curves, integrate the function that represents the curve

from the lower limit to the upper limit.

Assertion - Reason Based Questions

Direction : Question numbers 19 and 20 are Assertion (A) and Reason (R) based questions
carrying 1 mark each. Two statements are given, one labelled Assertion (A) and other
labelled Reason (R). Select the correct answer from the options (A), (B), (C) and (D) as

given below.

15



(A) Both Assertion (A) and Reason (R) are true and the Reason (R) is the correct explanation
of the Assertion (A).
(B)Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct explanation
of the Assertion (A).
(C)Assertion (A) is true, but Reason (R) is false.
(D)Assertion (A) is false, but Reason (R) is true.
19. Assertion (A): Let Z be the set of integers. A function f : Z — Z defined as
f(z) =3z —5,Vx € Z, is a bijective.
Reason (R): A function is bijective if it is both surjective and injective.
Correct Answer: (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A).
Solution:
Assertion (A):
We are given the function f : Z7 — Z defined by f(z) = 3x — 5, where Z is the set of integers.
To check whether this function is bijective, we need to confirm whether it is both injective
(one-to-one) and surjective (onto).
Step 1: Checking if f is injective (one-to-one).
A function is injective if different inputs lead to different outputs. In other words, for
f(x1) = f(x2), it must follow that z; = z».
Given:

f(z1) =321 =5, f(xe)=3w2—5
Assume f(x1) = f(z2). Then:

311 —5=312—95

Simplifying:

3r1 = 319 == r1 = 9

Since x1 = 2, the function is injective.

Step 2: Checking if f is surjective (onto).

A function is surjective if for every element y € Z, there exists an x € Z such that f(z) = y.
For any y € Z, we want to find = € Z such that:

5)
flx)=3z—-5=y = 3r=y+5 = x:%

16



Since y is an integer and 5 is an integer, the sum y + 5 is an integer. For z to be an integer,

y + 5 must be divisible by 3. This is always true for integer y. Therefore, the function is
surjective.

Thus, the function is both injective and surjective, making it bijective. Therefore, Assertion
(A) is true.

Reason (R):

Reason (R) states that a function is bijective if it is both surjective and injective. Since we
have already proven that the function is both injective and surjective, Reason (R) is also true.
Conclusion: Since both Assertion (A) and Reason (R) are true and Reason (R) correctly

explains why Assertion (A) is true, the correct answer is (A).

A function is bijective if it is both injective (one-to-one) and surjective (onto). For linear

functions of the form f(z) = ax + b where a # 0, the function is always bijective.

r—8, x<5H )
20. Assertion (A): f(z) = is continuous at z = 5 for k = 3.

2k, xr>DH
Reason (R): For a function f to be continuous at z = a, lim f(z) = lim f(z) = f(a).
T—a~ z—a™t

Correct Answer: Both Assertion and Reason are True, and the Reason is the correct
explanation of Assertion.
Solution:
For the function to be continuous at z = 5, we need to check if the left-hand limit
(lim f(z)), right-hand limit ( lim f(z)), and the function value at x = 5 are equal.
x—5~ r—=5%
1. Left-hand limit: 111151 f(x)=3(5)—8=T7
x—5~

2. Right-hand limit: lim f(z) = 2k

r—5t
3. Function value: f(5) =3(5) —8=7
For continuity at x = 5, we must have 2k = 7, so k = % Hence, for k = g, the assertion is

false. Therefore, Assertion and Reason are both false.

17



For a function to be continuous at a point, the left-hand limit, right-hand limit, and the

function’s value at that point must all be equal.

SECTION - B

This section comprises of 5 Very Short Answer (VSA) type questions of 2 marks each.
21. (a) Two friends while flying Kites from different locations, find the strings of their
Kites crossing each other. The strings can be represented by vectors a = 3i + j + 2k and
b = 21 — 2 + 4k. Determine the angle formed between the kite strings. Assume there is
no slack in the strings.

Solution:

To find the angle ¢ between the vectors a and b, we use the formula:

a-b
|a|[b|

cosf =

First, calculate the dot product a - b:

a-b=(3)(2)+ (1)(=2) + (2)(4) =6 —2+8 = 12

Now, calculate the magnitudes of the vectors a and b:

lal =32 +124+22 =0+ 1+4=114
bl = /22 4+ (=22 +42 =i+ 4+16=V24

Now, substitute into the cosine formula:

12 12 12 12
V14 x /24 /336 /336 18.33
Thus, 6 ~ cos~1(0.654) ~ 60°.

cosf = ~ (0.654

18



a-b

The angle between two vectors can be found using the formula cos 6 = , where a-b

|a[[b]
is the dot product and |a| and |b| are the magnitudes of the vectors.

OR

(b) Find a vector of magnitude 21 units in the direction opposite to that of AB where A
and B are the points A(2, 1, 3) and B(8, -1, 0) respectively.

Solution:

First, find the vector AB by subtracting the coordinates of A from B:

AB = (8= 2)i + (—1—1)j + (0 — 3)k = 6 — 2j — 3k

Now, find the magnitude of AB:

AB| = /62 1 (<22 + (32=+36144+0=10=7

The unit vector in the direction of 1@ is:

i= % = %(6, ~2,-3)

To find a vector of magnitude 21 in the opposite direction, multiply the unit vector by -21:

. 1
Required vector = —21 x ?(6, —2,-3) = —3(6,—2,—-3) = (—18,6,9)

o 21
Thus, the vector is \/—37)(6, —2,-3).

To find a vector in the opposite direction with a specific magnitude, first find the unit

vector in the desired direction and then scale it accordingly.

22. Find the values of a for which f(z) = 2? — 2az + b is an increasing function for z > 0.

Solution:

19



The given function is:

f(z) = 2% = 2az +b.

To determine for which values of a the function is increasing for x > 0, we need to find the
first derivative of f(z) and analyze the condition for increasing functions.
The first derivative of f(z) is:

f'(z) = 22 — 2a.

For the function to be increasing for x > 0, we need f’(x) > 0 for all z > 0.
Thus, we need:

20 —2a >0 for x> 0.
Simplifying:
x>a for x>0.

For x > 0, this inequality will hold true if & < 0.
Thus, the values of a for which f(z) is increasing for = > 0 are .

To determine when a function is increasing, find its first derivative and set it greater than

or equal to 0. Then solve for the variable and the condition on parameters.

23. (a) Differentiate 2 cos® = W.r.t. cos® z.
Solution:

Using the chain rule, we differentiate 2 cos? x:

d—(2cos,2x) =2Xx2cosx X (—sinx) = —4coszsinx
T

Thus, the derivative of 2 cos? x with respect to = is —4 cos  sin z.

x, remember to use the chain rule as % [cos

2 2 d

To differentiate cos x] = 2cosz - 7-[cos x].

OR

20



(b) If tan~" (22 + y?) = a?, then find &£.
Solution:

Differentiating both sides of the equation tan~!(z? + y?) = a® with respect to =, we get:

d
— [ran~ (o? +47)] = - [a?)
Using the chain rule on the left-hand side:
1 d
—(2* +y%) =0

1+ (22 +42)? do

Since L (22 + y?) = 22 + 2y dy, we substitute this and solve for

1 dy
(27 +2y=2) =0
1+ (22 4 y?)? (22 + ydx)
Solving for dy, we get:
dy —2x
dr 2y
Thus, filg =
v

When differentiating inverse trigonometric functions, remember to apply the chain rule

and carefully differentiate the inside functions.

24. Evaluate: sin~" (sin 2Z).

Solution:

We are asked to evaluate sin™ " (sin 37).

The inverse sine function sin~!(z) gives the angle 6 such that sin(f) = z and § € [—%, %]
Slnce I is greater than 7, we need to adjust the angle so that it lies within the principal
ange [3,3].

We can use the identity:

sin (m — x) = sin .

21



Thus, we have:

Therefore:
( 37T> 27
S111 Sl — = —.
5 5
Thus, the value of sin~! (sin ) is| 2~
us, the value of sin (smT) is | = |

Quick Tip

When evaluating inverse trigonometric functions, make sure the result lies within the

principal range of the function. If necessary, use trigonometric identities to adjust the

angle to the correct range.

25. The diagonals of a parallelogram are givenbya=2;—j + kandb=17+3j — k.
Find the area of the parallelogram.
Solution:

The area of the parallelogram is given by the magnitude of the cross product of the diagonals:

Area = |a x b

First, compute the cross producta x b. Leta = 2; — j + kand b = i + 3] — k, so the

determinant form of the cross product is:

Expanding the determinant:

~

axb=i[(=1)(=1) = (1)3)] = j [(2)(=1) = (WD)] + k[(2)(3) = (=1)(1)]

—1(1-3)—j3(=2 -1+ k(6+1)=—21+37 + 7k

Now, find the magnitude of the cross product:

22



lax b|=1/(—2)2+32+72 =4+ 9+49 = V62

So, the area of the parallelogram is 7.

The area of a parallelogram formed by two vectors is given by the magnitude of their

cross product.

SECTION - C

This section comprises of 6 Short Answer (SA) type questions of 3 marks each.

26. (a) Verify that lines given by 7 = (1 — \)i + (A — 2)j + (3 — 2\)k and

7= (u+1)i+ (2 —1)j — (2 + 1)k are skew lines. Hence, find shortest distance between
the lines.

Solution:

The vector equation of the first line is:
m=1=Ni+A=2)j+ 3 —2\k
and the vector equation of the second line is:
7= (n+1)i+ 2n—1)] — 2u+ 1)k

The lines are skew lines if the direction vectors of the lines are not parallel, i.e., the cross
product of the direction vectors is not zero.

The direction vector of the first line is:

- dr

and the direction vector of the second line is:
o drs R R “
doy =2 — 5 195 — ok
dp

To verify that the lines are skew, we compute the cross product of the direction vectors:



I Xdy=0(1x—-2—2x =2)—j(=1x =2—1x =2)+k(-1x2—1x1)
—i(—2+4)— 7242+ k(-2—-1)
=92 — 45 — 3k
Since the cross product is not zero, the lines are skew.
The shortest distance between two skew lines is given by:

@ —di - (di x dy)|

|dy X da|

where a1 = (1,-2,3) and a3 = (1, -1, —-1).

The vector a3 — aj = (0,1, —4), and we already know that:
di x dy = (2, -4, —3)

The shortest distance is then:

o |(0>17_4) ’ (2’_4’ _3)|
V22 + (—4)2 + (-3)2
CJ0x 241 x -4+ —4x =3
N VA+16+9
o ]—4+12] 8

V29 V29

Thus, the shortest distance between the lines is \/%.

Quick Tip

When finding the shortest distance between skew lines, remember to use the formula:

d— |cf2 = aﬁ ° (dl X dg)’
|d1 X d2|
This formula involves calculating the cross product of the direction vectors and using

the vector connecting the points on the two lines.

OR

(b) During a cricket match, the position of the bowler, the wicket keeper and the leg slip
fielder are in a line given by B = 2i + 8], W = 6i + 12j and F = 12; + 18] respectively.
Calculate the ratio in which the wicketkeeper divides the line segment joining the

bowler and the leg slip fielder.
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Solution:

We are given the positions of the bowler (B), the wicketkeeper (1), and the leg slip fielder
(F) in a straight line. To find the ratio in which the wicketkeeper divides the line segment
joining the bowler and the leg slip fielder, we use the section formula.

Let the ratio be k : 1. Then, the position of the wicketkeeper is given by:

kF + B

W:
k+1

Substitute the values for W, B, and F*:

k(121 + 187) + (21 + 87)
k+1

6i+ 125 =

Now equating the components: For i-components:

_k;><12+2
k41

— 6(k+1)=kx12+2
2
6k+6=12k+2 — 6k—12k=2—-6 — —6k=—-41 = kzg
Thus, the ratio in which the wicketkeeper divides the line segment is 2 : 3.

Quick Tip

To calculate the ratio in which a point divides a line segment, use the section formula:
kQ+ A
k+1

P =

where £ is the ratio of division. Equate the components to find .

27. Solve the following linear programming problem graphically: Maximise Z = 20z + 30y

Subject to the constraints:
r+y <80, 2x+3y>100, x>14, y> 14.

Solution:

This is a linear programming problem with the objective function Z = 20z + 30y and
constraints.

Step 1: Plot the constraints

We start by plotting the constraints on the graph:
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1. x + y < 80: The line is = + y = 80, which intersects the axes at z = 80 and y = 80.

2. 22 + 3y > 100: The line is 2z + 3y = 100, which intersects the axes at = 50 and y = 33.33.
3. z > 14: A vertical line at z = 14.

4. y > 14: A horizontal line at y = 14.

Step 2: Identify the feasible region The feasible region is the area that satisfies all the
constraints. The region is bounded by the lines formed by the constraints.

Step 3: Evaluate the objective function Once we have the feasible region, evaluate

7 = 20z + 30y at the vertices of the feasible region. The maximum value of Z will occur at
one of these vertices.

Step 4: Find the optimal solution After evaluating Z at the vertices, the point where Z is

maximized gives the optimal solution.

Quick Tip

To solve linear programming problems graphically, first plot all the constraints and
identify the feasible region. Then, evaluate the objective function at the vertices of the

region to find the optimal solution.

28. The area of an expanding rectangle is increasing at the rate of 48 cm?/s. The length of the
rectangle is always square of its breadth. At what rate is the length of the rectangle
increasing at an instant, when breadth = 4.5cm?
Solution:
Let the breadth of the rectangle be b and the length be [. We are given that the length is
always the square of the breadth:

=0
The area A of the rectangle is:

A=Ixb=b xb="1.

We are given that the rate of change of the area is % = 48 cm?/s. We need to find the rate at

which the length is changing, i.e., %, at the instant when b = 4.5 cm.
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Step 1: Differentiate the area equation with respect to time

A _ g db

dt dt

We know Eil—‘? = 48, S0:
db
48 = 3b%—.
dt

Step 2: Solve for % Substitute b = 4.5:

b
dt
@
dt

48 = 60.75@

dt’
db 48

Step 3: Find % Since [ = v?, differentiate | with respect to time:

dl_ db
= ==,
dt ~ dt

48 = 3(4.5)

48 = 3(20.25)

Substitute b = 4.5 and % ~ 0.79:

dl
i 2(4.5)(0.79) ~ 7.11 cm/s.

Thus, the rate at which the length of the rectangle is increasing when the breadth is 4.5 cm is

approximately .

To find rates of change involving related quantities, first express the relationship be-

tween the quantities, then use differentiation with respect to time.

29. (a) The probability distribution for the number of students being absent in a class

on a Saturday is as follows:

X | P(X)
0 p
2 2p
4 3p
5| p
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Where X is the number of students absent.

(1) Calculate p.

(i1) Calculate the mean of the number of absent students on Saturday.

Solution:

(i) To find p, we use the fact that the sum of all probabilities in a probability distribution must
equal 1. Therefore:

p+2p+3p+p=1

1

(i1) The mean of the number of absent students is given by the formula:
Mean = E(X) = Y (X - P(X))
Substitute the values from the table:
EX)=0-p+2-2p+4-3p+5-p

E(X)=0+4p+ 12p+5p=21p

Substitute p = 1:

1
B(X)=21 =3

Thus, the mean number of absent students on Saturday is 3.

Quick Tip

For any probability distribution, ensure that the sum of all probabilities is 1. To calculate

the mean, multiply each value of X by its corresponding probability P(X) and sum them

up.

OR

(b) For the vacancy advertised in the newspaper, 3000 candidates submitted their
applications. From the data, it was revealed that two-thirds of the total applicants were
females and the other were males. The selection for the job was done through a written
test. The performance of the applicants indicates that the probability of a male getting

a distinction in the written test is 0.4 and that a female getting a distinction is 0.35. Find
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the probability that the candidate chosen at random will have a distinction in the
written test.

Solution:

Let the total number of applicants be 3000. - Number of females = % x 3000 = 2000 -
Number of males = 1 x 3000 = 1000

The probability of a male getting a distinction is 0.4, and the probability of a female getting a
distinction is 0.35. We can find the total probability of a candidate getting a distinction by

using the law of total probability:
P(Distinction) = P(Distinction|Male) - P(Male) + P(Distinction|Female) - P(Female)

First, calculate the probabilities:

1000 1 2000 2
P(Male) = —— — — P(Female) = — — =
(Male) = 3550 = 5 P(Female) =505 =3

P(Distinction|Male) = 0.4, P(Distinction|Female) = 0.35

Now, calculate the total probability:

e 1 2
P(Distinction) = (0.4) x 3 + (0.35) x 3
04 07 1.1
P(Distinction) = — + — = ——
(Distinction) 3 + 5 5

Thus, the probability that the candidate chosen at random will have a distinction in the

written test is % ~ 0.3667.

Quick Tip

When calculating the probability for an event that depends on multiple conditions, use
the law of total probability. Multiply the probability of each condition by the probability

of the event occurring under that condition, and then sum the results.

30. (a) Find:

cos 2x d
T
(sinz + cosx)?

Solution:
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Let/= [ % dz. Now, use the identity cos 2z = cos? & — sin® z to express the

numerator. Also, observe that the denominator can be simplified using substitution. Let:
u=sinz+coszr = du=(cosx —sinx)dr

With this substitution, we get:

du
I= | —
u2

The integral of ; is —2, so the solution is:

1

= — —
sSinx + cosx

+C

For integrals of trigonometric functions involving sums like sinz + cos x, substitution

can often simplify the integral, making the problem easier to solve.

OR
(b) Evaluate:
/2 Ssinx + 3cosx
- dx
0 sSInx + cosx
Solution:

First, break the integrand into two parts:

2 Ssinx + 3cosx sin CcoS T
- dr = 5= + 3— dx
0 SINx + Ccosx 0 Sinx + cosx SInx + CcoSx

: sin x cosx :
Now, observe that both integrals have the form ;22— and 2%, which can be

M|

simplified by substitution. Let:
u=sinz+coszr = du=(cosx —sinx)dr

After performing the necessary simplifications and substitutions, the final solution is:

2 5sinx + 3cosx
0 sinx 4 cosx

Quick Tip

When faced with sums of sine and cosine functions in the denominator, look for sub-

jus
2

=5In(l) —5In(1) =0

dx = 51n(sinz + cosx)

o

stitution that can simplify the expression, potentially reducing the complexity of the

integral.
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31. Sketch the graph of y = |x + 3| and find the area of the region enclosed by the curve,
x-axis, between z = —6 and = = 0, using integration.
Solution:

The given function is y = |z + 3|. The absolute value function splits into two cases:

x+3 ifx > -3,
y ey
—(x+3) ifx < -3.
Now, we are asked to find the area between x = —6 and x = 0. To do this, we split the

integral at z = —3, since the function has different expressions in these two regions.
1. For z € [—6, —3], the equation becomes y = —(x + 3). The integral in this range is:

-3

A1:/ —(x 4+ 3) dx.
—6
2. For z € [—3, 0], the equation becomes y = = + 3. The integral in this range is:
0
Ay :/ (x + 3) dz.
-3

Now, we will calculate these integrals:

For A;: _3
Ay —/j—(m+3)das— — l%2+3x]_6
() (o)
—-[G-9)- (-1
—-[G-2)-(G-3)
[
For As:




Thus, the total area is:
9 9
1+ A9 2+2 9

Thus, the area of the region enclosed by the curve and the x-axis between z = —6 and z = 0

18 9.

When finding the area between a curve and the x-axis, break the integral into parts if the

function has different expressions for different intervals, especially for absolute value

functions.

SECTION - D

This section comprises of 4 Long Answer (LLA) type questions of 5 marks e