KENDRIYA VIDYALAYA SANGATHAN, RAIPUR REGION (2022-23)
CLASS XII -MATHEMATICS

CHAPTER 1 : RELATIONS AND FUNCTIONS

Ordered Pair:

A pair of elements listed in a specific order separated by comma and enclosing the pair in
parenthesis is called an ordered pair.

For example, (a, b) is an ordered pair with a as the first element and b as the second
element.

Cartesian Product or Cross Product of sets A and B:

The set of ordered pairs (a, b) such that a€ A, b€ B is called the cartesian product of A to B.
The set of ordered pairs (b, a) such that a€ A, b€ B is called the cartesian product of B to A.

It is written as:
AxB={(a,b):a€A,bEB}
AxB={(b,a):a€A,bEB}
Number of elements in A x B:
If n(A)=pandn(B)=qthenn(AxB)=pq
Relation from Set A to set B:

Let A and B be two non-empty sets, then a relation R from set A to set B is a subset of
cartesian product A x B.

Relation on a Set:
Let A be a non-empty set. Then, a relation from A to A is called a relation on set A.
Domain, Range and Codomain of Relation:

Let R be a relation from set A to set B, then the set of all the first elements of the ordered
pairs in R is called the domain and the set of all the second elements of the ordered pairsin Ris
called the range of R, i.e., Domain of R = {a: (a, b) € R} and Range of R = {a: (a, b) € R}. The set B is
called the codomain of relation R.

Empty Relation:

A relation from set A to set B is said to be empty if no element of A is related to any element
of B, and is denoted by @. An empty relation is a subset of A x B.

Universal Relation:

A relation from set A to set B is said to be universal if each element of A is related to every
element of B. Universal relation U = A x B.



NOTE: Empty relation and Universal relation are said to be trivial relations.
Identity Relation:
A relation R on the set A is an identity relation if and only if R = {(a, a) for each a € A}.
Types of Relations:
A relation on a non-empty set A is said to be
(i) Reflexive, if (a, a) € R for all a € A.
(i) Symmetric, if (a, b) € R implies (b, a) € R, for all a, b€ A.

(iii) Transitive, if (a, b) € Rand (b, c) € R implies (a, c) ER, forall a, b, c € A.

Equivalence Relation:

A relation R on a set A is said to be an equivalence relation if R is reflexive, symmetric and
transitive.

Equivalence Classes:

Let R be an equivalence relation on a set A. The set of all those elements of A, which are
related to a, where a € A, is said equivalence class determined by a and is denoted by [a].

Given an arbitrary relation R on an arbitrary set A, R divides A into mutually disjoint subsets
A; , called partitions or subdivisions of A, satisfying the conditions:

(i) All elements of A; are related to each other, for each i.
(ii) No element of 4; is related to any element of 4; , forall i # j.
(i)  A;nA; =9, foralli,j.

Function (Mapping):

For any two non-empty sets A and B, a function f from A to B is a rule or mapping which
associates each element of set A to a unique element in set B. It is denoted by f : A>B.

Domain, Codomain and Range of a Function:
Let f : A>B then elements of set A are called domain of f and the elements of set B

are called codomain of f. The set of all the images obtained in set B corresponding to each element
belongs to A under f is called range.

Types of Functions:

One-one (or injective function): A function f : A= B is called a one-one or injective function, if
distinct elements of A have distinct images in B.

i.e., for every xa1,x2 € A, f(x1) = f(x2) implies x1=x2



Many-one function:

A function f : A->B is called a many-one function, if there exist at least two distinct elements

in A, whose images are same in B.
Onto (or surjective function):

A function f : A->B is said to be onto or surjective function, if every element of B is the image

of some elements of A under f.
i.e., for every y € B there exists an element x € A such that f(x) =y
Into function:

A function f : A=B is an into function, if there exists an element in B which have no pre-

image in A.
One-one and onto (or bijective function):

A function f : A->B is said to be one-one and onto (or bijective function), if f is both one-one

and onto.
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In the figures, the functions f1 and f, are one-one and the functions f; and f4 are many-one. The
functions f; and f3 are onto and the functions f1 and f4 are into.
Number of Relations from set A to set B:
If n(A) = p and n(B) = q then
Number of Relations from A to B = 2Pd

Number of Reflexive Relations on a Set:
The number of reflexive relations on a set with the 'n' number of elements is given by N = 2n(m1)

Number of Symmetric Relations on a Set:
Number of Symmetric relations for a set having 'n' number of elements is given as N = 2n(n+1)/2



Number of Functions:
If a set A has m elements and set B has n elements, then

The total number of functions from Ato B=n™

Number of Surjective Functions (Onto Functions):
If a set A has m elements and set B has n elements, then

The number of onto functions from A to B = n™ —"Cy(n-1)™ + "C3(n-2)™ — "C3(n-3)M+.... - "Cn1

Number of Injective Functions (One to One Functions):

If set A has m elements and set B has n elements, n=m, then the number of injective functions or
one to one function is given by n!/(n - m)!.

Number of Bijective functions:

If there is bijection between two sets A and B, then both sets will have the same number of
elements. If n(A) = n(B) = m, then number of bijective functions = m!.

MULTIPLE CHOICE QUESTIONS
1. If A={1,2,3} and let R={(1,1), (2,2), (3,3),(1,2),(2,1),(2,3),(3,2)} , thenR is:
(a) Reflexive, symmetric but not transitive (b) symmetric, transitive but not reflexive
(c) Reflexive and transitive but not symmetric (d) an equivalence relation
2. LetRbe arelation definedonZbyaRb < a>b, thenRis:
(a) symmetric, transitive but not reflexive (b) Reflexive, symmetric but not transitive
(c) Reflexive and transitive but not symmetric (d) an equivalence relation
3. Let R be a relation defined on Z as follows: (a, b) € R <> a? + b% = 25, then domain of R is:
(@) {3,4,5} (b) {0,3,4,5} (c) {0, £3,44,15} (d) none of these
4. The relation R defined on the set A={1,2,3,4,5} by R= {(a, b): |]a? — b? | < 16} is given by:
(@) {(1.1),(2,1),(3,1), (4,1),(2,3)} (b) {(2,2),(3,2),(4,2),(2,4)}
() {(3,3),(4,3),(54),(3,4)} (d) none of these
5. Let R be a relation definedonZasR={(x,y): |[x — y| < 1} ThenRis:
(a) Reflexive and transitive (b) Reflexive and symmetric
(c) Symmetric and transitive (d) an equivalence relation

6. Let A={1,2,3},B={1,4,6,9 } and Riis a relation from A to B define by ‘ x is greater thany’. Then
range of R is given by:



(@) {1,4,6,9} (b) {4,6,9} (c) {1} (d) none of these

7. Arelation R is defined from {2,3,4,5} to { 3,6,7,10 } by x Ry < x is relatively prime to y. Then
the domain of R is given by:

(a) {2,3,5} (b) {3,5} (c) {2,3,4} (d) {2,3,4,5}

a

8. Letthe function f: R- {-b } — R— {-1} be defined by f(x) = > ; a # b, then:

(a) f is one-one but not onto (b) fis onto but not one-one

(c) fis both one-one and onto (d) none of these

9. The function f: [0, ) &> R given by f(x) = ﬁ is:

(a) fis both one-one and onto (b) fis one-one but not onto

(c) fis onto but not one-one (d) neither one-one nor onto

10. Which of the following functions from Z to itself is bijection?

(a) f(x) = x* (o) f)=x+2 (o) flx)=2x+1 (d) f(x) =x*+x
11. If the function f : [ 2, ) =B, defined by f(x) =x? — 4x + 5 is a bijection, then B is:

(@R (b) [1,00) (c) [4,0) (d) [5,0)

ASSERTION-REASON TYPE QUESTIONS
Each of the following questions contains two statements: Assertion (A) and Reason (R). Each of the
guestions has four alternative choices, only one of which is the correct statement.
(a) Both 'A" and 'R' are true and 'R' is the correct explanation of 'A'.
(b) Both 'A"and 'R' are true but 'R' is not thecorrect explanation of 'A'".
(c) 'A'is true but 'R' is false.
(d) 'A"is false but 'R is true.
12. Assertion (A) : f(x) = |[x- 2| + |x- 3| + |x- 5] is an odd function for all values of x between
3 and 5.
Reason (R) : f(-x) = - f (x) for odd function.

13. Letf(x) = 1/3 * (Isinx| sinx)

COS x |cos x|
Assertion (A): The period of f (x) is 2m.
Reason (R): The period of sin x and cos x is 2mt.
14. Assertion (A): Every even function y = f(x) is not one-one for all in x € Ds.
Reason (R): Even function is symmetrical about y — axis.
Case Study
15. Sherlin and Danju are playing Ludo at home during Covid-19. While rolling the dice, Sherlin's sister
Raji observed and noted the possible outcomes of the throw every time belongs to set {1, 2, 3, 4,
5, 6}. Let A be the set of players while B be the set of all possible outcomes.
A=(S,D), B={1,2,3,4,5,6}



Based on the above information, answer the following:
(i) Raji wants to know the number of functions from A to B. How many number of functions are
possible?
(ii) Raji wants to know the number of relations possible from A to B. How many number of
relations are possible?
(i) Let R: B> B be defined by R={(1, 1), (1, 2), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6)), then which type of
the relation is R?

16. Raji visited the Exhibition along with her family. The Exhibition had a huge swing, which attracted
many children. Raji found that the swing traced the path of a parabola as given by y = x2.

Based on the above information, answer the following:

(i) Let f: N->N be defined by f(x) = x2. Then which type of the function is f ?

(ii) Let f: N>R be defined by f(x)=x2. Range of the function among the following is:
(iii)The function f: Z->Z defined by f(x) = x2. Then which type of the function is f ?

SHORT ANSWER QUESTIONS (2 marks each)
17. Letf : R — R be defined as f (x) = |x|. Check whether f is one-one and onto?
18. Let f : R — R be defined as f (x) = [x]. Check whether f is one-one and onto?
19. Show that the relation R in the set {1, 2, 3} given by R ={(1, 2), (2, 1)} is symmetric but neither
reflexive nor transitive.
20. Find the maximum number of equivalence relations on the set A={1, 2, 3}.

SHORT ANSWER QUESTIONS (3 marks each)



21.

22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

Show that the relation R in the set R of real numbers, defined as R ={(a, b) : a < b?} is neither
reflexive nor symmetric nor transitive
4x+3

. ) 4 A _
Consider f: R— {— 5} - R— {5} given by f(x) = s
Show that the relation R defined in the set A of all polygons as R = {(P1, P2) : P1 and P, have same

. Show that f is bijective.

number of sides}, is an equivalence relation.

Let f: N— N be defined by
f(n) = {n +L .1fn_1s odd , show that f is bijective.
n—1, ifniseven

LONG ANSWER QUESTIONS (5 marks each)
Let A= {1,2,3,...,9} and R be the relation in A defined by (a, b) R (c, d) iffa + d = b + ¢ for all
a, b, c,d € A .Prove that R is an equivalence relation. Also obtain the equivalence class [(2,5)].
Show that the relation R in the set A ={1,2,3,4,5} given by R ={(a,b): |a—
b| is divisible by 2} is an equivalence relation. Show that all the elements of {1, 3, 5} are related
to each other and all the elements of {2, 4} are related to each other, but no element of {1, 3,5}
is related to any element of {2, 4}.
let A={x € Z:0 < x < 12}. Show that R = {(a,b):a,b € A, |a — blis divisible by 4} is an
equivalence relation. Find the set of all elements related to 1. Also write the equivalence class [2].
Let R be a relation on the set A = N X N ,where N is the set of natural numbers, defined by
(x,y) R (u,v) ifand only if xv = yu. Show that R is an equivalence relation.
Show that the relation R in the set N X N, defined by (a,b) R (c,d) iff a?+d? =b?+
c? Va,b,c,d €N, is an equivalence relation.
Let N denote the set of all natural numbers and R be the relation on N X N defined by
(a,b) R(c,d) iff ad(b+ c) =bc (a+ d). Show that R is an equivalence relation.

Show that the function f : R & {x € R: =1 < x < 1} defined by f(x) = %IXI , X € R is one one and

onto function.
ANSWERS

2.C 3.¢c 4.d 5.b 6.C 7.d 8.¢c 9.b 10.b 11.b

12. (a) 13. (b) 14. (d) 15. (i) 62 (i) 212 (iii) reflexive and transitive

16. (i) ) injective (ii) {1,4,9, 16,...} (iii) neither injective nor surjective

20.

There is a maximum of 5 equivalence relations on the set A = {1,2,3}.

They are

R1={(11),(2,2).3.3)}
R2={(11).(2.2),(33),(1,.2),(2.1)}
Rs={(1,1),(2,2).(3.3).(1,3).3.1)}
Rs={(11),(2,2).(3.3).(2,3).(3,2)}

Rs ={(1,1).(2,2),(3,3).(1,2),(2,1),(1.3),(3,1).(2,3),(3.2)}

25.

{(1,4), (2,5), (3,6), (4,7), (5,8), (6,9)} 27.{1,3,5}; [2] = {2,6,10}
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CLASS XII -MATHEMATICS

CHAPTER 2 : INVERSE TRIGONOMETRIC FUNCTIONS

CBSE SYLLABUS: - Definition, range, domain, principal value branch. Graphs of inverse trigonometric
function.

Gist of topic: The domain of sine function is the set of all real numbers and range is the closed
interval [-1, 1].

If we restrict its domain to {7”,%] then it becomes one-one and onto with range [ 1, 1].

. . . . -3 - - 3
Actually, sine function restricted to any of the intervals il , 4l , 4l ,f ,or Z.—” ............
2 2 2 2
etc., is one-one and its range is [-1, 1].
therefore, define the inverse of sine function in each of these intervals.

We denote the inverse of sine function by sin™! (arc sine function).

Thus, sin~t is a function whose domain is [- 1, 1] and range could be any of the intervals

s , 7 , T ,Z ,or Z.g—ﬂ ............ , and so on. Corresponding to each such interval,
2 2 2 2 2 2

we get a branch of the function sin™%. The branch with range, {%,%} is called the principal value

branch, whereas other intervals as range give different branches of sin™. When we refer to the

function sin™?, we take it as the function whose domain is [-1, 1] and range is [Tﬂ’%} . We write

sin: -1, 1] > [if}
22
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The cosine function is a function whose domain is the set of all real numbers and range is the set [
1, 1].

If we restrict the domain of cosine function to [0, it], then it becomes one-one and onto with range

[-1, 1]. Actually, cosine function restricted to any of the intervals [- 1, 0], [0,1], [m, 21T] etc., is
bijective with range as [-1, 1].



We can, therefore, define the inverse of cosine function in each of these intervals. We denote the
inverse of the cosine function by cos™ (arc cosine function).

Thus, cos™ is a function whose domain is [-1, 1] and range could be any of the intervals [-T, 0], [O,
nt], [, 2m] etc. Corresponding to each such interval,

we get a branch of the function cos™. The branch with range [0, rt] is called the principal value
branch of the function cos™

We write cos™t: [-1, 1] > [0, t]
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Domain and Range of inverse-trigonometric function



Functions Domain Range (Principal value

branches)
—® |

¥y =sm'x [-1.1] [TE

¥ = cos 'x [-1.1] [0,m]
—® |

¥ = cosec 'x R—(—1.1) [T‘? — 10

T

¥y = sec 'x R—(-1.1) [0,x] — {;}
—M T

¥ = tan 'x R ERE)

¥y = cot'x R (0, 1)

Competency based question: Type 1-MCQ
Q1 One branch of cos™ other than the principal value branch corresponds to

-7 -
(A){erg} (B) {zrrg} C) (0, m) (D) [2m, 3:]
Q2The domain of y = cos™® (x 2 —4) is

A)13,5 @01 (C|-v5-3|n|-v5.3] (D) |- V5 -3|ulv3.E]

Q3If sint x + sin"ty = /2, then value of cos™ x + cos™* y is
(n Z ®)n @0 o=
2 2

Q4 The domain of the function cos™(2x—1) is ..........
(A) [0, 1] (B) [-1, 1] (C) [-2,1] (D) [0, 1]

Q5 the value of sin 1{c0333?71 is

3 -1 T -7
(A)? (B)T (C)E (D)E

Q6The domain of the functiony = sin™* (—x 2) is
(A) [0, 1] (B) (0, 1) (€) [-1,1] (D) ¢
Q7 The domain of the function defined by f (x) = sin™x + cos x is
(A) [-1, 1] (B) [-1, m+1] (C) (—oo, =) (D) ¢

Q8 Which of the following corresponds to the principal value branch of sin™?



(A) {iﬂ (B) [%%} (©) [?%}—{0} (D) (0, )

ANSWERS :(1) [2r, 3n] (2) |- +/5,~v3|U[v/3,45] (3) 2 @10,11(5) 7 (6) L1 (7) -1, 1] (8
Ex
22

Competency based question: Type 2-Assertion -reason based questions.

In the following questions, a statement of assertion (A) is followed by a statement of
Reason (R). Choose the correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true but R is not the correct explanation of A.

(c) Ais true but R is false.

(d) A'is false but R is true.

Q1 Assertion (A): The domain of the function sec™ 2x is (— 00_71} U {% , ooj

—
4
Q2Assertion(A):The domain of the function cos™ x is [—1,1]

Reason (R) : Cosl[_—lj _2r
2 3

Reason (R): sec*(-2)=

Q3 Assertion(A):The Principal value branch of cosec™x is (%,%) - {O}

Reason (R) COSEC_{_—ZJ _2z

J3 3

Q4 Assertion (A) The Domain of the function Cot*1(2x) is (— 0, oo)

Reason (R) cot™(—1)= 3%

Q5Assertion (A) : The domain of the function defined by f(X): sin ‘l(\/l— x) is [1, 2]

Reason (R) : sin ’1(_—1) _X
2 6

ANSWERS: (1) c (2) b (3) d (4) a (5) c

Competency based question: Type 3 :Short answer questions

Q1 Find the value of x, sin(sin 1(%) + cosl(x)j =1



Q2 Find the value of : sin(Ztanl@D + cos(tan’l \/5)

Q3 Find the value of sin ‘l[sin %zj

Q4 Write the principal value ofcos™! (cos %n)

Q5Evaluate:tan (2 tan~?! %)

i : -1 Br -1 3m
Q6.Find the value of : cos (cos 5 )+tan (tan 4)

Q7 Evaluate: sin E —sin~?! (— ?)]

QS8 Find the value of sin (sin‘1 % + cos™?! %)
.o -1(_3
Q9. Evaluate: sin (2 cos ( 5))

Q10. The value of cos™! (— %) — 2sin™? G)

Answer:(l)%(Z). % (3).2?” (4).5?"(5).%

3+43
10

(6).:—=(7). 1 (8) (9) —% (10) %
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CHAPTER 3 &4 : MATRICES & DETERMINANTS



SCHEMATIC DIAGRAM

MATRIX: If mn elements can be arranged in the form of m row and n column in a rectangular array then this
arrangement is called a matrix.

Order of a matrix: A matrix having m row and n column is called a matrix of m X n order.

Types of Matrices

2
(i) Column matrix: A matrix is said to be a column matrix if it has only one column e.g[l]
3

(ii) Row matrix: A matrix is said to be a row matrix if it has only one row e.g..[1 2 3]

(iii) Square matrix :A matrix in which the number of rows are equal to the number of columns, is said to be a
square matrix. Thus an m x n matrix is said to be a square matrix if m = n and is known as a square matrix of

o

a b 7 CHAPTER2 INVERSE
" TRIGONOMETRIC FU
order’'n’ eg.ld e f

g h i

(iv) Diagonal matrix: A square matrix B = [bj] mxm is said to be a diagonal matrix if all its non diagonal
elements are zero, that is a matrix B = [bij] m x m is said to be a diagonal matrix if bij =0, when i #j

a 0 0
eg. |0 e O
0 0 i

(v) Scalar matrix: A diagonal matrix is said to be a scalar matrix if its diagonal elements are equal, that is, a
square matrix B = [bij] n x n is said to be a scalar matrix if bij = 0, when i # j bij = k, when i = j, for some

a 0 O
eg |0 a O

0 0 a

constant k.

(vi) Identity matrix: A square matrix in which elements in the diagonal are all 1 and rest are all zero is called

1 0 O
eg. |0 1 0

0 0 1

an identity matrix.

(vii) Zero matrix: A matrix is said to be zero matrix or null matrix if all its elements are zero. For example, [0],

0 0 O
0 0 O
0 0 0

Addition and subtraction of matrices: Two matrices A and B can be added or subtracted if they are of the
same order i.e. if A and B are two matrices of order m X n then A + B is also a matrix of order mxn.

Multiplication of matrices: The product of two matrices A and B can be defined if the number of rows of B is
equal to the number of columns of Ai.e. if A be an m X n matrix and B be an n X p matrix then the product
of matrices A and B is another matrix of order m X p.



Transpose of a Matrix: If A = [g;] be an m x n matrix, then the matrix obtained by interchanging. the rows
and columns of A is called the transpose of A. Transpose of the matrix A is denoted by A’ or AT.

Properties of transpose of the Matrices: For any matrices A and B of suitable orders, we have

M (AT) = A (ii) (KA)T = KAT (iii) (A + B)T = AT + BT (iv) (AB)T = BTAT

Symmetric Matrix: A square matrix M is said to be symmetric if AT = A

o A2

Note: there will be symmetry about the principal diagonal in Symmetric Matrix.

Skew symmetric Matrix: A square matrix M is said to be skew symmetric if AT = —A4
0 e f
e.g.[—e 0 g
~f -9 0

Note: All the principal diagonal element of a skew symmetric Matrix are zero.

Determinant: For every Square Matrix we can associate a number which is called the Determinant of the
square Matrix.

Determinant of a matrix of order one
Let A =[a] be the matrix of order 1, then determinant of A is defined to be equal to a.

Determinant of a matrix of order two

Let A= [Z f]] be a Square Matrix of order2x 2 then the determinant of A is denoted by |A| and defined by

a
41 =5

b
=ay - bx
y y

Determinant of a matrix of order 3X 3: Let us consider the determinant of a square matrix of order 3% 3,

a b c
|Al=p q
Xy z

Expansion along first row |A| = a(qz — yr) — b(pz — xr) + c(py — qx)
We can expand the determinant with respect to any row or any column.

Area of a Triangle: area of a triangle whose vertices are (x1, Y1), (X2, y2 ) and (xs, y3 ), can be written in the
form of a determinant as

1[%2 N 1
A= — Xy Y2 1
x3 y3 1

Remarks: (i) Since area is a positive quantity, we always take the absolute value of the determinant

(i) If area is given, use both positive and negative values of the determinant for calculation. (iii) The area of
the triangle formed by three collinear points is zero.



Minors and cofactors:

Minor of an element a;; of a determinant is the determinant obtained by

deleting its ith row and jth column in which element a;; lies. Minor of an element a;;is

denoted by M;;.

Cofactors: cofactors of an element a;; denoted by A;; and is defined by A;; = (—1)”le-]- where M;; is the

minor of a;;.

Adjoint of a Matrix: Let A= [;( g] be a Matrix of order 2 X 2

Then adj(A) = [_(sy _ﬁ]

a
X y z
Again letA = [p q T] be a Matrix of order 3 X 3
a b ¢
q r| _Ip r| p qq
b c a c a b
N A4 x z Xy _
Then adj (A) = |b c| |a c| |a b -
y z X z Xy
 lq r| p r| |p al |
qc — br —(pc —ar) pb —aq ! qc —br bz—ay yr-—qz
—(yc — b2) xc—az —(bx—ay)| =|ar—pc xc—az pz-—xr
yr—qz —(xr—pz) xq-—py pb—aq ay—bx xq-—py
Inverse of a Matrix: Inverse of a Square Matrix A is defined as A~1 = %

Note: If A be a given Square Matrix of order n then

(i) A(adj(A) = adj(A)A=|A|Iwhere | is the Identity Matrix of order n.
(ii) A square Matrix A is said to be singular and non-singular according as |A| = 0 and |A| # 0
(i)  |adj(A)|=|A|™! (For a square Matrix of order 3 x 3 |adj(A)| = |A|?)

IMPORTANT SOLVED PROBLEMS

-2
Ql.IfA=| 4
5

, B=[1 3 -6],Verifythat(AB) =B'A’

Solution: - We have

e
IfA=| 4|, B=[1 3 —6]
| 5 |
-2 -2 -6 12
Then AB=[ 4 |[1 3 -6]= [ 4 12 —24]
5 5 15 =30
1
Now A'=[-2 4 5],B'= [ 3 ]
—6



1 -2 4 5
BA'=| 3 |[-2 4 5]=|-6 12 15 | = (AB)’
-6 12 -24 -30

Clearly (AB)' =B'A’

Q2. If x [g] +y [_11] = [150] then find the value of x and .

Sol. Given x [g] +y [—11] _ [150]

S+ 1= 15Ter 5 3] = [5)
So2x—y=10and 3x+y=5; On solving we getx=3 and y = -4

cosx —sinx O
Q3.IfF(x)=|sinx cosx O
0 0 1

prove that F(x) F(y) = F(x+y)

cosx —sinx 0O
Sol. Given F(x) = | sinx cosx 0| soF(y)=
0 0 1

siny cosy O

cosy —siny 0‘
0 0 1

cosx —sinx 0

cosy -—siny 0
Hence F(x) .F(y) = [sinx cosx O||siny cosy 0‘
0 0 1 0 0 1

[cosxcosy — sinxsiny —cosxsiny — sinxcosy 0‘

sinxcosy + cosxsiny —sinxsiny + cosxcosy 0
0 0 1

cos(x+y) =—sin(x+y) O
= [sin(x +y) cos(x+y) 0]
0 0 1
Hence F(x) F(y) = F(x+y)

Q4. Express the given Matrix as the sum of a symmetric and skew symmetric matrix

(6 -2 2
A=|-2 3 —1]
| 2 -1 3
6 -2 2]
Sol.HereAT =|-2 3 -1
2 -1 31

) 12 -4 4 6 -2 2
P=—(A+AT)=2|-4 6 -2|=|-2 3 -1
4 -2 6 2 -1 3

Now PT = P so P= % (A + AT) is a symmetric Matrix.

1

L 0 0 O 0 0 O
AIsoIetQ==E(A—AT)=E[O 0 0]=[0 0 0
0 0 O 0 0 O
QT = —Q Hence Q is an Skew Symmetric Matrix.
6 -2 2 0 0 O 6 -2 2
NowP+Q=|-2 3 -—-1|+|0 0 O0|]=|-2 3 -1|=4
2 -1 3 0 0 O 2 -1 3




Thus, A is represented as the sum of a symmetric and skew symmetric matrix.

Solving System of Linear Equations by Matrix Method

Step 1.Write the given system of equation in the form of AX=B
Step2. Find |A|

Step3. Find adj(A)

adj(A)
4|

Step4. Find A™1 =
Step5. Find X = A™1B

Step6 Find the value of x,y and z

Consistent system: A system of equations is said to be consistent if its solution (one or more) exists.

Inconsistent system: A system of equations is said to be inconsistent if its solution does not exist.

Case I: If A is a nonsingular matrix (|A|# 0), then its inverse exists and system is consistent and has a unique
solution.

Case ll: (i)If Ais a singular matrix, then |A| = 0. In this case, we calculate (adj A) B. If (adj A) B £ O, (O being
zero matrix), then solution does not exist and the system of equations is called inconsistent.

(i) If (adj A) B = O, then system may be either consistent or inconsistent according as the system have either
infinitely many solutions or no solution.

Q5. Solve the system of equations x+2y—3z=-4, 2x+3y+2z=2,3x—3y—-4z=11

Sol. The given system of equation can be written as A X = B where

1 2 -3 x —4
A=[2 3 2X=[y] B=[2]
—4 z 11

3 -3
1 2 =3
Now |A]| =2 3 2= —6+28+45=67
3 -3 -4
-6 14 -151" [-6 17 13 i) [-6 17 13
adjA)={17 5 9 | =|14 5 —8|Now Al= |i1| =—|14 5 -8
13 -8 -1/ -15 9 -1 -15 9 -1
L[—6 17 13)[—4] ,[24+34+143
HenceX=A‘1B=5 14 5 —8”2]=5—56+10—88
[—15 9 —1ll11 60 +18 — 11
x L[ 201 r 3
So[y] =—|-134|= |-2
z 67 [ 1

Hencex=3,y=-2,z=1



ASSIGNMENTS
Multiple choice questions
Choose the correct option

0 0 4
1.The matrixP={0 4 O0|isa
4 0 O

(a) square matrix (b) diagonal matrix  (c) Unit Matrix  (c) none of these
2.Total number of possible matrix of order 3x3 with each entry 2 or 0 is

(a9 (b)27 (c)81 (d) 512

3.If A and B are two matrices of order 3xm and 3xn respectively, and m=n, then the order
of the matric (5A-2B) is

(a)mx3 (b)3x3 (c)mxn (d)3xn

4. If A and B are matrices are of the same order then (AB’-BA’) is a

(a) skew symmetric matrix (b) null matrix (c) symmetric matrix (d) unit matrix
5. Let A be a square matrix of order 3x3, then |kA| equal to

(@kIAl  (b)*|A]  (c) K*|A] (d)3k|A|

6. Which of the following is correct

(a) Determinant is a square matrix

(b) Determinant is a number associated to a matrix

©Determinant is a number associated to a square matrix.

(d)None of these

Answer:

l1.a 2.d 3.d 4.a 5.c

VERY SHORT ANSWER TYPE QUESTIONS(VSA-2 MARKS )

1. If a matrix has 6 elements, what are the possible orders it can have?
2. Construct a 3 x 2 matrix whose elements are given by a;j = |i—3j |
[1 2 3 [2 3 1 '
3. If A=13 1 31 , B=11 0o 21, then find A—2 B.
3 -1
[2 1 4 [2 2 ] .
4. IfA=14 1 5landB=11 3 1, writethe order of AB and BA.
5. Find the matricesXaninfX+Y=[5 2 andX—Y=[3 6]
0 9 0 -1

6. Solve: [x 1] [_12 _03] [g] = 0.



2 —3 5
6 0 4
7. Findthe co-factor of a;, inA=l1 5 -7

2 -1

8. Find the adjoint of the matrix A=[-l 3 ]
5 2l

9. If A =15 —-21 write Atintermsof A

10. If Ais square matrix satisfying A = |, then what is the inverse of A ?
2-k 3]
11. For what value of k, the matrix A = 1L —5 11 is notinvertible ?

Cos15°  Sin15°

12. Evaluate .
Sin75°  Cos75°

13. What is the value of 131l |, where I is identity matrix of order 3?
14. If Ais non singular matrix of order 3 and 4l =3, then find 1241

[Ea —1]
15. Forwhatvalveofa, L—8 3 1 isasingular matrix?

Answer:
1 3
2
L 2
2
0 3 [—3 —4 1]
1.1x6,6x1,2x3,3x%x2 2. 2 3.11 1 -1 4, 2x2, 3x3
[3 1
7. 46 8l—-4 2
9 A=A 10.A1° A 11 k=17, 12.0 13.27 14.24 15.-4/3

SHORT ANSWER TYPE QUESTIONS (SA-3 MARKS)

1
—4
1. For the following matrices A and B, verify (AB)" = B'A", where A=13 1, B=[-1 2 1],
2. Give example of matrices A & B such that AB = O, but BA # O, where O is a zero matrix and
A, B are both non zero matrices.

3. If B is skew symmetric matrix, write whether the matrix (ABAT) is symmetric or skew symmetric.

[3 1 [1 0
4.1f A=17 51 andl=Llo 1], find aandb so that A%+ al = bA

5.Verify A(adjA) = (adjA) A = 14l if



[1 2 3]
2 3 2 3 2
1. A=[—-l —6] 2. A=13 3 4

3 —3
6.If A = [—-1 2 ], show that A2—5A — 141 = 0. Hence find A
7. If A, B, C are three non-zero square matrices of same order, find the condition
on Asuchthat AB = AC =B = C.

8.Find the number of all possible matrices A of order 3 x 3 with each entry 0 or 1.

9. If Ais a square matrix of order 3 such that ladjAl =64, find 1471

10.If A is a nonsingular matrix of order 3 and 4l =7, then find ladjAl

a 2
11. If A =[2 al and 413 = 125, then find a.

12. Asquare matrix A, of order 3, has I4l =5, find 4. adjAl
16 3 |2x 3|
13. Find positive valueof xif 15 21 =15 x
a+ib c+ :'dl
14. Evaluate l-c+id a-—ib

Answer:
2 5
BET R
4 _ 3
3.skew symmetric 4, a=8,b=8,6.L 14 1 8.512 9.8 10.49

11.a=+33 12. 125 13.4 14.. a® 4+ b* 4o 4d*

LONG ANSWER TYPE QUESTIONS (LA-5 MARKS)

2 0 1
2 1 3
1. If A =11 -1 0l thenfind the value of A>-3A + 2|

2. Express the matrix A as the sum of a symmetric and a skew symmetric matrix, where:

i -2 —4
i -2 -5
A=1-1 1 2

_[ cos8 sinf
3. IfA_[—sinO cosB

cosnf sinn@

] then prove that = A™ = [—sinnB cosno

] ,neN



2 3 1
-3 2 1
4. fA=1l5 -4 —21, find A and hence solve the following system of equations: 2x —3y + 5z

=11, 3x+2y—4z=-5, x+y—-2z=-3.
5.. Using matrices solve the following system of equations:

(i) x+2y-3z =-4, 2x+3y+2z =2, 3x-3y—-4z =11

(i) 4x+3y+2z=60, X+2y+32=45 , 6x+2y+32=70
1 -1 0 2 2 —4
2 3 4 -4 2 —4
6. Find the product AB, whereA=10 1 21, B=12 -1 5 1 anduseitto solvethe equations x

-y =3, 2x+3y+4z=17, y+2z=7

1 1 1

———+4+=—=4
. . . . 3

7 Using matrices solve the following system of equations: —+ ———=0
1

—+—+—=2
X y z

8. A trust caring for indicate children gets rupees 30,000/- every month from its donors. The trust

spends half of the funds received for medical and educational care of the children and for that it
charges 2% of the spent amount from them and deposits the balance note in a private bank to get
the money multiplied so that in future the trust goes on functioning regularly. What % of interest
should the trust get from the bank to get a total of rupees 1800/- every month? Use matrix method
to find the rate of interest? Do u think people should donate to such trusts?

1 5 5 3

o3 73 |1 7z 3

1 _ 5 _

5 -2 -2 |5 0o -3
1 -1 -1 < <

[3 —3 “] 2 2 2 23 0
Answer:1.1-3 2 0 2L 2 + L2

4.x=1,y=2,2z=3. 5. (i)x=3,y=-2,z=1.(ii)x=7,y=4,2=10

6. AB=6l, x=2,y=-1,z=% 7.x=%,y=-1,z=1

COMPETENCY BASED QUESTIONS

1.Two formers Ramkrishan and Gurucharan Singh cultivate only three varieties of rice namely Basmati,
Permal and Naura. The sale (in Rupees) of these varieties of rice by both the farmers in the month of
September and October are given by the following matrices A and B.

September Sales ( In rupees):



October Sales ( In rupees):

Basmati
10,000
50,000

Basmati
50,000
20,000

Permal
20,000
30,000

Permal
10,000
10,000

Naura
30,000
10,000

Ramakrisan
Gurucharan Singh

Naura
6,000
10,000

Ramakrisan
Gurucharan Singh

On the basis of above information answer the following questions

(i)
(ii)

result of ax3xb2,?

(iii)

What is the order of the matrix AxB?
If ajjis the element of the matrix A and if bj; is the element of matrix B, then what is the

Find the combined sale in September and October for each farmer and each variety.
OR

(iii)Find the decrease in sales from September to October

2.Rahul wants to invest Rs30,000 in two different types of bonds. The first bond pay 5%
p.a. interest while other will give 7%. If Rahul will get Rs1800/- annual interest.

On the basis of this information answer the following questions

(i)

Represent the given condition in matrix form

(ii))What amount the Rahul will invest at 5% pa interest rate

(iii) What amount the Rahul will invest at 5% pa interest rate

(iii)He if invests Rs15000 for two years at 7% per annum simple interest, then how much

interest will he get

3. Manjit wants to donate a rectangular plot of land for a school in his village. When he was asked to give
dimensions of the plot ,he told that if its length is by 50m and breath is increased by 50m, then its area will
remain same, but if length is decreased by 10m and breath is decreased by 20m then its area will decrease

by 5300m?.

OR

Based on the information given above answer the following questions

(i)

(ii)Write the equation in matrix form.

(i)

(iii)

Find the equationintermsofxandy.

Find the length of the rectangular plot

OR

How much is the area of rectangular field

Answers of Competency based questions

1.(i) not defined



(ii) (10000)2

Basmati Permal Naura ,
Ramakrisan

(iii)| 15,000 30,000 36,000 )
70,000 40,000 20,000] F¥TUcharan Singh
OR
(...)[5,000 10,000 24,000] Ramakrisan
"{30,000 20,000 0 |GurucharanSingh
. 7%] _
15. (i) [x 30,000 — 2x] 5%]_1800
(ii) 15000 (iii) 15000
OR
(iii) 2100

16. (i)X-y=50, 2x+y=50

(")[; _11] [ﬂ - [55500]
(iii)200m

OR
(iv) 30000 sq.m
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CHAPTER 5- COUNTINUITY AND DIFFERENTIABILITY



COUNTINUITY OF A FUNCTION

LEARNING OBJECTIVES/OUTCOMES

Understanding the concept of Continuity and differentiability and addressing the problems based on
continuity

and derivative of composite functions, chain rule, derivatives of inverse trigonometric functions,
derivative of

implicit functions.

Learning the concept of exponential and logarithmic functions.

Skills to solve derivatives of logarithmic and exponential function. Logarithmic differentiation,
derivative of

functions expressed in parametric forms. Second order derivatives

Knowledge of functions :
(i) Polynomial functions: e.g. f(x) =x?+2x +5
(if) Modulus function : f(x) = |x|
(iii) Greatest Integer Function : f(x) = [x]
(iv) Signum function : The signum function, denoted sgn, is defined as follows: sgn(x) = {1, x>0
-1, x<00,x=0
(v) Trigonometric functions : sin X, cos X etc.
(vi) Inverse Trigonometric functions : sin- 1 x, cos- 1 X etc.
(vii) Logarithmic functions : f(x) = log x
(viii) Exponential functions : f(x) = e*.
DEFINITAION OF COUNTINUITY

Continuity at a Point: A function f(x) is said to be continuous at a point x = a, if

Left hand limit of f(x) at (x = a) = Right hand limit of f(x) at (x = a) = Value of f(x) at (x = a)
i.e.ifatx =a, LHL = RHL = f(a)

where, LHL = limx—a—f(x) and RHL = limx—a+f(x)

Note: To evaluate LHL of a function f(x) at (x = 0), put x =a—h and to find RHL, put x =a + h.

Continuity in an Interval: A function y = f(x) is said to be continuous in an interval (a, b), where
a < b if and only if f(x) is continuous at every point in that interval.

Every identity function is continuous.

Every constant function is continuous.

Every polynomial function is continuous.

Every rational function is continuous.

All trigonometric functions are continuous in their domain..

Algebra of Continuous Functions
Suppose f and g are two real functions, continuous at real number c. Then,

f + g is continuous at x = c.

f—gis continuous at x = c.

f.g is continuous at x = c.

cf is continuous, where c is any constant.
(fog) is continuous at x = ¢, [provide g(c) # 0]

NOTE- Suppose f and g are two real valued functions such that (fog) is defined at c. If g
is continuous at ¢ and f is continuous at g (c), then (fog) is continuous at c.
e If fis continuous, then |f| is also continuous.



Standard Results of Limits

e xT=a" o oay oy g SRX g (i) lim 22X -
(i) ,}TL x_"j'—”ﬂ (11)11_1;111] x =0 X
X e log(1+x)
(iv) lim © “1 (v) lim ~1—=U~PE{0:°‘='} (vi) lim TR o1
x— 0 X LA S § a0
|
a*-1 ey g SIDTX ; 1/x _
P e lim t =1 (x) lim (1+x) €
(vii) fim = =logea - (IDI TR
-8 X
(xi) tim "X (xii) lim [1+-.1_] e
X—¥ s X X =5 oo X

{xiii) lim sin x= lim cos x =lies between—1to 1.

X o X —p o

Differentiability

1) The derivative of the function f at the point a in its domain is given by f' (a) = lim h—0 [ (a+h)—f(a)]
/ h,

2) The function f is differentiable at the point a in its domain if f'(a) exists.

3) The function f is differentiable on the subset S of its domain if it differentiable at each point of S.

OR

Differentiability: A function f(x) is said to be differentiable at a point x = a, if
Left hand derivative at (x = a) = Right hand derivative at (x = a)
i.e. LHD at (x = a) = RHD (at x = a), where Right hand derivative, where

Right hand derivative, R’ (a) = im ﬂL";‘J@

Left hand derivative, Lf’(a)= im f(a —hi - fla)

A function can fail to be differentiable at a point a if either }lin(}f(aL’)l_f@ does not exist, or is
infinite

Note :

(a) All continuous functions are differentiable. For instance, the closed-form function f(x) = |x]|

is continuous at every real number (including x = 0), but not differentiable at x = 0. (b)
However, every differentiable function is continuous.

Note: Every differentiable function is continuous but every continuous function is not
differentiable.

Differentiation: the process of finding a derivative of a function is called differentiation.

Rules of Differentiation :
Sum and Difference Rule: Let y = f(x) £ g(x). Then, by using sum and difference rule, it’s derivative




is written as

j”' ] )

Product Rule: Let y = f(x) g(x). Then, by using product rule, it’s derivative is written as

d
2 [ (f(XJ)}Q{XH[i(g(x})] ().

Quotient Rule: Let y = f(x)g(x); g(x) # 0, then by using quotient rule, it’s derivative is written
as

d d
dy _ g(x) x ix LfGO]- fx0) x i [g(x)]
dx [g()]? '

Chain Rule: Let y = f(u) and u = f(x), then by using chain rule, we may write

dy dy du when — dy .md— both exist.
dx  du dx’ du dx

Rules of logarithmic function
logmn = logm+logn

log(%) = logm—logn

log mn) =n log mn

Change of base rule, logab = og. @

loge = 1, logl = 0, elogf(x)=f(x)

Differentiation of Functions in Parametric Form: A relation expressed between
two variables x and y in the form x = f(t), y = g(t) is said to be parametric form with t as a
parameter, when

dy
dy [dt]
dt

(whenever dxdt+0)
Note: dy/dx is expressed in terms of parameter only without directly involving the main
variables x and y.

log. b

Second order Derivative: It is the derivative of the first order derivative.
d’y d [dy]

dx? dx \dx



Some Standard Derivatives

R _ o d c0s x) = — sin x
(i) o (sin x) = cos x (ii) . ( )
(iii) L3 (tan x) = sec”® x (iv) Lk (sec x) = sec x tan x
dx dx
(v) LS (cosec x) = — cosec X cot X (vi) d (cot x) = - cosec® x
dx dx
L d = _1
(vii) -d— (sin™! x) = L (viii) —(cos™ x)= 3
dx 1— x? dx 1-x
. d =1 1 d =1 _ 1
—(t X)= —— (x) —(sec™ X)=——==
(ix) dx(an ) 1+ x? dx xe_z—l
- d =1 - _1 5u i C.Dt_l x) — _1
(xi) E (cosec™ x) = ;Jx_z-_l (xii) o ( T
i) 4 (x") = nx"? vy 4 constant) =0
(xiii) ™ (x") =nx (xiv) i ( |
d (ox) = i i log. x =l x>0
(xv) a(e )=e (xvi) dx( g, X) -

(xvii) i{-:1"} =a” log, a,a>0
dx

Some Useful Substitutions for Finding Derivatives Expression

Expression Substitution
(i) a? +x* x=atan® or x=acot9
(ii) a® —x* x=asin® or x =acos®
(iii) x* —a? x=asecBor x =acosect
. a-x a+x
(iv) |— or '—--— x=acos20
a+x \a-x
(2 2 2, .2
a‘-x a® +x
(v) \‘ — Gl“j — x*=a® cos20
a‘ +x a‘-x

Logarithmic Differentiation: Lety = [f(x)]9® ..(i)

So by taking log (to base e) we can write Eq. (i) as log y = g(x) log f(x). Then, by using chain
rule

Y [ [9?% f'(0) +9' () log fﬁx?‘]



SECTION —A (MULTIPLE CHOICE QUESTIONS )

5x — 4, 0<x<1

1.The value of b for which the function f(x) = { 4% +3bx 1<x<2

domain is
(@ -1 (b) 0 (c) 13/3 (d 1

is continuous at every point of its

((2Vx,0<x<1
2.The points of discontinuity of the function f(x)= { 4—2x ,1<x< ; is (are)
2x-7,2<x<4
@x= 1,52 (b)x=52  (c) x= 15124 (d) x=04

3.The set of points where the function f(x) given by f(x) = Ix-3I cosx is differentiable is

@R  (OR-{8} () 0x) (d) (-=0)

4.Rolle’s theorem is not applicable for f(x) = Ixl in [-2,2] because
(a) fis not continuous in [-2,2] (b) fis not derivable in (-2,2) (¢) f(2) #£(-2) (d) none of these

1

x+0 .
50 f(X) = 1+ex ,then f(x) is
0, x=0
(a) continuous as well as differentiable at x =0 (b) continuous but not differentiable at x =0 (c) differentiable
But not continuous at x =0 (d) none of these

2
6.1f y? = ax? +b, then ZTZ =

b 3 b b
@% b5  ©%F (@ %
7.The function f(x) = I cosx I is
(a) differentiable at x = (2n+1) n/2 ,ne Z (b) continuous but not differentiable at x = (2n+1) n/2 ,ne Z
(c)differentiable for all x but not continuous at some x (d) None of these

log(1+3x)—log(1-2x) x#0
8. If the function f(x) defined by f(x) = { x ’ is continuous at x =0 then k=
k x=0

@1 (b)5 (©)-1 (d) none of these

asin’z—t(x +1), x<0

9.0Ff(X) =1 tanx—sinx is continuous at x =0 then a =

3 , x>0
(@) % (b) 173 (c) Ya (d) 1/6

10.The function f(x) = x-[x] ,where [x] denotes the greatest integer function is
(a) continuous at integer points only (b) continuous at everywhere (c) continuous at noninteger points only
(d) differentiable everywhere

Ans: 1)a2)b 3)b 4b 5d 6)d 7b 8b 9b 10)a
VERY SHORT ANSWER QUESTIONS: (2 MARKS EACH)

1. Atwhat points is the function given by (x)= x+1(x—2)(x—3) is continuous?
(Ans; 2,3) .

2. If the function (x)= Sin 10x/x ,x #0 is continuous at x=0, find f(0). (Ans. 10)
3. Check the continuity of f(x) =2x + 3at x = 1.

4. Discuss the continuity of the function f(x) = [x| at x = 0.



10.

11.
12.

13.

14.
15.

16.

17.

18.
19.

20.

21.

22.

Show that f(x) = 2x - |x| is continuous at x = 0.

Find the derivative of seC'l(2 x:—1) wrtvl—xZat x = % Ans: 4

1+cosx

Differentiate tan™! ( )with respect to x. Ans:—%

sinx

Find the derivative of f (e®"*)w.r.tox = 0. Itisgiventhatf'(1) =5
Ans:5

_ ax bx ﬂ_ ﬂ —
If y =P e® +Qe"”* ,show that = (a+ b) o aby=0

Find the value of k so that the function f is continuous at x = g
kcosx, if x = n
flx)={ ™2 2 Ans: k =10
5, if x = E

SHORT ANSWER QUESTIONS : Three marks questions

— 2
If y = e%0s™'* _1 < x <1 then show that: (1 — xz)%— x% —a’y=0
Determine the value of ~ k’ for which the following function is continuous at x = 3,
(x+3)2-36 +3
f(x) = { x-3 X Ans: k=12
k , x=3
2
If x =asinpt,y =bcospt, Then find %att= 0 Ans: —%
. . . d?y _m —16
If x=3sint—sin3tandy =3 cost—cos3t,find — att=— Ans:—
dx 3 27

Show that f(x) = |x — 3|, V x € R, is continuous but not differentiable at x = 3

2
If y= (tan"1x)2, show that (x* + 1)2. % +2x(a? + 1)% _5

dy  logx

Y — e*~¥ v
If x¥=e* thenshowthat —= Togre 2
) dy  cos?(a+y)
If cosy = xcos(a + y), withcos a # +1,prove that T ama
. . . . L1 (2%T1.3X 2**13%10g 6
Differentiate the following with respect to x : sin (1+(36)x) Ans:————
x+1 x+1
Differentiate the following with respect to x : sin~?! (2—) Ans:2—1092
1+(4)* 1+ 4%
SECTION D : Five marks questions
Y 4 vt — b .dy .y 4y*logy
If x¥+y*=a’ then find —- Ans: TP —
sin(a+1);c+2 sinx x<0
If f(x) = 2 ,X =0 iscontinuous at x = 0, then find the values of a and b.
(x/1+:x—1) x>0

Ans:a=-1,b=4



Vithx—vi-kx Vl_kx,if—lgx<0

23. Find the value of k, for which f (x) = x is continuous at

2x+1 .
Xt ifo<x<1
x—1

)

x=0 Anssk= -2
1 dz d
24.1f x = tan (3 logy) show that (1 + x2) T3 + (2x - @) 2 = 0

25. If y Va2 + 1 = log(Vx2 + 1 — x), then show that (x? + 1)% +xy+1=0

26. Find the values of a and b, if the function f is defined by

2
f(x) = {f)x-:_zx + e, : f 1is differentiable at x = 1 Ans: a=
3,b=5
27. Show that the function f given by :
1
E'f *+0 - . .
f@) =1 I, 1’ x is discontinuous at x = 0
-1 ifx=0

28. Find, 2 of the function y = (logx)* + x*n*
Ans:(logx)*[log(log x) + @] + xSinx (? + cosx.log x)

ASSERATION BASED QUESTION
TOIPC -COUNTINUTY AND DIFFERENTIABILITY

DIRECTION: In the following questions, as statement of assertion( A)is followed by a
statement of reason(R).Mark the correct choice as:

(a) Both assertion (A) and reason(R)are true and reason(R) is the correct explanation of
assertion(A)

(b) Both assertion (A) and reason (R)are true and reason(R) is not the correct explanation of
assertion(A)

(c) Assertion (A) is true but reason (R) is false.
(d) Assertion (A) is false but reason (R) is true.
(e) Both Assertion (A) and reason (R) are false.

1. Assertion(A): f(x)=tan’x
Reason(R):x?> is continuous at x= . X=m/2

2. Assertion (A): f(x) = [sin x| is continuous for all x € R
Reason(R): sinx and| x| are continuous at on R.

3. Assertion(A): f(x) = |sin x| is continuous x=0.
Reason(R): |sin x| is differentiable at x=0.

4. Assertion(A):f(x)=[x]is not differentiable at x=2.
Reason(R): f(x)=[x] i snot continuous at x=2.



Assertion(A): A continuous function is always differentiable.
Reason(R):A differentiable function is always continuous.

Assertion(A):If y=logvtanx,then the value of
Reason(R):The value of logl is not defined.

KENDRIYA VIDYALAYA SANGATHAN, RAIPUR REGION (2022-23)
CLASS XII -MATHEMATICS

CAHPTER-6
Application of derivatives

RATE OF CHANGE OF DERIVATIVES

Rate of Change of Quantities: Let y = f(x) be a function of x. Then, dy/dx represents the rate of

change of y with respect to x.



If two variables x and y are varying with respect to another variable t, i.e. x = f(t) and y = g(t), then

dy _dy / dx
dx dt/ dt’
In other words, the rate of change of y with respect to x can be calculated using the rate of
change of y and that of x both with respect to t.
Note: dy/dx is positive, if y increases as x increases and it is negative, if y decreases as x increases,
dx
Marginal Cost: Marginal cost represents the instantaneous rate of change of the total cost at

any level of output.
If C(x) represents the cost function for x units produced, then marginal cost (MC) is given by

where {;—x #0 (by chain rule)
t

d
MC= E{C(ﬂ}

Marginal Revenue: Marginal revenue represents the rate of change of total revenue with respect
to the number of items sold at an instant.
If R(x) is the revenue function for x units sold, then marginal revenue (MR) is given by

MR =L {R(0)
dx

e INCREASING AND DECREASING FUCTION

Let | be an open interval contained in the domain of a real valued function f. Then, f is said to be

¢ Increasingonl,if xi<x2in 1= f(x1) < f(x2), Vx3, X2 € I.

e Strictly increasingon |, if x1 < x2in 1 = f(x1) < f(x2), V x1, x2 € I.
e Decreasingon |, if x1 < x2in 1 = f(x1) 2 f(x2), V x1, x2 € I.

e Strictly decreasing on |, if x1 < Xz in f(x1) > f(x2), V x1, X2 € I.

Let xo be a point in the domain of definition of a real-valued function f, then f is said to be
increasing, strictly increasing, decreasing or strictly decreasing at xo, if there exists an open
interval | containing x0 such that f is increasing, strictly increasing, decreasing or strictly
decreasing, respectively in I.

Note: If for a given interval | € R, function f increase for some values in | and decrease for other
values in I, then we say function is neither increasing nor decreasing.

Increasing and Decreasing Functicons

T Tl = O T sy O S inb2real L esn x) o= irecrecssing
o e i mnbereamll

2P T =) = O Tor esery X o soree inbaarsad B, thsan Mx ) e cecnasasing
o B i sl

J.IF el = O Toor sy 8 o Sormee inbsrasl B Thesn sl 03 oSl o
e ke rwal




/ X = ﬂ-'x L \ :.X

¥<o R P o
v e v
Y Y
Increasing function Strictly Increasing function Decreasing function
(i) (i) (iii)
Y Y

\'\ A

X'€ G .. >X X' < '/0 \\ /'/>X

Y’ W
. i . Y’
Strictly Decreasing function Neither Increasing nor Decreasing function
(iv) (v)

Note: If for a given interval | € R, function f increase for some values in | and decrease for other
values in I, then we say function is neither increasing nor decreasing.

Let xo be a point in the domain of definition of a real-valued function f, then f is said to be
increasing, strictly increasing, decreasing or strictly decreasing at xo, if there exists an open
interval | containing x0 such that f is increasing, strictly increasing, decreasing or strictly
decreasing, respectively in I.

Note: If for a given interval | € R, function f increase for some values in | and decrease for other
values in I, then we say function is neither increasing nor decreasing.

Crecreasing Iree: reaﬁ.in:g

—-




. Increasing — ™/, is +ve
i Decreasing — =0 is ve

nead o find SPs

C:"II-:s. =0

¢ MAXIMA AND MINIMA
Let f be continuous on [a, b] and differentiable on the open interval (a, b). Then,
Maximum and Minimum Value: Let f be a function defined on an interval I. Then,

o f is said to have a maximum value in |, if there exists a point c in | such that

f(c) > f(x), V x € I. The number f(c) is called the maximum value of f in | and the point ¢
is called a point of a maximum value of fin I.
(i) f is said to have a minimum value in |, if there exists a point c in | such that f(c) <
f(x), V x € I. The number f(c) is called the minimum value of f in | and the point cis
called a point of minimum value of fin I.
(iii) f is said to have an extreme value in |, if there exists a point c in | such that f(c) is
either a maximum value or a minimum value of f in I. The number f(c) is called an
extreme value off in | and the point c is called an extreme point.

¥ v

A s

Flx) =0 fiix) >0
1
1 .
0 l|||' C " 0 C =
{a) Local maximum (b) Local minimum
Local Maximum _Global Maximum
Y .-"/\'
-.. I:'I \I.I
. /\_\.\ / \ S
<\ |
\/
Global Minimum” Local Minimum

Local Maxima and Local Minima
(i) A function f(x) is said to have a local maximum value at point x = a, if there exists a
neighbourhood (a - 6, a + 8) of a such that f(x) < f(a), Vx € (a— 8, a + 8), x # a. Here, f(a) is called
the local maximum value of f(x) at the point x = a. (ii) A function f(x) is said to have a local




minimum value at point x = a, if there exists a neighbourhood (a - §, a + 8) of a such that f(x) >
f(a), Vx€(a-86,a+8),x#a. Here, f(a) is called the local minimum value of f(x) at x = a.

The points at which a function changes its nature from decreasing to increasing or vice-versa are
called turning points.

Note:

(i) Through the graphs, we can even find the maximum/minimum value of a function at a point at
which it is not even differentiable.

(ii) Every monotonic function assumes its maximum/minimum value at the endpoints of the
domain of definition of the function.

Every continuous function on a closed interval has a maximum and a minimum value.

Let f be a function defined on an open interval I. Suppose cel is any point. If f has local maxima or
local minima at x = ¢, then either f'(c) = 0 or f is not differentiable at c.

Critical Point: A point c in the domain of a function f at which either f'(c) = 0 or f is not
differentiable, is called a critical point of f.

First Derivative Test: Let f be a function defined on an open interval | and f be continuous of a
critical point cin I. Then,

e if f'(x) changes sign from positive to negative as x increases through c, then c is a point of
local maxima.

e if f'(x) changes sign from negative to positive as x increases through c, then c is a point of
local minima.

e if f'(x) does not change sign as x increases through c, then c is neither a point of local maxima
nor a point of local minima. Such a point is called a point of inflection.

Second Derivative Test: Let f(x) be a function defined on an interval  and c € I. Let f be twice
differentiable at c. Then,

(i) x = c is a point of local maxima, if f'(c) = 0 and f’(c) < 0. (ii) x = c is a point of local minima, if f'(c)
=0and f’(c) > 0.

(iii) the test fails, if f'(c) = 0 and f’(c) = 0.

Note

(i) If the test fails, then we go back to the first derivative test and find whether a is a point of local
maxima, local minima or a point of inflexion.

(ii) If we say that f is twice differentiable at o, then it means second order derivative exists at a.

Absolute Maximum Value: Let f(x) be a function defined in its domain say Z c R. Then, f(x) is
said to have the maximum value at a pointa € Z, if f(x) < f(a), Vx € Z.

Absolute Minimum Value: Let f(x) be a function defined in its domain say Z c R. Then, f(x) is
said to have the minimum value at a pointa € Z, if f(x) 2 f(a), VX € Z.




Note: Every continuous function defined in a closed interval has a maximum or a minimum value
which lies either at the end points or at the solution of f'(x) = 0 or at the point, where the function
is not differentiable.

Let f be a continuous function on an interval | = [a, b]. Then, f has the absolute maximum value
and/attains it at least once in I. Also, f has the absolute minimum value and attains it at least
once in

Quadratic Functions — MinsS Masx

A o T L ey
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Very Short Answer Questions - 2 Mark Questions

1.The total cost associated with the product of units of an item is given by . Find the marginal cost
when 3 units are produced, where the marginal cost we mean the instantaneous rate of change of
total cost at any level of output.

2.The volume of a cube is increasing at the rate of 9 cm3/s. How fast is its surface area is increasing
when the length of an edge is 10 cm.?

3.The volume of a sphere is increasing at the rate of 8 cm3/s. Find the rate at which its surface area
is increasing when the radius of the sphere is 12 cm.

4.Prove that the function is increasing on R.



5The length of a rectangle is decreasing at the rate of 5 cm minute and the width is increasing at
the rate of 4 cm minute , when =8 cm and =6 cm, find the rate of change of the (a) perimeter and
(b) the area of rectangle.

- 3 Mark Questions

6 The two equal sides of an isosceles triangle with fixed base b are decreasing at the rate of 3 cm/
sec. How fast is the area decreasing when the two equal sides are equal to the base?

7. Find the intervals in which the function f is

(a) strictly increasing (b) strictly decreasing.

8. Find the intervals in which the function f, given by f

Is (i) strictly increasing (ii) strictly decreasing.

9. Show that the function given by is always an strictly increasing function in .

10. Find the points of local maxima, local minima and the points of inflection of the function f. Also,
find the corresponding local maximum and local minimum values. Ans: local maxim at ; local minima
,Point of inflection

11. Find the intervals in which the function is

(a) strictly increasing (b) strictly decreasing.
SECTION C- 5 Mark Questions

12. A wire of length 28 cm is to be cut into two pieces. One of the two pieces is to be made into a
square and other into a circle .What should be the lengths of two pieces so that the combined area
of the circle and the square is minimum Ans:

13. A farmer wants to construct a circular garden and a square garden in his field. He wants to keep
the sum of their perimeters 600 m. Prove that the sum of their areas is the least, when the side of
the square garden is double the radius of the circular garden. Do you think that a good planning can
save energy, time and money? Ans:

14 An open tank with a square base and vertical sides is to be constructed from a metal sheet so as
to hold a given quantity of water. Show that the cost of material will be least when depth of the tank
is half of its width. If the cost is to be borne by nearby settled lower income families, for whom water
will be provided, what kind of value is hidden in this question ?

15. Find the points of local maxima, local minima and the points of inflection of the function f. Also,
find the corresponding local maximum and local minimum values.Ans: local maxim at ; local minima
,Point of inflection



1°6. Show that height of the cylinder of greatest volume which can be inscribed in a right circular
cone of height h and semi-vertical angle is one-third that of the cone and the greatest volume of the
cylinderis .

17. Show that the semi-vertical angle of a right circular cone of maximum volume and of given slant
height is .

18. An open box, with a square base is to be made out of a given quantity of metal sheet of area c2.
Show that the maximum volume of the box is

19. A magazine seller has 500 subscribers and collects annual subscription charges of Rs 300 per
subscriber. She proposes to increase the annual subscription charges and it is believed that for every
increase of Re 1, one subscriber will discontinue. What increase will bring maximum income to her ?
Make appropriate assumptions in order to apply derivatives to reach the solution. Write one
important role of magazines in our lives .Ans:

20. A window is in the form of a rectangle surmounted by a semi-circular opening. The total
perimeter of the window is 10 m. Find the dimensions of the window to admit maximum light
through the whole opening.Ans:

CASE STUDY PROBLEM-1

Following is the pictorial description for a page. The total area of the page is 150 cm?. The combined
width of the margin at the top and bottom is 3 cm and the side 2 cm.

FFr-imcirrmnes
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Using the information given above, answer the following :
(i) The relation between x and y is given by



ANS ( (x-2)(y-3) =150
(ii) The area of page where printing can be done, is given by
ANS: (x-3)(y-2)

(iii) The area of the printable region of the page, in terms of x, is

OR
For what value of ‘x’, the printable area of the page is maximum?

CASE STYDY PROBLEM-2
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Mr Shashi, who is an architect, designs a building for a small company. The design of window on the
ground floor is proposed to be different than other floors. The window is in the shape of a rectangle
which is surmounted by a semi-circular opening. This window is having a perimeter of 10 m as shown
below :

Based on the above information answer the following :

(i) If 2x and 2y represents the length and breadth of the rectangular portion of the windows, then
the relation between the variables is:

ANS- 4y=10-(2+m) x

(ii) The combined area (A) of the rectangular region and semi-circular region of the window
expressed as a function of x is:

ANS- A = 10x—(2+127) x>

(iii) The maximum value of area A, of the whole window is
ANS : 50/4+
OR

(IV) The owner of this small company is interested in maximizing the area of the whole window so
that maximum light input is possible.
For this to happen, the length of rectangular portion of the window should be
ANS: 20/4+

CASE STUDY PROBLEM-3

An architect designs a building for a multi-national company. The floor consists of a
rectangular region with semicircular ends having a perimeter of 200m as shown below:

/
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>
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Building

Design of Floor

Based on the above information answer the following:
(i) If x and y represents the length and breadth of the rectangular region, then the relation between the
variables is



(ii)The area of the rectangular region
expressed as a function of x is

(iii) The maximum value of area A is
OR

(iv) The CEO of the multi-national company is
interested in maximizing the area of the whole
floor including the semi-circular ends. For this
to happen the valve of x should be

CASE STUDY PROBLEM-4

4. A telephone company in a town has 500 subscribers on its list and collects fixed charges of 300
per subscriber per year. The company proposes to increase the annual subscription and it is
believed that for every increase of 1 one subscriber will discontinue the service.
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1. If x be the annual subscription then the total revenue of the company after increment will

be:
2. How much fee the company should increase to have maximum profit?
3. Find the maximum profit that the company can make if the profit function is given by P(x) =

41 + 24x — 18x2.

OR
4. Find both the maximum and minimum values respectively of 3x* — 8x3 + 48x + 1 on the
interval [1, 4].



Answer Key:
1. -x2+200x + 150000

2. Rs.100
3. 49

OR
4. 257,-63

TOPIC-APPLICATION OF DERIVATIVES

1. Assertion(A): Function f(x)==x3 -3x2 +3x+2 is always increasing.
Reason(R):Derivative f'(x) is a always negative.
A. Both A and R are true and R is the correct explanation of A
B. Both A and R are true but R is the correct explanation of A
C. Ais true but R is false

D. A is false but R is true
2. Assertion(A): p=£* is always strictly increasing function.
Reason (R): &y/dx = & > 0 for all real values of x.
A. Both A and R are true and R is the correct explanation of A
B. Both A and R are true but R is the correct explanation of A
C. Ais true but R is false
D. Ais false but R is true
3. Assertion(A): Function f(x) =.x+1/x is strictly increasing in the interval (-1,1)
Reason(R) : Derivative f’(x) <0 in the interval
A. Both A and R are true and R is the correct explanation of A
B. Both A and R are true but R is the correct explanation of A
C. Ais true but R is false
D. Ais false but R is true
4. .Assertion (A): x = 0 is the point of local maxima of the function f given by
[=34+413-1222 +12
Reason(R): /(=0 atx=0 and also f'(¥) <0 at x=0
A. Both A and R are true and R is the correct explanation of A

B. Both A and R are true but R is the correct explanation of A



C. Ais true but R is false
D. Ais false but R is true
5.. Assertion (A): Maximum value of the function f(x) =(2.r-1)2 + 3 is 3.

Reason(R): f(x)2 3 for all real values of x.

A. Both A and R are true and R is the correct explanation of A

B. Both A and R are true but R is the correct explanation of A

C. Ais true but R is false

D. Ais false but R is true

6. .Assertion f(x) = €* do not have maxima and minima

Reason ( R) : f’(x) =&* # 0 for all real values of x.

A. Both A and R are true and R is the correct explanation of A
B. Both A and R are true but R is the correct explanation of A
C. Ais true but Riis false

D. A is false but R is true

MCQ - APPLICATION OF DERIVATIVES

1. The side of an equilateral triangle is increasing at the rate of 2 cm/s. The rate at which area
increases when the side is 10 is

(A) 10 cm2/s (B) 10/3cm2/s (C)v3cm2/s (D) 10v3 cm2/s
Answer: (D) 10V3 cm2/s

2. If there is an error of 2% in measuring the length of a simple pendulum, then percentage
error in its period is

(A)1% (B) 2% (C) 3% (D)4%

Answer: (A) 1%

3. The absolute maximum value of y =x3-3x+2in0<x<2is

o0 oTo
o ~NO



Answer: (c) 4
4. The function f(x) = x + cos x is

Always increasing

Always decreasing

Increasing for a certain range of x
None of these

o0 oTo

Answer: (a) Always increasing
5, Let the f: R - R be defined by f(x) = 2x + cos x, then f

has a maximum, atx=0
has a minimum at x = 3t
is an increasing function
is a decreasing function

o0 oo

Answer: (c) is an increasing function

6. The point(s) on the curve y = x?, at which y-coordinate is changing six times as fast as x-
coordinate is/are

a. (6,2)
b. (2,4)
c. (3,9
d. (3,9),(9,3)

Answer: (c) (3, 9)

7.fy=x3+x2+x+1, theny

has a local minimum

has a local maximum

neither has a local minimum nor local maximum
None of the above

o0 oo

Answer: (c) neither has a local minimum nor local maximum

8. A ladder, 5 meter long, standing on a horizontal floor, leans against a vertical wall. If the top of
the ladder slides downwards at the rate of 10 cm/sec, then the rate at which the angle between
the floor and the ladder is decreasing when lower end of ladder is 2 metres from the wall is

(a) 1/10 radian/sec

(b) 1/20 radian/sec

(c) 20 radian/sec

(d) 10 radian/sec

Ans; (b) 1/20 radian/sec



9. If y = x*—10 and if x changes from 2 to 1.99 what is the change iny
(a) 0.32

(b) 0.032

(c) 5.68

(d) 5.968

Ans: (a) 0.32

10. The interval on which the function f (x) = 2x® + 9x? + 12x — 1 is decreasing is
(a) [-1, =]
(b) [-2,-1]
(c) [-e=, -2]
(d) [-1, 1].

Ans: (b) [-2, -1]

KENDRIYA VIDYALAYA SANGATHAN, RAIPUR REGION (2022-23)
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CHAPTER 7 :INTEGRALS

Basic Concepts:

1. Antiderivative (or Primitive) : A function @(x) is said to be antiderivative or primitive of
a function f(x) if @'(x) = f(x).
For example : sin x is one of the antiderivative or primitive of cos x, because

d
— (sinx) = cosx
dx

d
Tx (sinx + 1) = cosx

d
— (sinx + 2) = cosx
dx

d
Tx (sinx + 3) = cosx

d
—(sinx + C) = cosx
dx

We conclude that a function has infinitely many antiderivatives.
That is @(x) be an antiderivative of f(x), then @(x) + C is also antiderivative of f(x),
where Cis any constant.

2. Indefinite Integrals : If f(x) is a function then the family of all its antiderivatives is called
Indefinite Integral of f(x). It is represented by:

[ f(x)dx (read as indefinite integral of f(x) with respect to x)
Derivatives Integrals
- ("r - .1_1’1‘ ! -Il _m - r a0 n+l
- ]::‘ : lx”(f:-:: +C .= —1

dx | omm+1 ] J 1+ 1
Particularly. we note that

o

—(x)=1 -l-d:\'z:\'—l—C'
ax
o ) r : .
—(sin x ) =cos x l Ccos ¥ dv = sin x + C
dax -
e \ . .
—(—cos x ) =sin x I sin x dx = —cos x + C
o -
o > r
—(tan x ) =sec x | sec” & dx =tan x + C
ax -
< 2 r > .
—(— cot x) =cosec”x : | cosec™ x dy = — cot x + C
&l -
o r
e (sec x ) =sec x tan x - | sec x tanx dx =sec x + C
R -
o T
p (— cosec x) = cosec x cot x | cosec x cotx dxv = —cosec x + C
I -

Derivatives Integrals



i{&ll‘l 1 1): = J- o = sin x + C
dx * 1 — x~ 1 —x~
i{ cos_lx}z ! = J- ax =_—cos 'x+C
dx 1 — x~ 1—x7
—{tan_l 1}: ! = J- o =tan ~ x~+ C
X 1+ x- 1+ x°
d x x o ox x
d_(e')Zé’- : | e"dx=e" +C
v .
d 1 1
—(log|x|)=—- J-— dv=log|x|+C
dx X X
d a’ - a”
— =a” | ™ dx = +C
dx | log a | y log a
3. Methods of Integration:
(i) Integration by substitution
(ii) Integration by Partial Fractions.

(iii) Integration by Parts

Integration by substitution : The given integral [ f (x) dx can be transformed into another form by
Changing the independent variable x to t by substituting x = g (t).
Consider | = [ f (x) dx
Put x = g(t) so that
By differentiating find dx/dt and
We write dx = g (t) dt
This change of variable formula is one of the important tools available to us in the name of
integration by substitution. It is often important to guess what will be the useful
substitution. Usually, we make a substitution for a function whose derivative also occurs in
the integrand.
Integration by Partial Fractions :

A rational function is defined as the ratio of two polynomials in the form % , Where P(x)

and Q(x) are polynomials in x and Q(x) # 0. If the degree of P(x) is less than the degree of Q(x), then
the rational function is called proper, otherwise, it is called improper. The improper rational
functions can be reduced to the proper rational functions by long division process.



S.No. | Form of the rational function Form of the partial fraction
: A B
1. S R R
(x—a) (x—b) x—a x-b
A B
: px+g —
’ (x—a)? X—a (x-a)
5 )
x- +gx+ir A B C
- PX gx +7 N N
(x—a)y(x—>5b)(x—¢c) x—a x-—-b x-—c
4. px? rgx + i A o B o+ C
(Jr—(.r)2 (x —b) x—a (x—a) x—b
- px’ rgx+r A . Bx+C
(x —a) (x* +bx +c) x—a x2+bx+c
where 2 + bx + ¢ cannot be factorised further

In the above table. A. B and C are real numbers to be determined suitably.

Integration by Parts :

If u and v are any two differentiable functions of a single variable x. Then,
du
fu.vdx = ufvdx—f[&.fvdx] dx

“The integral of the product of two functions = (first function) x (integral of the second function) —
Integral of [(differential coefficient of the first function) x (integral of the second function)]”

(i) Tointegrate the product of two functions we choose the first function according to the
word ILATE where I stands for inverse function
L stands for logarithmic function
A stands for algebraic function
T stands for trigonometric function and
E stands for exponential function
(ii) If integrand has only one function then 1 is taken to be the second function.

4. Integrals of Some Particular Functions:

dx _l _1£ 1 _ . -

1L [ =-tan™'=+ C 4. f—rﬂz = log|x + VaZ + x%| +C
dx  _ 1 oq =2 1 —

2. fxz—a2_2a10g|x+a+c 5-fm—log|x+vx +a|+C
dx —i ﬂ 1 — wi—1X

3. faz_xz—Zalog a_x+C 6. fm—sm a+C

5. Integrals of the type:

(i)

_r ; 2
fax2+ — dx Apply completing square method for ax“ + bx + c and use
suitable formulae from above.

(ii) fﬁ dx Apply completing square method for ax? + bx + c and use
suitable formulae from above.

px+q px +q
(i) J e % and [ o dx

Write px+q=A4 (%{ax2 + bx + c}) +B
px+qg=A(2ax +b) + B
Find A and B by equating coefficients of like powers of x from both sides



We call

6.

Then express the given integrals as the sum of two integrals and apply
substitution method in first part and in the second part completing square
method for ax? + bx + ¢ and use suitable formulae from above.
Integrals of some more type:
(For the following integrals consider 1 as second function and evaluate)

() [VE-a?dr=iVaZ—a?—% loglx+ VaT—aZ |+ C
2

(i) [VxZ+ a?dx= Va2 +a?+= log|x+ VxZ+aZ|+ C

(i)  [vVa?— x?2dx = >+Va?— xz+a?2 Sin_1§+ C

Nvir R DI

Integrals of the type: [ e*[f(x) + f'(x)]dx=e*f(x) + C

Definite Integral

The definite integral has a unique value. A definite integral is denoted by f:f(x) dx

where a is called the lower limit of the integral and b is called the upper limit of the
integral. The definite integral is introduced either as the limit of a sum or if it has an anti
derivative F in the interval [g, b], then its value is the difference between the values of F
at the end points, i.e., F(b) — F(a).

e

7.8 Fundamental Theorem of Calculus 1 7 AL

7.8.1 Area function
-

We have defined | f(x)dx as the area of 7
v i

the region bounded by the curve v = f(x).
the ordinates x = ¢ and x = b and x-axis. Let x

be a given point in [a. £]. Then [ : flx)dx X% SX
a : 0

W
represents the area of the shaded region Y’ Fie 7.3

The area of this shaded region is a function of x. We denote this function of x by A(x).

the function A(x) as Area function and is given by

AX) = [ f(x) dx
A(x) =F (b) - F(a).

Properties of definite Integrals



b b
[ ro n'.\'zj- _f@)dr

=1

[ f(xX)dx=— [ : f(x)dx . In particular. [ : f(x)dx=0

o

|

pP,: J F(x)dx= J:f (x)dx+ Jj f(x)dx
| J f(x)dy= J : fla+b—x)dx
|

. f(x)dx= J-a fla—x)dx

(Note that P, is a particular case of P;)

Po: [ fdv=| fdx+ | f2a-x)dx

J ;ﬂ Fdx=2]"f(x)dx.if f(2a-x)= f(x) and
0iff(2a—x) =-f(x)

P.: (i) J _ﬂa F(x)dv=2 [Dﬂ f(x)dx.if fis an even function. i.e.. if /(—x) =f(x).

(11) j ’ F(x)dv=0.1if fis an odd function. i.e.. if /(—x) = — f(x).

Integration of trigonometric function

Working Rule (a) Express the given integrand as the algebraic sum of the functions of the following forms

(i) Sin ke, (ii) cos ke, (iii) tan ka, (iv) cot ke, (v) sec ka, (vi) cosec ka, (vii) sec? ke,
(viii) cosec? ka, (ix) sec ka tan ka (x) cosec ka cot ka

For this use the following formulae whichever applicable

(i) sin?x = l_c;s 2 (i) cos®> x = 1+C;S 2

(iii) sindx = 3sinx;sin 3x (iv) cos3x = 3 cos x:cos 3x

(v) tan’x =sec’x-1 (vi)cot’x = cosec’x—1

(Vii) 2sinxsiny =cos(x—y)—cos(x+y) (vii) 2 cos xcosy =cos (x+y)+cos(x—y)
(ix) 2sinxcosy =sin(x+y)+sin(x-y) (x) 2cosxsiny = sin(x+y)—sin(x-y)

SOLVED PROBLEMS

Evaluate the following integrals

2
TR NELLU Lo

Solution: put 1+logx=t % dx = dt

(1+log X )?
[F=Fdx = [ dt



I
|
+
a

ex
[—dx
V5—4eX—e2x

Solution: Pute* =t thene*dx =dt

dx =f
f\/5—4ex—e2x V5 — 4t — t2

- f\/—(t2+4t—5)

- J' dt
V= (24 4t+4-4-5)

=f\/—{(t+2)2—9}

dt
- f\/32—(t+2)2

e*+2
3

=sin‘1% +C=sin‘1( )+ C

3. [+tanx dx

i 2
Solution : Puttan x=t2then sec’xdx = 2tdt => dx = liﬁ

[VEanxdx =[t 2L = [ 22 4t

1+ t4 1+ t4

= flf = dt (by dividing nr and dr by t?)
+2

QIEHEp
z
141 1
= ft2+fi dt +ft2+i dt

1
1- =
=f1—t22dt+f1—t2dt

= fu2+2 f = (1St integral putt—— u then(l + t%) dt =du

d; 1_ _ 1 _
2"%integral put ¢+ S = then (1 tZ) dt = dv
_Lo1fw) 1

=gtan (%) +log [] +C

1 1
= L[t} L L V2
= ﬁtan <ﬁ> +2ﬁlog t+%+\/f

+C




_1. 4 (tz— 1) 1 |t2+ 1—ﬁt|
= ﬁtan Tt + 2\/Elo 2T i vzt +C
_ i -1 (tanx— 1) L tanx+ 1- v2tanx
- w/itan V2 tanx + 2V2 lOg tanx+ 1— v 2tanx +C
5x+3
4, —— dx
f V24 4x+ 10

Solution: 5x+3 =A(2x+4)+B => A=§ and B = -7

5
5x+3 5(2x+4)-7
f dx = dx
Vx2 + 4x + 10 VxZ + 4x + 10
(Zx+4-) 7
- f\/x2+4x+1 dx + f\/x2+4x+10 dx
5 (2x+4) 1

= - —/———— 7 —_—

fo/x2+4x+10 dx + f\/x2+ 4x+10 dx

5 dt 1
Efﬁ +7 f\/x2+ 4x+4-4+10 dx
xZ\/_+ 7 [—

m
=5VxZ+ 4x+10 +7log |x+2+ VxZ +4x+ 10|+ C

Case based questions:

Q 1. Ramesh is elder brother of Suresh. Ramesh wants to help his younger brother Suresh to solve
the following problems of integrals. Write the suitable substitution by which Ramesh can help him.

2 -1
(a)l=f% dx (b) 1= [ sec x.log (sec x + tan x)dx
_ e*(1+x) _ 1
(c). 1= f—smz(ex_x) dx (d) 1= f—x_\/; dx
[Ans: a. 2tan~1x =t b. secx+tanx=t c e*.x=t d JVx=

Q 2. A Mathematics teacher taught an important property of definite integral to the students of
class Xll:

[P f(odx= [ f(a+b—x)dx, f(x)isdefined on [a,b]

After that he has given some problems based on the above property to the students of his class.
Use the above property and answer the following questions:

N 3 dx . 4 V5-x
(i) f% 1+ cot x (ii) fl Vo—x + Vx dx (iii) fO 1+smx




KENDRIYA VIDYALAYA SANGATHAN, RAIPUR REGION (2022-23)
CLASS XII -MATHEMATICS

CHAPTER 8 : APPLICATION OF INTEGRALS

INTRODUCTION
Area under Simple Curves
(i)
Y
v =7(x) R
S //—\
x=a x=h
X< P dx Q X
YI

Area bounded by the curve y = f(x), the x-axis and between the ordinates at x = a and x = b is given by

Area=["ydx = [’ f(x)dx
(ii)

y=f(x)

X< %
v
Area bounded by the curve y = f(x), the y axis and between abscissas aty = cand y = d is given by
Area = fcdx dx = fcdg(y)dy
Where y=f(x)=>x=g9)

Note: If area lies below x-axis or to left side of y-axis, then it is negative and in such a case
we like its absolute value. (numerical value)



WORKING RULE

1. Draw the rough sketch of the given curve
2. Find whether the required area is included between two ordinate or two abscissa
3. (a) If the required area is included between two ordinates x =a and x=b then use
the formula f:y dx
(b) If the required area is included between two abscissa y = c and = d then use the
Formula fcd x dy

SOME IMPORTANT POINTS TO BE KEPT IN MIND FOR SKETCHING THE GRAPH

1. y? = 4ax is a parabola with vertex at origin,

symmetric to X axis and right of origin

2. y? = - 4ax is a parabola with vertex at origin,

symmetric to X axis and left of origin

3. x?% = 4ay is a parabola with vertex at origin, AN

symmetricto y axis and above origin

4 x?% = - 4ay is a parabola with vertex at origin,

symmetricto y axis and below origin

5. z—z + i—z =1is an ellipse symmetric to both axis, \
Cut x axis at (+a,0) and y axis at (0,+b)

6. x% + y% = r?is a circle symmetric to both the axes
With centre at origin and radius r

7. (x — h)?> + (y — k)? = r?isacircle with centre at (h,k) and radius r.

8. ax +by + ¢ = 0 representing a straight line

N



9. Graphof y = |x|

SOLVED PROBLEMS

1. Find the area bounded between the linesy =2x + 1,y =3x+ 1, x= 4 using integration
Solution:
Draw the rough sketch and shaded the area

Y

r

Area enclosed =f:(f (x) — g(x)dx
=[x +1-2x—1)dx
= f:x dx
= [ﬁ]‘l = 8 sq.units
2. Find the area enclosed by circle x* + y? = a?using integration.
y2

2
3. Find the area enclosed by the ellipse ;—5 + e using integration.

ONE MARK QUESTIONS

Multiple Choice Type Questions




Select the Correct Option.
Ql. If [ f(x)dx = g(x) + C then

() g =f(x) (B) (g} =Fx) (o) “L2=g(x) (d) none of these

1

eX+e™*

(a)tan~1(e*) + € (b)tan~1(e™*) +C (c)log(e* +e™*) + C (d)log(e* —e™*) + C

Q2. dx

Q3. fwj;xdx is equal to:

(a) 2cosvVx (b)

Cos x

(c) sinx  (d) 2sinvVx

X

Q4.  [Z+1 - sin2x dx is equal to:

(@) 2vZ  (b) 2(v2Z+1) ()2 (d) 2(W2-1)

[
0 Vx+Ja—x

dx =

Q5.

(a) a (b)g (c)2a (d) O

T

Q6. [*sin®x dxisequal to:
(@)1 (b); (o5 (d)o
[Answers: 1( b), 2(a), 3(d), 4(d), 5(b), 6(d)]

Answer the following questions: (3marks)

1. [sindxdx 2. [sin3xcos5xdx 3. [sin?xcos®x dx
dx dx : 2 2,x
[ — 4
4. |z 5. f e 6. [itan®x dx 7. [ x?e* dx

Evaluate the following integrals (3 Marks)

2

1. fsins?;fa) dx 2. fm dx 3. IJ%Z(P” dx

4. [e* (ii_nc‘;—:z) dx 5. [x®tan"lxdx 6. fwszxiﬁ

7. f(uxzz)ﬁ dx 9. ftan‘lJ% dx 10. f:% dx
1. [y 12. 3 %3 x| dx 13. [} \/;ﬁm dx

14.  [flog (1+tanx)dx

(5 marks problems)



1. Find the area of the region {(x,y): 0 <y <x’+ 1,0<y<x+1,0<x <2}
Solution

Sketch the region whose area is to be found out.

The point of intersection of y = x? +1 and y = x+1 are he points (0,1 ) and (1,2)
The required area = area of the region OPQRSTO
= area of the region OTQPO + area of the region TSRQT

= fol(x2 +1)dx + flz(x +1)dx

=[5 +a]g 5+ 213

2 sq.units
6
5. Find the area cut off from the parabola 4y = 3 x? by the line 2y = 3x + 12
Solution
Given 4y =3x?and 3x-2y+12=0

Solve both the equation we get the point of

Y
intersecction of both the curves !
(-2,3) and (4,12) (4=12)IB
Required area = area of AOBA (23\A
2 | :
= f_42[3x-2+12 - 3%] dx X'« L S M »X
= 27 sq.unts
Practice Questions v

1. Find the area of the region bounded by the parabola y? = 4ax, its axis and two ordinates x= 4 and
Xx=9

2. Find the area bounded by the parabola x? =y, y axis and the liney =1

3. Find the area bounded by the curve y = — x?, x axis and the ordinates x=1and x=3



4. Find the area of the region bounded by the curve y? = 4x and the line x =3
5. Find the area of the region { (x,y) : x> +y’< 4,x +y > 2}

6. Find the of the circle x? + y? = a2

2 2
7. Find the area of the ellipse Z_Z + 2’—2 =1

N

X

2
8. Find the area of the smaller region bounded by the ellipse 5 + yz = 1 and the straight line g +

Y1
2

9. Find the area enclosed by the curve x=3 cos t,y=2sint.
10. Find the area bounded by the lines x +2y =2, y—x=1and 2x+y=7
11. Find the area of the region bounded by the parabola y = x? and the line 3x — 2y +12 =0

12. Using integration, find the area of the triangle ABC with vertices A (-1,0), B (1,3 ) and C (3,2)

Additional Questions

Q 1. Three children Amit(A), Sumit(B) and Rohit(C) are playing in a park with toy telephones and
had tightly caught the wires joining telephones to form a triangle as shown in figure:

i}

8
5 B
4
2 c
A .
"8 -6 —4 -2 2 4 6 8B -

2

—a

=

- 8 . . .

Based on the above information answer the following
questions:
(i) Find the equation of line representing the wire AB.

(ii) Find the equation of line representing the wire BC.
(iii) Find the equation of line representing the wire AC.
(iv)  Also find the area of triangle ABC.

2. Two students A and B are drawn different figures, A is draw a circle of radius 4 cm and B is
drawn an ellipse whose semi major and minor axes are 8 cm and 6 cm respectively. Students A
clamming that the figure drawn by him covered larger area.

(i) Sketch both the diagrams

(ii) and using integration find which figure is enclosed larger area.

KENDRIYA VIDYALAYA SANGATHAN, RAIPUR REGION (2022-23)
CLASS XII -MATHEMATICS
CHAPTER 9 : DIFFERENTIAL EQUATIONS



Gist of the lesson :

Basic concepts: x2 —3x+3 =0 ...(1) sinx+cosx=0 ...2) x+2y=7....... 3) x+%+y=
0....(4)

2 3 2.83
% +y = 0----(5) (2733') + x? (%) = 0-----(6) Here are six equations.(1), (2), (3) are the equations
are respectively quadratic, trigonometric , and linear equations. Whereas (4),(5) and (6) are differential
equations. Actually, an equation involving derivative (derivatives) of the dependent variable with respect

to independent variable ( variables) is called Differential Equation.

IMPORTANT : Sometimes differential involves derivatives with respect to more than one independent
variables, such equations are called PARTIAL DIFFERENIAL EQUATIONS, else it is called ordinary
differential equation. Here, we are to learn only about ordinary differential equation.

Order and Degree of differential equation.: The highest order derivative of the dependent variable with
respect to independent variable involved in a differential equation is called its ORDER. The highest power
of derivative forming polynomial equation in derivatives is called its degree.. e.g The degree of the

differential equation. Z—i’ + sin (Z—z) = 0 is not defined. As it does not form polynomial equation in
2
derivatives like y', y",y'" etc.; The degree of (Z—z) + (Z—z) — sin?y = 0 is Two.

General and Particular Solutions of Differential Equation: For differential equation 32732' +y=0....
(1)

The function y = f(x) = asin(x + b) is its General Solution as when its derivative and the value of y
are substituted in L.H.S. of (1) R.H.S. are become equal to zero. While the function y, = fi(x) =
2 sin (x + %) is also the solution of the D. E. —(1) Here , the values arbitrary constant a and b are
respectively 2 and %-' y1 = fi(x) = 2sin (x +%) is called particular solution, while y = f(x) =

asin(x + b) is called General Solution. Note that the number of arbitrary constants in the general
solution of a differential equation of order n is n. The number of arbitrary constants in the
particular solution of a differential equation of any order is ZERO.

Methods of solving First Order, First Degree Differential Equations:

There are three methods, (i) Variable Separable (ii) Homogeneous differential equation (iii) Linear
differential equation.

(i) Variable Separable :

Y Flxy) (1) = f(x)dx = f(y)dy

dx
Integrating both sides we get [ f(x)dx = [ f(y)dy = F(x) =F(y) +C is the general solution of D.E.
—(1)

(i) Homogeneous differential equation:

To solve a homogeneous differential equation of the type % =F(x,y)=g9 (X) ---(1)

X

We make the substitution y = v.x ------ 2

Differentiating equation 2 w.r.t. x , we get Z—z =v+x % ------- 3)



Substituting the value of Z—f; fromeqgn (3) inegn (1) we get v + x Z—Z =g(v)

Or.x % =gw)—v --—--—-- (4) separating variables in eqn(4) we get
dv dx
oo x )
Integrating both sides of eqn(5), we get | 5 (j;’_v = | L P pe— (6)

Eqn (6) gives general solution of the differential equation (1) when we replace v by %
(iii) Linear differential equation

A differential equation of the form Z—z + Py = Q , where P and Q are constants or functions of x only, is
known as first order linear differential equation aIsoZ—i + Px = Q, where P and Q are constants or

functions of y only

To Solve. 3—1’ + Py = @ find Integrating factor (I.F.) =el/Pax

The general solution on—z +Py=Q isy.(I.F) = [ Q.(I.F)dx + C (proceed)
And To Solve .Z—f] + Px = Q find Integrating factor (I.F.) =e/Pdy

The general solution ofj—; +Px=Q isx.(I.F) = [ Q.(I.F) dy + C (proceed)

SECTION A (2 MARKS QUESTION)

1. Find the integrating factor of the following differential equation :
xlogx Z—z +y=2logx Ans: logx
2. 2. Find the sum of the degree and the order for the following differential equation :

d? a
(ﬁ) + 3\/% + (5 + x) = 0Ans: order 2, degree 3 Sum=5

3. Write the integrating factor of differential equation: (tan™ty — x)dy = (1 + y?)dx
Ans: etan™ 'y
. . . . . a?y\? dy\?
4. Find the product of the order and degree of the following differential equation:x (ﬁ) + (E) + y? =
0
5. Find the integrating factor of differential equation:(x2 + 1) Z—z + 2xy =Vx? +4
Ans:LF.= (x2 +1)
6. Solve the following differential equation:Z—z = x3 cosecy, given thaty (0) =0.

A =1 x!
Nns:cosy = 1
7. Write the integrating factor of the following differential equation: Ans: etan™'y

(1+y?dx — (tan"ly —x)dy =0
SECTION A (BMARKS QUESTION)



10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

y2

xy -x2

Find the general solution of the differential equation Z—i = Ans: xlogy—y=c

Find the general solution of the differential equation Z—f; —y =sinx

Ans:y = —%(sinx + cosx) + ce*
Find the particular solution of the differential equation :
Iog(j—z) = 3x + 4y ,given that y = 0 whenx = 0. Ans:4e3* +3e ™ -7 =10
Solve the differential equation a2 = y — x tan (X) Ans: xsinZ = c
dx x x

Find the general solution of the equation:3e* tany dx + (1 — e*)sec?y dy = 0
Ans: (e* —1)3 = Ctany

Solve the following differential equation :(tan™*x — y) dx = (1 + x?) dy
Ansiy = (tan"lx — 1) + c.e~tan '
Solve the differential equation:(1+x?) Z—z +y=e@'*  Ansiy = %e“‘”_lx + ce~tan”'x

Find the general solution of the differential equation:
ydx—(x+2y*)dy =0 Ans:x=§y2+§
Find the general solution of the differential equation Z—z —y =sinx
Ans:y = —%(sinx + cosx) + ce®
Solve:Z—z + ysecx = tanx (0 <x< g) Ans: y(secx + tanx) = secx + tanx —x +c¢

SECTION A (5 MARKS QUESTION)
Solve the following differential equation: [y — X cos (%)] dy + [y cos (%) — 2xsin (%)] dx =0
Ans: y? — 2x?cos (%) =C

Solve the following differential equation: (/1 + x2 + y2 + x2y2) dx + xy dy = 0. Ans:
J1+y2+V1+x% += log| ik i
V1+x2+1

Find a particular solution of differential equation (x — y)(dx + dy) = dx — dy, giventhat y = —1,
when x = 0 Ans: x+y=loglx—y|—1
y

Solve the deferential equatlon{x cos ( ) + y sin }ydx = {y smZ — X cos }xdy Ans: Xycos - = A

Solve the following differential equation, giventhat y = 0, when x = %: sin 2x Z—z —y=tanx  AnS:

y =tanx —+tanx

Find the particular solution of the differential equation: j—y = —% given that y = 1when x =
0 A . B 1 5 1 1 sinx
ns:y = _Ex (1+sinx)  (1+sinx)
Find the parti i i i fon- 2 i (Y dy . (¥) _
particular solution of the differential equation: xex — y sin (x) +x—=sin (x) =0,

given thaty = 0, whenx = 1

-y
Ans: [sinZ + cos Z] ex logx®+1
X X

Find the particular solution of the differential equatione* tany dx + (2 — e*)sec?y dy = 0, given that
y=%whenx=0. Ans:y =2 —e*



KENDRIYA VIDYALAYA SANGATHAN, RAIPUR REGION (2022-23)
CLASS XII -MATHEMATICS

CHAPTER 10 : VECTORS ALGEBRA

SUMMARY

1. Position vector of a point P(x, y, z) is given as W(?) = xi+yj+zlAc, and its magnitude

by x2 + y? + z2.



2. The scalar components of a vector are its direction ratios, and represent its projections along
the respective axes.

3. The magnitude(r), direction ratios (a, b, c) and direction cosines (I, m, n )of any vector are

a b c
relatedas: |=—-, m=—-n=-
T r r

4. The vector sum of the three sides of a triangle taken in order is0.

5. The vector sum of two co initial vectors is given by the diagonal of the parallelogram whose
adjacent sides are the given vectors.

6. The multiplication of a given vector by a scalar a, changes the magnitude of the given vector
by the multiple |a|, and keeps the direction same (or makes it opposite) according as the

value of a is positive (or negative).
a

H gives the unit vector in the direction of d.

7. For agiven vector d, the vector @ =

8. The position vector of a point R dividing a line segment joining the points P and Q whose

position vectors are d and b respectively, in the ratiom : n

. . . = mb+nd
(i) internally, is given by R = e
.. . - mb—nd
(ii) externally, is given by R = —

(iii) if R is the mid point of PQ, then R= b%a .

9. The scalar product of two given vectors d andb having angle 8 between them is defined as
d.b=|d||b|cos .
Also, when a. bis given, the angle ‘9’ between the vectors d and Fmay be determined by
ab
lalibl”

10. The vector product is given as d X b= la| |l_5| sin 6 71, where 71 is a unit vector perpendicular

cosf =

to the plane containing a’and b such that d, B,ﬁ form right handed system of co-ordinate
axes.
11. If we have two vectors d and I;, given in component form as
(_i = a1i+ b1j+ Clié and B = azi+ sz + Czl}
and A any scalar, then
(_i + B = (al + az)i + (b1 + bz)j + (Cl + Cz)k\
Ad = Aa,i +AbyJ + ey k

@.b=a,a, + byb,y + ¢,

N
and @ Xb=|a;, b ¢
az by ¢

MULTIPLE CHOICE QUESTIONS
Select the correct alternative:
1.The vector in the direction of the vector i — 2j + 2k that has magnitude 9 is

(a) i —2f + 2k (b) L2k

(c) 3(i — 2j + 2k) (d)9( — 2] + 2k)




2.The angle between two vectorsa’ and b with magnitude V3 and 4, respectively and @ b

=2v/3is

T T T 51
(a) (b) (c)5 (d) =
3.If |@ |=10, |@ |=2 and @. b=12, then the value of |@ X blis
(a) 5 (b) 10 (c) 14 (d) 16
Answer
1.b2.a 3.d

Practice problems

Very Short Answer Questions( 2 Marks)

1) Find the projectionof i-joni.jJ.

2) If|d| =2,

b|=v3and d.b=+/3.Find the angle between d and b .

3) Find the value of A when the projection of d = Ai . j + 4k on b=2i+ 67 + 3k is 4 units.

.

Short answer type questions (3 Marks)

Find the angle between the vectors i -2j + 3k and 3 - 2] + k .

Find |@ — b| if |d@] =2,|b| =3 and @ .b = 4.

If disaunitvectorand (X-d).(X+a)=15.Find |X].

If  and b are two vectors such that |Ei + B| =|d| then prove that the vector 2a + bis

perpendicular to b.

If vectors @ =21+ 2j + 3k, b =1+ J + k and & =31 are such that & + A b is perpendicular
to €. Find the value of A.

If A and B be two points with position vectors 21 — j + 2k and 1 + 2] respectively. Find the
position vector of the point which divides AB in 1 : 2 internally.

Long answer type questions (5 Marks)

1
2
3.
4

Find the value of p so that d = 21 + pj + k andb= i-27+ 3k are perpendicular to each other.
Find |d| if |d|=2|b|and (@ +b ). (G- b) = 12.

If |d + b| = 60, |@ — b| = 40 and |b| = 46. Find |d] .

If d = (31 + 2f — 3k) and b = (4t + 77 — 3k). Find vector projection of @in the direction

of b.

The two adjacent sides of a parallelogram are (Zf - 4j + 512) &(f -2]- 3|2) Find the unit

vectors parallel to its diagonals. Also find its area.
If (f + j+ k), (2f+5i—3k), (3f+ Zj—Zk) & (f—ﬁj —K) are the position vectors of points A,
B, C & D respectively, then find the angle between AB & CD. Deduce that AB & CD are

parallel.
The scalar product of the vectord =1 + J + k with a unit vector along the sum of the vectors

b=20+ 47 — 5k and & = pi + 2j + 3k is equal to one .Find the value of u and hence find

the unit vector along b+¢
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Summary

1. Distance formula: Distance between two points A(xy, V4, 2z;) and B (x5, Y2, Z,) is

AB=/(x; —x1)2 + (¥, —¥1)? + (2, — 21)?
2. Section formula: Coordinates of a point P, which divides the line segment joining two

given points A(xy,v;,2;) and B(x,, V,,2,) intheratiom : n
mx;+nx; my,+ny; mzz+nzl)
’

(i) internally, are P ( , ,

m+n m+n m+n
(ii) the coordinates of a point Q divides the line segment joining two given points in the

H mx,—nxq, my,—n mz-—-nz
ratiom : n; externallyareQ( ni L Y2—Ny1 mz; 1)

-n m-n ' m-n
. . . . X2t+Xx + Zr+z
(i)  the coordinates of mid-point are R( = 1,y22yl, = 1)

3. Direction cosines of a line :

(i) The direction of a line OP is determined by the angles a, 8, y which makes with OX,
0Y,0Z respectively. These angles are called the direction angles and their cosines are
called the direction cosines.

(ii) Direction cosines of a line are denoted by |, m, n; I =cosa, m=cosf,n = cosy

(iii) Sum of the squares of direction cosines of a line is always 1.

I2+m2+n?2=1  i.e cos’a+ cos’f +cos?y =1
4. Direction ratio of a line :
(i) Numbers proportional to the direction cosines of a line

are called direction ratios of a line. If a, b, and c are, direction ratios of a line, then
l m n

a b c’

(ii) If a, b, c are, direction ratios of a line, then the direction cosines are
a + b c

—VaZ+b2+c2’ —VaZ+b2+c?’ —VaZ+b2+c2

(iii) Direction ratio of a line AB passing through the points A(x1, y1, z1) and
B (x2, y2, 22) are x; — X1, Yo — Y1, 22 — 73
5. STRAIGHT LINE:

(i) Vector equation of a Line passing through a point @ and along the direction
B, cr=a+ ,uB,
(ii) Cartesian equation of a Line:x;x1 = y;yl = Z_Czl. Where (x1, y1, z1) is the

given point and its direction ratios are a, b, c.
6. (i) Vector equation of a Line passing through two points, with position vectors d and b
F=d+ub-ad)
—X1 Y—V1 Z—2Z

ii) Cartesian equation of a Line: = = = _two points are (x,y1) and (x2,y2).
(ii) q e p (x1,y1) (x2,y2)

7. ANGLE between two lines (i) Vector equations: 7= a; + Ab; and 7= @, + ub,,

. . . . X=X
(ii) Cartesian equations: If lines are = = = =
a; by c1 az b, C2



b1. b2
1.2

(iii) If two lines are perpendicular, then I;l_. Bz =0,i.e.a;a; +bib, + c1c; =0

cosO =

(iv) If two lines are parallel, then 51 =t Bz, where tis a scalar. OR 131 X Ez =0, OR % =
2

bi_a

b, B C2

(v) If 8 is the angle between two lines with direction cosines, |1, m1, n1 and |, mz, nz then
. . l m n
(@) cos 8 = l1lo+ mima+ niny (b) if the lines are parallel, then X = m—1 = n—1
2 2 2

(c) If the lines are perpendicular, then lil;+ mim2+ nin2=0

8 Shortest distance between two skew- lines:

(i) Vector equations: 7= a; + Ab;, and : 7= a; + ub,,
sp = |(@2-a)(b1x02)
|pTxb2|

If shortest distance is zero, then lines intersect and line intersects in space if they are
coplanar. Hence if above lines are coplanar
if (a2 — a1). (b1 x bZ) = 0

y-y1l z—-z1 x—x2 y—y2 z—2z2

. . . x—x1
(ii) Cartesian equations: = = , = =
al b1 cl a2 b2 c2

X2—=X1 Y2—YV1 22721
a; by c1
SD = az by C2
J(b1cz2—bzc1)2+ (c1az— c2a1)2+(aby—azbq)?

If shortest distance is zero, then lines intersect and line intersects in space if they are

coplanar. Hence if above lines are coplanar

Xo—=X1 Y2—=YV1 Z2— 23
a1 b1 C1 = O
a, b, (&)

9.Shortest distance between two parallel lines:

If two lines are parallel, then they are coplanar. Let the lines be: 7 = a; + /15, and:

bx(az-al)

7=a, + ub, SD = 7]

FLOW CHART

(a) To find shortest distance between two skew lines



1 Find d,, dy, by & b,
2 F|nd C_l)z - C_il
3 Find b, X b,
4 Find |by x by
5 (b1 X by). (@, — ay)

. _ (51X52)-(52—51)
6 Distance = —|51><5z|

1
I -

3 2
—— :
a4 s
N ). A\ s

. 6 -~

MULTIPLE TYPE QUESTIONS

Choose the correct alternative.

1. Distance of the point (a,b,c) from y axis is

(a)b (b) |b] (c) Ibl+[c]  (d) Va*+ b?
2. If the direction cosine of a line are k,k,k, then

(a)k>0  (b) O<k<1 () k=1 (d) k = iS,k

L
V3

QUESTIONS ON 3-D.

Very short answer type questions(2 Marks)

. L 4 +3 +2 . o . .
1. The equation of a line is given byTx = yT = ZT. Write the direction cosines of a line parallel

to given line.

2. Find the shortest distance between the following pair of lines :

x—1 y—-2 z-3 x—-2 y—-4 z-5
2 3 4’ 3 4 5

Short type questions (3 -Marks)



1-x

1. Find the values of p so that the lines: — = y-14_z3 77X _¥5

6—2z .
and =— = —are at right
2p 2 3p 1 5

angles.
2. Find the shortest distance between the linesx + 1 =2y = —-12zand x =y +2=6z2—6
4. Find the shortest distance between the following pair of lines :

x—1 y+1
= =7

2 3 ’ 5 1

Long answer type questions(5 Marks )

x+1 -2
=y ;2 =2

1. Find a unit vector perpendicular to the plane of the triangle ABC, where the coordinates of its
verticesare A (3,—1,2),B(1,—1,—3) and C (4,-3,1).
2. Find the image of the point (1, 6, 3) in the Iine% =21 23;2

3 Find the shortest distance between the lines whose vector equations are:

P=1-0i+t-2)+B-20kand?=(s+1Di+ 2s—1)j— 2s+ Dk

COMPETENCY BASED QUESTIONS

1.A building of a multinational company is to be constructed in the form of a triangle pyramid, ABCD as
shown in the figure. A Shanghai building is in the form of a triangular pyramid with floor ABD and vertex C

Let its angular points are A(3,0,1), B(-1,4,1), C(5,2,3) and D (0,-5,4) and G be the point of intersection of the
medians of ABCD.

Based on the above data, answer the following

(i)Find the coordinate of the point G.

(ii) What is the length of the vector AG



(iii)Find the area of triangle ABC (in sq.units)

OR

(ill) Find the sum of the length ofﬁ and AC is

Answers of Competency based question:

1.G3.3) (ii)? (iii) ) 4V6 OR (iii) 8.7 units
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LINEAR PROGRAMMING PROBLEM(LPP)

A linear programming problem deals with the optimization (maximization/ minimization) of a
linear function of two variables (say x and y) which is known as objective function subject to :

i) The variables x and y are non-negative
ii) The variables x and y satisfy a set of linear inequalities which are called linear
constraints.

OBJECTIVE FUNCTION

A linear function z = ax + by where a and b are constants which has to be maximized or
minimized is called a linear objective function.

DECISION VARIABLES
In the objective function z = ax + by, x and y are called decision variables.
CONSTRAINTS

The linear inequalities or restrictions on the variables of an LPP are called constraints. The
conditions x = 0,y = 0 are called non-negative constraints.

FEASIBLE REGION

The common region determined by all the constraints including non-negative constraints x = 0,y
= 0 of an LPP is called the feasible region for the problem.

FEASIBLE SOLUTIONS

Points within and on the boundary of the feasible region for an LPP represent feasible solutions.
INFEASIBLE SOLUTIONS

Any point outside feasible region is called infeasible solutions.
OPTIMAL(FEASIBLE) SOLUTION

Any point in the feasible region that gives the optimal value (maximum or minimum) of the
objective function is called an optimal solution.

THEOREM-1



Let R be the feasible region (convex polygon) for an LPP and Z=ax + by be the objective function.
When Z has an optimal value (maximum or minimum) where x and y are subject to constraints
described by linear inequalities, this optimal value must occur at a corner point(vertex) of the
feasible region.

THEOREM-2

Let R be the feasible region for a LPP and Z = ax + by be the objective function. If R is bounded,
then the objective function Z has both a maximum and a minimum value on R and each of these
occur at a corner point of R.

If the feasible region R is unbounded, then a maximum or a minimum value of the objective
function may or may not exist. If it exists, it must occur at a corner point of R.

CORNER POINT METHOD FOR SOLVING A LPP
The method comprises of the following steps:

1) Find the feasible region of the LPP and determine its corner points(vertices) either by
inspection or by solving the two equations of the lines intersecting at the point.

2) Evaluate the objective function Z = ax + by at each corner point.
Let M and m respectively denote the largest and the smallest values of Z.

3).i) When the feasible region is bounded , M and m are respectively the maximum and minimum
values of Z.

ii) In case the feasible region is unbounded

a) M is maximum value of Z, if the open half plane determined by ax+by > M has no point in
common with the feasible region. Otherwise Z has no maximum value.

b) Similarly , mis minimum value of Z, if the open half plane determined by ax+by < m has no
common point with the feasible region. Otherwise Z has no minimum value.

MULTIPLE OPTIMAL POINTS

If two corner points of the feasible region are optimal solutions of the same type i.e. both
produce the same maximum or minimum , then any point on the line segment joining these two
points is also an optimal solution of the same type.

5 MARKS QUESTIONS

1.Solve the following linear programming problem graphically:

Maximise Z = 3x+4y



Subject to the constraints
x+y < 4
x=>0,y=0
Ans:Maximum value of Z is 16 at the point (0,4)
2. Solve the following linear programming problem graphically:
Maximise Z = 4x+y
Subject to the constraints
x+y < 50
3x+y < 90
x=0,y=>0
Ans:Maximum value of Z is 120 at the point (30,0)
3.Maximize: Z = x+2y
Subject to the constraints
x+2y = 100
2xy<0

2x+y < 200
x=>0,y=0

Solve the above LPP graphically.

Ans: Maximum value of Z is 400 at the point (0,200)

4.The corner points of the feasible region determined by the system of linear constraints are as
shown below:



B(4,10)

D(6,5)

: < . = = > X
0o 1 2 3 B 5 6 7
Answer each of the following:
i) Let Z = 3x-4y be the objective function. Find the maximum and minimum value of Z and

also the corresponding points at which the maximum and minimum value occurs.

i) Let Z = px+qy, where p,q >0 be the objective function. Find the condition on p and g so
that the maximum value of occurs at B(4,10) and C(6,8).Also mention the number of
optimal solutions in this case.

Ans: i) Maximum Z = 12 at (4,0) and Minimum Z=-32 at (0,8) ii) Number of optimal solutions
are infinite

5. Solve the following linear programming problem graphically:
Maximise Z = 3x+9y
Subject to the constraints
x+3y < 60
x+y = 10
X<y
x>0,y=>0

Ans: Maximum value of Z occurs at two corner points (15,15) and (0,20) and maximum value is 180
in each case.

1 MARK QUESTIONS

1.The solution of set of inequality 3x+5y <4 is
a) an open half-plane not containing the origin
b) an open half-plane containing the origin
c) the whole xy-plane not containing the line 3x+5y=4

d) a closed half plane containing the origin



2.The corner point of the shaded unbounded feasible region of an LPP are (0,4),(0.6,1.6) and (3,0) as
shown in the figure.The minimum value of the objective function Z= 4x+6y occurs at

a) (0.6,1.6) only b) (3,0) only

c)(0.6,1.6) and (3,0) only  d) at every point of the line segment joining the  points (0.6,1.6)
and (3,0)

3. Based on the given shaded region as the feasible region in the graph, at which point(s) is the
objective function Z = 3x+9y maximum ?

x+3y=60

x+y=10

a) PointB b) point C ¢) Point D d) every point on the line segment CD
4. A linear programming problem is as follows:
Minimise Z = 30x+ 50y
Subject to constraints,

3x+5y = 15
2x+3y = 18
x= 0,y =0
In the feasible region, the minimum value of Z occurs at
a) Aunique point ¢) no point
b) Infinitely many points d) two points only

5. For an objective function Z = ax+by ,where a,b >0 ; the corner points of the feasible region
determined by a set of constraints(linear inequalities) are (0,20),(10,10),(30,30) and (0,40).
The condition on a and b such that the maximum Z occurs at both the points (30,30) and
(0,40) is:

a) b-3a=0 c) a=3b



b) a+2b =0 d) 2a-b =0
. Inalinear programming problem , the constraints on the decision variables x and y are x-3y
>0,y >0, 0<x <3.The feasible region
a) lIs notin the fiest quadrant
b) Is bounded in the first quadrant
c) Isunbounded in the first quadrant
d) Does not exist.
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Random Experiment:
An experiment whose outcomes can't be predicted is called a random experiment.
Trial:
Performing an event is known as trial.
Event:
The possible outcomes of a trial are called events.
Equally likely Events:

The events are said to be equally likely if there is no reason to expect any one in preference
to any other.

Exhaustive Events:
The events E1, E2 ,Es3,............ ,En of a sample space S are called Exhaustive events if
E1UE;UEsU............ UE, =S

Mutually Exclusive Events:

Two or more events are said to be mutually exclusive if they cannot happen simultaneously
in a trial.

Favourable Events:

The cases which ensure the occurrence of the events are called favourable events.
Sample Space(S):

The set of all possible outcomes of an experiment is called sample space.
Probability of occurrences of an event:

Probability of occurrences of an event A, denoted by P (A), is defined as:

P(A)= Number of outcomes in favour of A _ n(4)

Total number of possible outcomes n(s)

THEOREMS:

(i) In a random experiment, if S be the sample space and A an event, then:
(@)0<P(A) 1 (b) P(@) =0 (c)P(S)=1

(ii) If A and B are mutually exclusive events, then
(a) P(ANB) =0 (b) P(A) +P(B) =1 (c) P(AUB) = P(A) + P(B)

(iii) For any two events A and B P(AUB) = P(A) + P(B) - P(ANB)



(iv) For each event A, P( not A )=1 - P(A), where ‘not A’ is the complementary event of A.

MORE DEFINITIONS
Compound Event:

The simultaneous happening of two or more events is called a compound event if they occur
in connection with each other.

Conditional Probability:
Let A and B be two events associated with the same sample space S, then Probability of
occurrences of event A given that B occurs is

P(ANB)

P(A/B) = POB)

, P(B) #0

Independent Events:

Two events are said to be independent if the occurrence of one does not depend upon the
occurrence of the other.

P(ANB) =P(A) . P(B) when A and B are independent events.
MULTIPLICATION THEOREM:
Let A and B be two events associated with the same sample space. Then
P(ANB) =P(B).P(A/B), where P(B) #0
THEOREM ON TOTAL PROBABILITY:

If E1, E2,E3 ... ,Enare mutually exclusive and exhaustive events(partition) of sample
space S and A is any event associated with S, then

P(A) = P(E1).P(A| E1) + P(E2).P(A| E2) + P(E3).P(A] E3) +......... P(En).P(A| En)
BAYES' THEOREM:

IfE1, E2,E3 e ,Enare mutually exclusive and exhaustive events(partition) of sample
space S and A is any event associated with S, then

P(E{)P(A/E;)
P(E1)P(A/E1)+P(E2)P(A/E2)+P(E3)P(A/E3)+-..+ P(En)P(A/Ep)

P(E;/A) =

RANDOM VARIABLE
A random variable is a real valued function defined over the sample space of an experiment
Consider two coins, which are tossed simultaneously
Here the sample space is given by: S = {HH, HT, TH, TT}.

If X denotes the number of heads, then



X (HH)=2, X (HT) =1, X (TH) = 1, X(TT)=0

Thus, X takes the values 0, 1,2

PROBABILITY DISTRIBUTION OF A RANDOM VARIABLE:

Let X be the random variable. Then the table of Probability Distribution of X is as:

X X1 b S R T I Xn
P(X) D1 Do | v | v, Dn
The values x1, X5, «oovevrenne. ,Xn, together with their corresponding probabilities py, pa,..cceevv.. ,
pn form a probability distribution of the random variable X.
MEAN OF A RANDOM VARIABLE:
Let X be a random variable whose possible values x4, X5, ............. ,Xpoccur with probabilities

D1y D2yereerereenen , P, respectively. Then mean of X (denoted by p) is given by

n=E(X) = X, xip;

QUESTIONS
Case Study

1. A shopkeeper sells three types of flower seeds A1, A;, As. They are sold in the form of mixture,
where the proportions of the seeds are 4:4:2 respectively. The germination rates of the three
types of seeds are 45%, 60% and 35% respectively.

Based on the above information, answer the following:

(i) Calculate the probability that a randomly chosen seed will germinate

(i) Calculate the probability that the seed is of type A;, given that a randomly chosen seed
germinates.



2. A coach is training 3 players. He observes that the player A can hit a target 4 times in 5 shots,
player B can hit 3 times in 4 shots and the player C can hit 2 times in 3 shots.
Based on the above information, answer the following:

(i) The probability that A, B and C all will hit is:
(ii) Referring to above, what is the probability that B, C will hit and A will lose?
(iii) With reference to the events mentioned above what is the probability that 'any two of A, B
and C, will hit' ?
(iv) What is the probability that 'none of them will hit the target' ?
(v) What is the probability that at least one of A, B or C will hit the target?
3. The reliability of a COVID PCR test is specified as follows:

Of people having COVID, 90% of the test detects the disease by 10% goes undetected. Of people
free of COVID, 99% of the test is judged COVID negative but 1% are diagnosed as showing COVID
positive. From a large population of which only 0.1% have COVID, one person is selected at
random, given the COVID PCR test and the pathologist reports him/ her as COVID positive.
Based on the above information, answer the following:

(i) What is the probability of the 'person to be tested as COVID positive' given that 'he is actually
having COVID' ?

(ii) What is the probability of the 'person to be tested as COVID positive' given that 'he is actually
not having COVID' ?

(iii) What is the probability that the 'person is actually not having COVID' ?

(iv) What is the probability that the 'person is actually having COVID' given that 'he is tested as
COVID positive' ?

(v) What is the probability that the 'person selected will be diagnosed as COVID positive'?

ASSERTION-REASON TYPE QUESTIONS



10.

11.

12.

13.

14.

15.

16.

17.

Each of the following questions contains two statements: Assertion (A) and Reason (R). Each of
the questions has four alternative choices, only one of which is the correct statement.

(a) Both 'A"and 'R' are true and 'R' is the correct explanation of 'A'.

(b) Both 'A"and 'R' are true but 'R" is not the correct explanation of 'A’.

(c) 'A"is true but 'R' is false.

(d) 'A"is false but 'R" is true.

Assertion (A): Probability that leap year, selected at random, containing 53 Sundays is %

Reason (R): Leap year contains 366 days.

Assertion (A): If A and B are two independent events and P(A) = 1/2, P(B) = 1/5 then P(A/B) =
1/2

Reason (R): P(A/B) = P(A).

Assertion (A): Ais any event and P(B) = 1, then A and B are independent.

Reason (R): If P(ANB) = P(A). P(B) then A and B are independent.

Assertion (A): If P(A/B) = P(A). then P(B/A) = P(B).

Reason (R): P(A/B)= %

Assertion (A): If A and B be two events in a sample space such that P(A) =0.3, P(B) = 0.3 then
P(A N B) can't be found.
Reason (R): P(A N B)=P(A) - P(ANB)

Multiple Choice Questions

Let A and B be two events. If P(A) = 0.2, P(B) =0.4, P (AUB) = 0.6, then P(A / B) is equal to :

(a)0.8 (b) 0.5 (c)0.3 (d) 0.
Let A and B be two events such that P(A) = 0.6 P(B) =0.2 and P(A / B) = 0.5 Then P(A'/B') equals:
(a) 1/10 (b) 3/10 (c) 3/8 (d)6/7
Let 'X' be a random variable. The probability distribution of X is given below:
X 30 10 -10
P(X) 1/5 3/10 1/2
Then E(X) is equal to:
(a)6 (b) 4 (c)3 (d) (-5).
If A and B are two independent events with P(A) = 1/3 and P(B) = 1/4 then P (B'/A) is equal to
(a)1/4 (b) 1/3 (c)3/4 (d)1

From the set {1, 2, 3, 4, 5), two numbers a and b (a#b) are chosen at random. The prob ability
that a/b is an integer is:

(a)1/3 (b) 1/4 (c)1/2 (d) 3/5

A bag contains 3 white, 4 black and 2 red balls. If 2 balls are chosen at random (without re
placement), then the probability that both the balls are white is:

(a)1/18 (b) 1/36 (c) 1/12 (d) 1/24
Three dice are thrown simultaneously. The probability of obtaining a total score of 5 is:
(a) 5/216 (b) 1/6 (c)1/36 (d) 1/49

A problem is given to three students, whose chances of solving are 1/3, 2/7 and 3/8 The
probability that all of them solved the problem is:

(a) 28/54 (b) 59/84 (c) 62/83 (d) 1/28

If A and B are two events such that P(A) = 0.2, P(B)=0.4 and P(AUB)=0.5, then value of P (A/B) is:



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

(a)0.1 (b) 0.25 (c)0.5 (d) 0.08
If E and F are independent events, P(E) = 1/2 and P(F) = 1/3 and then P (ENF) is:

(a@)1/2 (b) 1/3 (c)o (d) 1/6

The probability of obtaining an even prime number on each die, when a pair of dice is rolled is:
(@)o (b) 1/3 (c)1/12 (d) 1/36

If P(A) = 0.8, P(B) = 0.5 and P(B/A) = 0.4, then P(ANB) is:

(@) 0.15 (b) 0.23 (c)0.32 (d) 0.51

SHORT ANSWER QUESTIONS (2 marks each)
A random variable X has the following distribution table:

X 0 1 2 3 4 5 6 7

P(X) |O k 2k 2k 3k k? 2k? | 7k*+k
Determine (i) k (i) P(X < 3)

A family has two children. What is the probability that both the children are boys given that at

least one of them is a boy?

If A and B are two independent events such that P (K N B) = % and P(A N §) = % , then find
P(A) and P(B).

A bag contains four balls. Two balls are drawn from the bag and found to be white. Find the
probability that all balls are white.

SHORT ANSWER QUESTIONS (3 marks each)

A speaks truth in 70% of the cases and B speaks truth in 80 % of the cases .In what percentage of
the cases: (i) they contradict each other in stating the same fact? (ii)they agree each other in
stating the same fact?

Two numbers are selected at random (without replacement) from the first five positive integers.
Let X denote the larger of the two numbers obtained. Find the mean of X ..

A man is known to speak truth 3 out of 5 times. He throws a die and reports that it is 4. Find the
probability that it is actually a 4.

A die is thrown three times. Events A and B are defined as below:

A: 5 on the first and 6 on the second throw. B: 3 or 4 on the third throw. Find the probability of
B, given that A has already occurred.

A and B throw a die alternatively till one of them gets a number greater than four and wins the
game. If A starts the game, what is the probability of B winning?

A black and a red die are rolled together. Find the conditional probability of obtaining the sum 8,
given that the red die resulted in a number less than 4.

LONG ANSWER QUESTIONS (5 marks each)

Assume that the chances of a patient having a heart attack is 40 % . It is also assumed that a
meditation and yoga course reduces the risk of heart attack by 30% and the prescription of a



32.

33.

34.

35.

36.

certain drug reduces its chance by 25 % . At a time a patient can choose any one of the two options
with equal probabilities. It is given that after going through one of the two options the patient
selected at random suffers a heart attack. Find the probabilities that the patient followed a course
of meditation and yoga.

A Bag | contains 5 red and 4 white balls and a Bag Il contains 3 red and 3 white balls. Two balls are
transferred from the Bag | to the Bag Il and then one ball is drawn from the Bag Il. If the ball drawn
from the Bag Il is red, then find the probability that one red and one white ball are transferred
from the Bag | to the Bag Il.

Out of group of 9 highly qualified doctors in a hospital, 6 are very kind and cooperative with their
patients and so are very popular, while other three remain reserved. For a health camp, three
doctors are selected at random. Find the mean variance and standard deviation of the number of
very popular doctors.

Aninsurance company insured 3000 scooterists, 4000 car drivers and 5000 motorbike drivers. The
probabilities of an accident are 0.01, 0.03 and 0.15 respectively. One of the insured persons meets
with accident. What is the probability that he is car driver?

In a test, an examinee either guesses or copies or knows the answer to a multiple choice question

with four choices. The probability that he makes a guess is % and the probability that he copies

the answer is %. The probability that his answer is correct, given that he copied it, is% .Find the

probability that he knew the answer to the question, given that he correctly answered.

There are three coins. One is atwo —headed coin ( having head on both faces), another is a biased
coin that comes up heads 75% of the times and third is also a biased coin that comes up tails 40%
of the times. One of the three coins is chosen at random and tossed, and it shows head. What is
the probability that it was the two — headed coin?

ANSWERS

1.()0.49 (i)24/49  2.(i)2/5 (i) 1/10 (i) 17/30  (iv) 1/60 (v) 59/60
3.(1)0.9 (i) 0.01 (i) 0.999  (iv)0.083  (v)0.01089 4.(a) 5.(a) 6.(a)
7.(a) 8. (a) 9. (d) 10. (c) 11. (b) 12. (c)

13. (c) 14. (c) 15. (c) 16. (d) 17. (b) 18. (d)

19. (d) 20. (c) 21. (i)l—l0 (ii)f—o zz.g

23. P(A) =§ and P(B) = = ORP(A) = and P(B) = =

24. 32 25. 38%, 62 % 26. 4 27. 2 28. 1
5 13 3
29. 2 30. 1 31, 12 32, 2033 1L 34, L
5 9 29 37 2’2 15
35, 22 36. 2
29 47
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General Instructions:
1. This Question paper contains - five sections A, B, C, D and E. Each section is compulsory.
However, there
are internal choices in some questions.
2. Section A has 18 MCQ'’s and 02 Assertion-Reason based questions of 1 mark each.
3. Section B has 5 Very Short Answer (VSA)-type questions of 2 marks each.
4. Section C has 6 Short Answer (SA)-type questions of 3 marks each.
5. Section D has 4 Long Answer (LA)-type questions of 5 marks each.
6. Section E has 3 source based/case based/passage based/integrated units of assessment
(4 marks each ) with sub parts.

SECTION A
(Multiple Choice Questions)

Each question carries 1 mark

0 a -3
1. Ifthematrix A=12 0 —1] is skew symmetric, the values of ‘a’ and ‘b’ are
b 1 0
(@ a=2,b=3 (bya=-2,b=3 (c)a=2,b=-3 (da=2,b=-3
2. The value of x, if the matrix [5 ; x X jr' 1] Is singular is
(a) -3 (b) 4 (€) 0 (d)3
1;ifx<3
3. Iff(x)=<ax+ b;if 3 <x <5, then the values of a and b so that f(X) is
7;if 5<x
continuous is
(@ a=3,b=3 (b)a=3, b=4 (c) a=3,b=-8 (d)None of these

4. Write the direction ratios of the line: 3x+1=6y—2=1—-2
(@ 2,1,6 (b) 2,1,-6 (c)-2,-1,6 (d) 2,-1,-6

5, fexfz_x is equal to
(a) tan"1(e*) + ¢ (b)tan"1(e™)+c¢  (c)log(e* —e™) +c
(d) log(e*+e ™) + ¢



6. If fl(a+b—x)=f(x),then f; xf (x) is equal to

@ 5, f(b—x)dx (0) 521 f (b +x)dx
(©) 52 [, f(x)dx (d) 22 J7) f(x)dx
7. If Alis any square matrix of order 3x3 such that |A| = 3, then the value of |adjA| is?
(@) 3 (b) 5 (€9 (d) 27
8. If (20 + 6] + 27k) x (2i + pj + qk) = 0, then the values of p and g are?
@) p=6.0=27  (b) p=3,¢=2>  (¢) p=b,q=> (@) p=3,0=Z7
9. The point which does not lie in the half plane 2x + 3y — 12 < 0 is

(@ (1.2) (b) (2.1) (©) (2.3) (d) (-3.2)

10. An urn contains 6 balls of which two are red and four are black. Two balls are
drawn at random. Probability that they are of the different colours is

2 1 8 4
@) ¢ (b) = © = ) =
11. The equation of the line in the vector form passing through the point (-1,3,5) and
parallel to the line % = %‘4 z=2is

(@) 7 = (=14 3] +5k) + (21 + 3j + k)
(b) # = (=i + 3f + 5k) + 2(21 + 3))
(c) # = (28 +3j — 2k) + A(i + 3f + 5k)
(d) # = (21 + 3)) + (=1 + 3j + 5k)
12. The magnitude of the projection of vector (2i — j + k) on vector (i — 2j + 2k) is
(@) 2 Unit (b) 3 Unit (c) 5 Unit (d) 4 Unit
13. The general solution of the differential equation ydx — xdy =0 s
@ xy=c (b) x = cy? € y=cx (d) y = cx?

14. The corner point of the feasible region for an LPP are (0,2)(3,0)(6,0)(6,8) and
(0,5). The minimum value of objective function for z = 4x + 6y occurs at

(@) (0,2) only
(b) (3,0) only
(c) Any point on the line segment joining the point (0,2) and (3,0)



(d) The mid point of the line segment (0,2) and (3,0)

1 -2 3 23
15. If A = [_4 5 5] and B = l4 5| and BA = [by] , find by, + bs,.
2 1
(a)-14 (b) 14 (c) 18 (d) -18
3 x| _ |3 2| &
16.1f | 1| = |4 1|, find x.
(a) £2v2 (b) 8 () V2 (d) 2

17. Find the area of parallelogram, whose adjacent sides are determined by the vectors
d=1-2j+3k, b=2i+j—4k
(a) 6v5 sg. unit  (b) 5v6 sg.unit  (¢) 100sg. unit  (d) 25 sq. unit

2
18. Find the order and degree of the differential equation y = xZ—i’ + \/az (Z—i’) + b2

(@) order =1, degree =1 (b) order =1, degree =2 (c) order = 2, degree = 2 (d)
order =2, degree =1

In the following questions, a statement assertion (A) is followed by a statement of
Reason (R). Choose the current answer out of the following choices.

A. Both A and R are true and R is the correct explanation of A.

B. Both A and R are true, but R is not the correct explanation of A.

C. Aistrue, but R is false.

D. Als false, but R is true.

19. Assertion: A relation R = {(1,1)(1,3) (3,1) (3,3) (3,5)} defined on set A={1,3,5}
is reflexive.

Reason: A relation R on the set A is said to be transitive if for (a, b) € R and
(b,c) € R we have (a,c) € R.

20. Assertion: The function [x(x — 2)]? is increasing in (0,1) U (2, )
Reason: Z—Z =0whenx=0,1,2
SECTIONB

This Section Comprises of very short answer type questions (VSA) of 2 marks
each .



21. 1 |d| = 13,|b| = 5and @b = 60, then find [d x b |.
OR
If |d x E|2 +|d .T))|2 = 400 and |d@| = 5, then write the value of | b| .
22. Find the vector equation of the line joining the points whose position vectors are
2i—j+kand i +2j—-3k.
23. Find the value of tan='+/3 — cot™! (—\/@)

24. Prove that the function f(x) = x3 — 6x2 + 13 x — 18 is increasing on R.
25. Prove thatf (x) =

4sinx

. . . . . s
—— — xisanincreasing function of xin [0 ,5].

OR

Find the value of k so that the following function f is continuous at x = %

kcosx " in

f(x) = T —2x’ X 2

[

I

5, if x >
SECTIONC

This Section Comprises of short answer type questions (SA) of 3 marks each .
1

—_— - _1
26. Evaluate: [Y?——dx

(1-x2)2
27. Find: fm X.
OR
1+sinxY
Fmd f(1+cosx) x .

28. Solve the differential equation: [xsm ( ) ]dx + xdy = 0,giveny = — when
x = 1.
OR
Solve the differential equation Z—z —y =sinx
29. There are three coins. First is a biased that comes up tails 60 % of the times, second
Is also a biased coin that comes up heads 75% of the times and third is an unbiased

coin. One of the three coins is chosen at random and tossed, it shows head, what is
the probability that it was the first coin?



1
(x*—x)2

30. Evaluate: [ ———dx
OR
Evaluate: [ ———

31. Maximize: Z = x + 2 y, subject to the constraints:
x+2y =100
2x—y <0
2x +y < 200
x,y=0
Solve the above LPP graphically.

SECTIOND
This Section Comprises of Long answer type questions (LA) of 5 marks each .

32. Use the product

1 -1 27[-2 0 1
0 2 =3[|9 2 -3]| tosolve the system of equations:
3 =2 4 6 1 -2

x—y+ 2z =1
2y—3z=1
3x-2y+4z = 2
OR

Solve the following system of linear equations by matrix method, where x,y, z #
0

2 3 3
-4+ Z=10
X y z
1 1 1
~+-+-=10
X y z
3 1 2
——+Z=13
X y z

33. Using integration, find the area of the region bounded between the parabola 4y =
3x2 and the line 2y = 3x + 12 .
OR
Find the area bounded by the ellipse 4x? + 9y? = 36.
34. Find the shortest distance between the lines whose vector equations are



F=1-0i+{t—-2)] +@B=-2)k and 7=(s+1)i+@2s—1)]—
(2s + Dk

35. Show that the relation R in the set R of real numbers, defined as
R ={(a, b): a < b?} is neither reflexive nor symmetric nor transitive.

SECTION E
(This section comprises of 3 Case- Study /Passage —Based questions of 4 Marks
each with two Sub-parts. First two case study questions have 3 sub-parts (i),(ii),
(111) of marks 1,1,2 respectively . The 3" case study question have two sub parts
of 2 marks each .)
36. Case Study -1 : Read the following and answer the questions given below
The front gate of a building is in the shape of a trapezium as shown below. Its three
sides other than base are of 10 m each. The height of the gate is h meter. On the basis
of below figure, answer the following questions:
10m

10 m m

(i) Write the Area (A) of the gate in terms of x .
(if) Write the value of x when Area (A) is maximum,.

(iii) Write the value of h when Area (A) is maximum, .
OR
Write the Maximum value of Area (A) .

37. Case Study -2 : Read the following and answer the questions given below
Given three identical boxes 1% 2" and 3" each containing two coins. In 1% box both

coins are gold coins, in 2"4 box both are silver coins and in 3' box there is one gold

and one silver coin. A person chooses a box at random and takes out a coin.

On the basis of above information, answer the following questions:

(i) What is the probability of choosing 1% box ?
(ii) What is the probability of getting gold coin from 3" box ?

(il1) What is the total probability of drawing gold coin ?



OR
If drawn coin is of gold the probability that other coin in the box is also of gold ?

38. Case Study -2 : Read the following and answer the questions given below

Sand is pouring from a pipe at the rate of 12 cm®/ second the falling sand forms a
cone on the ground in such a way that the height of the cone is always 1/6™ of the

radius of the base . Based on above information answer the following :
(i) Write the expression for volume in terms of height only.

(i) What is the rate of Change of height, when height is 4 cm?
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Note : All alternative solutions are to be accepted at par.

Q. VALUE- POINTS
NOS. MARKS
1. C 1
2 D 1
3 C 1
4 B 1
5 A 1
6 B 1
7. |C L
8 B 1
9 C 1
10. ¢ 1
11. A 1
12. A 1
C
13. 1
14. ¢ 1
15, D 1
16. A 1
17. B 1
18. B 1
19. D 1
20. b 1
cose=f{= 60 =£;sin9=i;|&XB|=|&I|I;|sin6=13x5xi=25 P
|&l|b] 13x5 13 13 13 1+=4-=
OR 2 2
— 2 — 2 — 2
21. | (|dl|b|sin@) + (|d|| b|cos@) =400 = |d|?|b| =400
1
—, 2 —
=|b| =16=|b| =4 1
Gd=2i—j+kandb=i+2j—3k.;b—d=—1+3j— 4k ; vector equation of 1+1
22. |thelineis:# =d+Mb—d)= ¥ =21— j+k+x(—1+3j— 4k). (answer) %
T 2
tan"'V3==, cot™! (—\/ (3)) =51/6 1
23. 3 1

g - 51/6=- /2




f(x)=x3—6x2+13x—18; f'(x)=3x2—-12x+13 ;f'(x) =3x*>—12x + l.,.l
1241, f'"(x) =3(x* —4x+4)+1;f' (x) =3(x—2)2+1 Here3(x—2)2=0| 2 ' 2
o4 | Clearly3(x —2)*+1>0 ;Sof'(x) >0 Vx€R .Therefore f is increasing| 1 1
function on R. 2 2
') = cosx (4 — cosx)
25 f1x) = (2 + cos x)2 i
Forall x € (0, g) f'(x) > 0and hence f is increasing in [0 g]
) _ . (kcosxy
oR Jl;_r}rgf(x)—S ﬁil_r,%(n—Zx)_S 1
1
=k =10
Putsin"lx =0,x =sin0.x =00 =0,x =—,0 =Zdx = df: |= [+0.sec?6 do, 1
\/E 4 s 0 s
26. | =[6.tan@ — [1.tanHdA] = 6.tan @ — log|secH|;l= [A.tan O]+ — [log|sec O|]+= 1
0 0
T 1 .t 1
Z—Elogz AAQSZZElng i 1
X _ X+ . _ _ 2 . __1 _
DD~ oexn T ar x=Ax+B)(x—1)+C(x*+1); A= B = 1+1
1 1, 1 x 1 1 1 1 ] . 1
2. |5.C=3 I= =3[ dx+3 [ o—dxt [ —=dx 3 Ans: log ||+ 1
%tan‘lx + %loglx —-1|+c
1+ sinx 1 x X
f (—) eXdx = f (—secz— + tan—) e*dx 2
OR 1+ cosx 2 2 2
=e* tang +c 1
dy _ y—xsinz% . _ L4y av dv _ vx—xsin’v L Ladv
o . d, Putyl—vx --dx—v+xdx ..v+xdx——x X = 1
—sin?v. fsm—zv = — f;dx ; —cotv = —log|x| + ¢ ;— cot% = —log|x| + c given 1
28. y = %When x=1=>c¢c=—-1; — cot% = —log|x| —1; Cot% =log|x| + 1 Therefore 1
cot% = log|x.e| (answer)
Given differential equation % —y=sinx=>I[F.=e7* %
oRr | Solutionis given by y.e™ = [ sinx.e™*dx >
On solving y = —%(sinx —cosx) +ce* ) 1
2
Dfined the events : E;: | coin is selected E,: 11 coin is selected, : E5: 111 coin is selected
, A : Selcted coin tassed and shows Head; Required P(E;/5) =?
1 40 75
Now P(Ey) = P(E;) = P(E3) = and P(A/g,) = Fo( P()A/Ez) =— P(A/g,) = )
29. [1= - PEL) PLA/e,
2 100’ P(E1/a) P(E;) .P(A/g,)+P(E;)P(A/E,)+P(E3) .P(A/E,). 1
P(E1/a) = ek =20 -2 _3 (ANSWER)
1/a) = %X%+§X17_()50+§X150_00 T 40475450 165 33 1
1
1 1
1\4
30. (1 B x_) 1

1
x* —x)%
J-(x—s)dxszgdx




5
(x4_x)4d —1ft%dt— * (1 1>Z+
f x5 3 15 x3 ¢
2+1
d _ 1 \/_+(x+4)
f5—8x—x2 - f(m)z_(xH)Z 2\/_ |\/_ (x+4)| te
For correct lines and shading of feasible region 1
31 Finding corner points of feasible region and evaluating Z at corner points 1
" | Writing the maximum value of Z and the corresponding point. 1
2 0
—3 =1
1
1 - -2 0 1
=10 2 —3 =19 2 -3
3 -2 4 6 1 -2 1
1 -1 27 1
[0 2 —3‘ [y 1]
-2 4 1
2
Therefore, x = 0,y = =
OR
32.
2 -3 3 1/x 10
A=|1 1 1‘, =|(1/y], B=|10
3 -1 2 1/z 13
IAI=-9 1
. 3 3 -6
-1 —
At=—-l1 -5 1 2
-4 -7 5
1/x [3 3 -—6][10
=|l/y|=-5|1 -5 1[[10
1/z —4 -7 51113
1/x 2
2
:>1/y‘= 3] Hence,xzi,yzéandz:%
1/z 5




Y
4y=3x2
-
8 2
2y=3x+12
33 | c o o X
vl
Area (AOBA) = ar (ACDBA) — ar(ACO) — ar(ODBO)
2
Now ar (ACDBA) =5 [* (3 x + 12)dx = %[% + 12x] =45 and ar(ACO) + 2
ar(0DBO) == [* x? dx = 1 [x?] _21 =18 Therefore Area (AOBA) = 45— 18 =
27 sq units Ans: 27 sq units 1
To draw the correct graph and writing the equation in standard form 1
OR | Required area = 4 36:"(2 dx 2
= 61 <
In vector form, linesare # = i — 2 j + 3k + ¢t(—i+ j — 2k) 1
and 7= i—j—k +s(i+2j—2k)
Gy=1—2j+3k by=—i+j—2kd,=1—j—k by=01+2]j—2k !
34, | G2 —d1 =]~ 4k R,
by X b, =21— 4 —3kand | by X b,y| =29 1
g (d; —dy).(by X by) _ 8 1
by x by V29
For Reflexive with Example 1
35. | For Symmetric With Example 2
For Transitive with Example 2
(i) (10 +x)Vv100 — x?
(i) 5m 1
36. | (i) 5¥3m  OR 1
7593 2 2
2
N 1
() 5 1
37. | (ii)5 1
(i) Or 2 2
(i) 12mh3 2
38. | (ii) = cm/s 2
48
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Time Allowed: 3 Hours Maximum Marks: 80

General Instructions :

1.

©o g &~ w

This Question paper contains - five sections A, B, C, D and E. Each

section iscompulsory. However, there are internal choices in some
guestions.

Section A has 18 MCQ’s and 02 Assertion-Reason based questions of 1
mark each.

Section B has 5 Very Short Answer (VSA)-type questions of 2 marks each.
Section C has 6 Short Answer (SA)-type questions of 3 marks each.
Section D has 4 Long Answer (LA)-type questions of 5 marks each.
Section E has 3 source based/case based/passage based/integrated

units ofassessment (4 marks each) with sub parts.

SECTION A
(Multiple Choice Questions)
Each question carries 1 mark

1 | If Aand B are symmetric matrices of same order, then AB-BA is a
(a) Skew-symmetric matrix  (b) Symmetric matrix
(c) Zero matrix (d) Identity
2 1A =[i :;] ,then the value of k if, A2 = kA — 21 is
(@) o (b) 8 (c)—-7 (d)1
3 The area of a triangle with vertices A, B, C Is given by
(@ 1 |AB xAC)| (b)2|AB x AC |
2 4
(b) |JAC x AB | - ()LAC x AB|
2
4 | . The function f(x) = el is
(a)Continuous everywhere but not differentiable at x=0
(b)Continuous and differentiable everywhere
(c)Not continuous at x=0
(d)None of the above
5 | Find the antiderivative F of function defined by f(x) = 4x®> — 6, where F(0)= 3.
(a) 4x*-6x+3 (b) x*-6x (c) x*-6x +3 (d) x* -6x-3
. . . . L U2 _y - _y
Find order and degree of the differential equation: x 2 {1 + (dx) }
(a) Order 2 Degree 1 (b) Order 1 Degree 2
(c) Order 4 Degree 1 (d) Order 1 Degree 4




7 The solution set of the inequality 3x + 5y < 4 is
(@) an open half-plane not containing the origin.
(b) an open half-plane containing the origin.
(c) the whole XY-plane not containing the line 3x + 5y = 4.
(d) a closed half plane containing the origin.
8 | The projection of the vector 3t — j — 2k on the vector i + 2j — 3K is
(a) = (b) = (c)= (d) 2
14 V14 13 2
9 1 VA dy —
fo ) (1 K= 1 1 1
(@) (b) — (c)7; (d)
10 | If A and B are invertible matrices, then which of the following is not correct?
(a)adjA = |A|.A7? (b) det(A™1) = (det(A))~?
(c) (AB)"t =B71A1 (d)(A+B)t=B"1+A"1
11 | The corner points of the shaded unbounded feasible region of an LPP are (0, 4),
(0.6, 1.6) and (3, 0) as shown in the figure. The minimum value of the objective
function Z = 4x + 6y occurs
At
(@)(0.6,1.6) only (b) (3, 0) only (c) (0.6, 1.6) and (3, 0) only
(d) at every point of the line-segment joining the points (0.6, 1.6) and (3, 0)
12 | The area of a triangle with vertices (—3,0), (3,0)and (0, k) is 9 sq. units. Then,
the value of k will be
(@9 (k)3  (c)-9 (d) 6
13 . . [1 27.
Adjzlnt;f matrix [3 4]4|s : o 1 ]
(@) [3 1] (b) [—3 1 ] (c) [3 4 d) [_3 4 ]
14 | Let E and F be events with P(E)=3 /5 , P(F) =3/10 and P (E n F) =1/5 ,then

(a) Eand F are independent
(b) EandF are dependent




(c) can’t be determined
(d) none of them

15

Find the equation of the curve passing through the point (1, 1) whose
differential equation is

x dy = (2x*> + 1) dx (x # 0)

(@) y=x*+logx  (b)y=x+logx? (c)y=x*logx (d)y=x-logx

16

If y =log+vtanx, then Z—z is
(A)cos 2x (B)sin 2x (C)cosec 2x (D)none of these

17

If ais a nonzero vector of magnitude ‘@’ and A a nonzero scalar, then Aa is unit

vector if
(A)A=1 (B)A=-1 (C)a=|A| (D) a=1/[A|

18

P is a point on the line joining the points (0,5, —2) and B(3, —1,2). If the x-
coordinate of P is 6, then its z-coordinate is
(@) 10 (b) 6 (c) -6 (d) -10

ASSERSTION REASON

In the following questions, a statement of assertion (A) is followed by a
statement ofReason (R). Choose the correct answer out of the following
choices.

(a) Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true but R is not the correct explanation of A.

(c) Ais true but R is false.

(d) Ais false but R is true.

19

Assertion (A)Range of sin"t x s [—g ,g]

Reason(R)The principal value of sin‘% = g

20

Assertion (A): The acute angle between the line ¥ = i + j + 2k + A(i — j) and the
X-axis is 45
Reason(R): The acute angle 6 between the lines
7 =x11+y1J + z1k + 2(a1i + b1j + c1k) and
Ezéc i+yj+zk+ud+bj+c k)isgiven by
oS =

SECTION B

This section comprises of very short answer type-questions (VSA) of 2 marks
each




21

Find the value of sin (tan™ (0.75))

Or

If N be the set of all-natural numbers, consider f: N — N such that
f(x) = 2x, ¥ X € N, then show that f is one-one but not onto.

22

A stone is dropped into a quiet lake and waves move in circles at a speed
of 4cm per second. At the instant, when the radius of the circular wave is
10 cm, how fast is the enclosed area increasing?

23

Show that the points A (1, 2, 7), B(2, 6, 3) and C (3, 10, —1) are collinear.
OR

Find the coordinates of the point where the line through (5, 1, 6) and (3,
4, 1) crosses the YZ-plane.

24

If y = 3 cos (log x) + 4 sin (log x), show that x 2y, +xy1 +y =0

25

Find the magnitude of two vectors, having the same magnitude and such

that the angle between them is 60° and their scalar product is%

SECTION C
(This section comprises of short answer type questions (SA) of 3 marks
each)
26 . x%+1
Find [ o ———dx
27 | A box of oranges is inspected by examining three randomly selected oranges

drawn without replacement. If all the three oranges are good, the box is
approved for sale, otherwise, it is rejected. Find the probability that a box
containing 15 oranges out of which 12 are good and 3 are bad ones will be
approved for sale

OR

A coin is biased so that the head is 3 times as likely to occur as tail. If the coin is
tossed twice, find the probability distribution of number of tails.

28

Evalaute:  [2+/sin®.cos® @ d@
OR
Evalaute: folx (1 — x)™dx

29

Show that the differential equation (x —y) dy/ dx = x + 2y is homogeneous and
solve it.
OR

y ey .
C—=x" =2y +xy

Solve: dx

30

Solve the following Linear Programming Problem graphically:
Maximize Z = 400x + 300y subjectto x + y < 200, x < 40,x > 20,y > 0




X2
Evaluate: fm dx

31

SECTION D (LONG ANSWER TYPE) (5 MARKS EACH)

Make a rough sketch of the region {(x,y):0<y <x%0<y<x,0< x < 2}and find the
area of the region using integration.

Show that the relation R defined in the set A of all polygons as R = {(P1, P2 ) : P1 and P2 have
same number of sides}, is an equivalence relation. What is the set of all elements in A
related to the right-angle triangle T with sides 3, 4 and 5?

OR
If R1 and R2 are equivalence relations in a set A, show that R1 n R2 is also an equivalence
relation.

An insect is crawling along the line ¥ = 61 + 2j + 2k + (1 — 2j + 2k) and another
insect is crawling along the line 7 = —41 — k + (31 — 2j — 2k). At what points on the
lines should they reach so that the distance between them is the shortest? Find the shortest
possible distance between them.

Solve the system of equations by using matrix method:
2x—3y+5z=11

3x+2y—4z=-5

X+y—2z=-3

SECTION E( CASE BASED QUESTIONS) (This section comprises of 3 case-study/passage-based
questions of 4 marks each with two sub-parts. First two case study questions have three sub-
parts (i), (ii), (iii)of marks 1, 1, 2 respectively. The third case study question has two sub-parts of 2
marks each.)

36 Shape of a toy is given as f(x) = 6(2x4 - xz). To make the toy beautiful 2
sticks which are perpendicular to eachother were placed at a point (2,3),
above the toy.

1. Which value from the following may be abscissa of critical point?

2. Find the second order derivative of the function at x = 5.

3. At which of the following intervals will f(x) be increasing?

37 P(x) = -5x2 +125x + 37500 is the total profit
function of acompany, where x is the
production of the company.

1. What will be the production when the profit is maximum?
2. What will be the maximum profit?

Check in which interval the profit is strictly increasing.

When the x value lies between (2,3) then the function is




38

There are two antiaircraft guns, named as A and B. The

probabilities that the shell firedfrom them hits an airplane are 0.3

and 0.2 respectively. Both of them fired one shell at an airplane at the

same time.

(i) What is the probability that the shell fired from exactly one of
them hit the plane?

(i) If it is known that the shell fired from exactly one of them hit
the plane, then what isthe probability that it was fired from B?

MARKING SCHEAME




1 (b) Symmetric matrix

2 (d)1

3 e
1/2 |AB x AC|

4 (a)Continuous everywhere but not differentiable at x=0

5 | (c)x*-6x+3

6 (@) Order 2 Degree 1

7 (b)an open half-plane containing the origin

7

8 | (b) T

9 | (5

10 |(d)(A+B)1=B1+A1

11 | (d) at every point of the line-segment joining the points (0.6, 1.6) and (3, 0)

12 | (b)3

4 =2

Pe] T

14 | (b) E and F are dependent

15 | (@) y=x%+logx

16 | (C) Cosec 2x

17 | (D)a=1/|A|

18 | (b)6

19 | (e) Both A and R are true but R is not the correct explanation of A.

20 | (a)Both A and R are true and R is the correct explanation of A.

21 | Ans:3/5 1
OR 1
One-one onto

22 | A=nr? 0.5
dA/dt = 2nr dr/dt 05
dA/dt = 2mr (4) =8 1;([‘ 0.5
(dA/dt) = 80m cm?/sec 0.5

23 | DROFAB<1,4,4> 1
DR OF BC < 1,4,4> 1
Eq of line through (5,1,6) and (3,4,1) 1
Put x=0
Coordinate of point( 0, -13/2, 7/2) 0.5

0.5

24 | Correct yiandy; 1
Establish the equation 1

25 |a.a="u 0.5
|a.||a.| Cos 60° = % 0.5
la. | =1 1

2

26 fxzx—stcl-% dx= f dx + f xi(—xs—xl-26 dx 1

partial fraction 1




x—5log |[x — 2] +10log|x—3]| +C 1
27 |C(12,3)/C(15,2) =12.11.10/15.14.13 1.5
44/912 15
OR
The sample space of the experimentis S={1, 2, 3, 4, 5, 6}.
P(1) = P(2) = P(3) = P(4) = P(5) = P(6) = 1 /6 0.5
X 1 2 3 4 5 6
PX)1/6 1/6 1/6 1/6 1/6 1/6 0.5
E(X)=Xfxp = 21/6 0.5
E(X?) =91/6 0.5
Var (X) = E (X2 ) - (E(X))2 =35/ 12 1
28 | 3 0.5
fz Vsin® .cos* @ cos@do
0
sin@ =t, cos® d@ = dt 0.5
Evaluation of integration 15
ans = %
OR
folx (1 —x)"dx = fol(l — x) (x)™dx applying prop 0.5
= [ (" — ()™ !
=1/(n+1) - 1/(n+2) 0.5
~1/(n+1)(n+2) ‘1)-5
29 | dy/dx=(x+2y)/(x-y) 0.5
F(x, y) = (x+2 y)/( x-) 2
F( kx, ky) =(kx+2k y)/( k x- ky) 0.5
=ko(x+2 y)/( x-y) '
ey _—
T — =X =2V 4 Xy
clx i
Dy/dx = (x2- 2y?+ xy)/ x?
Puty = vx
Solving de 0.5
1 _-.'+\|E'r 0.5
N lugl-r_ﬁ;‘}:]ng _-_.|‘C' 5

30

We have Z= 400x +300y subjecttox + y < 200,x < 40,x = 20,y = 0
The corner points of the feasible region are C(20,0), D(40,0),B(40,160), A(20,180)
\ ’[y |XL |

40
X+ y = =
200X =AZD (20, 180)

c = (20, 9 |D = (40, 0)

l T 2\

Corner Point Z = 400x + 300y
C(20,0) 8000
D(40,0) 16000

—z00 —100 )




B(40,160) 64000
A(20,180) 62000

1
Maximum profit occurs at x= 40, y=160and the maximum profit =X 64,000 1
1
31 | Putx?=y 0.5
Partial fraction 15
1 _ 2 _1Xx
-Stan Lx +-tan 15 +C 05
32
(Correct
fig: 1
Mark)
Yo
The points of intersection of the parabola y = x2 and the line 2
y = x are (0, 0) and (1, 1).
. 1 2
Required Area = [ ydx + [y dx 1+1/2
Required Area= [ x2dx + [ xdx
33 | Ris reflexive 1
R is symmetric 1
R is transitive 1
R is equivalence 1
All the triangle 1
34 The position vector of P lying on the line
7 =61+ 2] + 2k + A(f — 2] + 2k)
is (6 + )1+ (2—21)]+ (2+22)k for some A y
The position vector of Q lying on the line 2
7F=—41—k +uBi—2j-2k)
is (=4 +3u)i+ (—2u)j + (=1 —2u)k  for some u %
PO =(-10+3u—Di+(—2u—2+20)j+ (=3 —2u -2k
Since, PQ is perpendicular to both the lines v,
(=10 +3u—A) + (—2u — 2+ 20)(=2) + (=3 — 2u — 21)2 1/2
= 0’ 2
i.e.,u—31=4 ...(0)
and (=10 +3u — )3+ (—2u—2+20)(-2) + (-3 —2u — %
2)(=2) =0, 2
i.e.,17u — 31 =20 ...(i0)
solving (i) and (ii) for A and u, we getu = 1,4 = —1. 1
The position vector of the points, at which they should be so thatthe distance A
between them is the shortest, are
51 +4jand —i — 2] — 3k
PQ = —60— 6] — 3k 1
The shortest distance = |PQ| = V62 4+ 62 + 32 =
35 | To express system of equation as a product of matrices.
To express AX =B 1

X=AlB




To find At
Correct solution, x=1 , y=2 ,2= 3

36

1. +1/2, -1/2
2.3588
3. (-%, 0) U (1/2,®) OR R- (-% ,0) U (12 ,®)

37

1. ¢)2x-5
2. a)yes

3. c¢) function is not differentiable

RN R R R, W

38

Let P be the event that the shell fired from A hits the plane and Q be the eventthat the
shell fired from B hits the plane. The following four hypotheses are possible before
the trial, with the guns operating independently:

E1 = PQ E2 = PQ,E3 = PQ,E4 = PQ

Let E = The shell fired from exactly one of them hits the plane.

P(E1) = 0.3 x 0.2 = 0.06, P(E2) = 0.7 x 0.8 = 0.56,

P(E3) = 0.7 x 0.2 = 0.14, P(E4+) = 0.3 x 0.8 = 0.24

P(5)=(5)=0r () =" (5) =1
P(E)—P(E1)P( )+P(E2) P( )+P(E3) P( )+P(E4) P( )

=0.14+0.24=0.38

P(E3). P(E)
P(El)P( )+ P(Ey). P( )+ P(E3). P( )+P(E4) P( )

p(E) =

By Bayes’ Theorem, P (%) =

E

P<E3) _ 7
E/) 19
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Time 3 Hours
General Instructions: -
1) All questions are compulsory.

M.M. 80

2) The question paper comprises three sections A,B,C,D and E. This question paper
carries 38 questions. Each section is compulsory. There is no overall choice .
However internal choice has been provided in some questions . You have to attempt

only one of alternatives in all such questions.

3) Section A has 18 MCQ’s and 02 Assertion-Reason based questions of 1 mark each.

Section B has 5 Very Short Answer (VSA)-type questions of 2 marks each.

Section C has 6 Short Answer (SA)-type questions of 3 marks each.
Section D has 4 Long Answer (LA)-type questions of 5 marks each.
Section E has 3 source based/case based/passage based/integrated units of

assessment (4 marks each) with sub parts.

SECTION-A
(Multiple Choice Questions)
Each question carries 1 mark

. In the set A= {1,2,3}, relation R= {(1,3)} is

(a) Equivalence (b) Reflexive (c) Symmetric (d) Transitive

. If cos (sin_1 % + cos™?! x) = 0,then x is equal to

(a) 1/5 (b) 3/5 (c)O

(d)1

If A and B are two matrices of the order 3 x m and 3 x n respectively

and m=n, then the order of matrix (5A- 2B) is

(@) mx3 (b) 3x3 (c)mxn (d) 3 xn

. Let A be a square matrix of order 3x3 . What is the value of |24]|,where |A| = 4.
(@) 8 (b) 16 (c) 24 (d) 32

. f(x) =x* has a stationary point at
(a) x=e (b) x= 1/e (c) x=1 (d) x=+e

. The rate of change of the area of a circle with respect to its radiusr at r= 6 cm is
(a) 1011 (b) 1211 (c) 8Tl (d) 1111

. f(?tanz(Zx) dx is equal to
(a) == (b) == (c) == (d) ==

. f_21|x| dx is equal to
(a) 1 (b) 3/2 (c) 2 (d) 5/2

. The area of the region bounded by the curves x =at? and y = at

ordinate correspondingto t=1and t=2 is

(a) % a? (b) 43—" a? (c) 57

(d) none of these

between the

10. The maximum number of equivalence relation on the set A = {1,2,3} are



(@) 1 (b) 2 (c) 3 (d) 5
11. The value of 1 for which the vectors 3i —6j+ k and 2i — 4j + Ak are

parallel is
(@) 2/3 (b) 3/2 (c) 5/2 (d) 2/5
12. The equation of x-axis in space is
(a) x=0,y=0 (b)x=0,z=0 (c) x=0 (d) y=0,z=0
13. The number of vectors of unit length perpendicular to the vector j+k and
204+ j+ 2k is
(a) 1 (b) 2 (c) 3 (d) 4
14. If the direction cosines of a line are k,k,k then
(@) k>0 (b)o<k<1 (c)k=1 (d) k== or k==

V3 V3
15. From the set {1,2,3,4,5}, two nhumbers a and b (a#b) are choosen at

random . The probability that a/b is an integer is
(a) 1/3 (b) Va (c) 2 (d) 3/5

16. The optimal value of the objective function is attained at the points
(a) Given by intersection of inequation with y-axis only.
(b) Given by intersection of inequation with x-axis only.
(c) Given by corner points of the feasible region .
(d) None of these

17. Three persons A,B and C fire at a target in turn , starting with A. Their
probability of hitting the target are 0.4, 0.3 and 0.2 respectively . The
probability of two hits is
(a) 0.25 (b) 0.188 (c) 0.399 (d) 0.475

18. In an LPP, if the objective function Z= ax + by has the same maximum
value on two corner points of the feasible region , then the number of points
of which Zmax occurs is
(@) O (b) 2 (¢) finite (d) infinite

ASSERTION-REASON BASED QUESTIONS
In the following questions, a statement of assertion (A) is followed by a
statement of Reason (R). Choose the correct answer out of the following
choices.

(a) Both A and R are true and R is the correct explanation of A.



(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false but R is true.

19. Assertion(A) : If A and B are two independent events and it is given that
P(A)=2/5, P(B)= 3/5, then P(AnB)=6/25.
Reason(R) : P(AnB)= P(A) x P(B), where A and B are two independent
events.

20. Assertion(A) : If A is a square matrix such that A2=A, then (I+A)2 - 3A =
I
Reason(R) : AI=IA=A

SECTION-B

This section comprises of very short answer type-questions (VSA) of 2 marks each

6x

f sin®x+ cos

21. Evaluate : dx

cos?x sin?x

22. Write cot™!—— ,|x| >1 in simplest form.

V1’
Or
Prove the following
cos[tan"{sin(cot 1 x)}] = \/%
23. If x=acos@; y=bsiné ,then find % :

24. A line passes through (2, -1, 3) and is perpendicular to the lines #=1+j—k +
M2t —2j+k) and 7# =2t —j—3k +u(t+2j +2k). Obtain its equation in vector and
Cartesian form .

25. Show that the function fis given by f(x) = tan™!(sinx + cosx) is decreasing for all

OR
A ladder 5 m long is leaining against a wall . The bottem of the ladder is pulled
along the ground, away from the wall , at the rate of 2 cm/sec . How fast is its
height on the wall decreasing when the foot of the ladder is 4 m away from the

wall ?

SECTION-C
(This section comprises of short answer type questions (SA) of 3 marks each)



26. Show that the relation S in the set A={xeZ:0<x <12} given by S-=
{(a,b):a,b € Z, |a — blis divisible by 3} is an equivalence relation .

27. Show that the points A (a,b+c) , B(b,c+a) , C(c,a+b) are collinear .

OR
IfIf A= [é _?’Z],Write A"l interms of A .

/3 dx
28. Evaluate : [/ o

Or

dx
sin(x—a)cos(x—b)

Evaluate : [

29. Solve : x%+y—x+xycotx=0(x¢0)

Or
Find the particular solution of the differential equation
(1+e*)dy+ (1 + y?)e*dx =0 giventhat y =1 whenx =0

30. Let vectord = {+4j+2k, b= 3i—2j+7k and ¢ = 2i — j+4k. Find a vector d which is

perpendicular to the plane containing @ and b, and ¢. d = 15.
Or
Show that two lines F=2f—l€+/1(f+ j—ZIZ)& F=i- j+l€+y(—f+2j+21€) intersect also
find the point of intersection.
31. Solve the following linear programming problem graphically :
Minimize Z =200x + 500y ; subjectto constraints
x+2y>10; 3x+4y<24; x=0; y=0

SECTION-D
(This section comprises of long answer-type questions (LA) of 5 marks each)

32. The sum of perimeter of a circle and a square is k , where k is some constant .
Prove that the sum of their areas is least when the side of the square is double the
radius of the circle.

OR

Find the area of the greatest rectangle that can be inscribed in an ellipse Z—z+z—z = 1.

33. In a family there are five children. Two children are selected at random, if they

are found to be girls find the probability that the family has three girls and two boys.



34. Find the area of the region bounded between the parabola 4y = 3x2 and the
line 3x -2y +12=0

OR

If the area bounded by the parabola y? = 16ax and the liney =4mx is ‘11—; sq. units,
then using integration, find the value of m.

35. Find the shortest distance between the lines whose vector equations are: 7 =

1-0i+@t—-2)j+@B—-20k and7=(s+1)i+ (2s—1)j—(2s+ 1k

SECTION -E
(This section comprises of with two sub-parts. First two case study questions have
three sub of marks 1, 1, 2 respectively. The third case study question has two sub
marks each.)
Three schools A, B and C organized a mela for
collecting funds for helping the rehabilitation of
flood victims. They sold hand made fans, mats and
plates from recycled material at a cost of ¥ 25, 100
and T 50 each. The number of articles sold by school
A, B, C are given below.

School| A | B | C
Article
Fans 40 | 25 | 35
Mats 50 | 40 [ 50
Plates 20 | 30 | 40
36. Based on above information, answer the following questions.

(i) What is the fund collected by school A by selling the given articles ?
(i)  What is the fund collected by school B by selling the given articles ?
(iiif)  What is the total fund collected for required purpose ?

37.

P(x) = -5x% +125x + 37500 is the total profit function of a
company, where x is the production of the company.




38.

1. What will be the production when the profit is maximum?
2. What will be the maximum profit?
3. Check in which interval the profit is strictly increasing .

OR
What will be production of the company when the profit is Rs 382507
Polio drops are delivered to 50K children in a district. The rate at which polio
drops are given is directly proportional to the number of children who have
not been administered the drops. By the end of 2nd week half the children
have been given the polio drops. How many will have been given the drops
by the end of 3rd week can be estimated using the solution to the differential
equation dy/dx =k (50 — y) where x denotes the number of weeks and y the
number of children who have been given the drops.
(i) What is the solution of the differential equation dy/dx = k(50 — y) ?
(i)  What is the value of c in the particular solution given that y(0)=0 and

k = 0.049 ?



MARKING SCHEME

1 1
(d)

2 | (b) 1
3 [(d) 1
4 [ (d) 1
5 | (b) 1
6 | (b) 1
7 1(a) 1
8 | (d) 1
9 | (a) 1
10 | (d) 1
11| (a) 1
12 | (d) I
13 | (b) 1
14 (d) I
15 | (b) 1
16 | (¢) 1
17 | (b) 1
18 | (d) 1
19 (a) 1
20 | (@) 1
21

Letr— [ TR

- s o

- [:Si_n:z-; -+ coszxj {:z;}:;;;;:“x = SilIZXCO!E:X} dsc

= [:S]'_‘lex = cz;j:iiozzj;.unzxcoszt dsc

=t ($_3)‘x

1

o = =
S + COsSTX

= —————=—dx—3x+C

) ~
ST OOSTX

= [ sec xdx + I cosec xdx — 3x + C

I =tanx —cotx — 3x + C




22

or
LHS = CoS Itan_l {sin (cot_l 0H
Let x=cotB
LHS = cos [tan ™! (sin 0)]
= cos| tan ! ; = cos| tan ! !
«.”I'l + c0t2 3 1+ x2
Let l‘:"l1=tam_1 # = tanf, = 1
1”"1 + x2 1+ xz
1+ x2 -1 1+ x2
c05E|1=— = E|1=c05

a.,,|'2+xz 2+ x2

Now, put 8, in equation (i), we get

-1 1+ x2 1+ 22
COSs | COs 5 = 5
2+x 2+x
23 x —acosB.ywv —bsinoato — I

Differentiating x and » w.r.t. 8, we get

clz<c c
de ~ de (®*cos©l

= a% (cos 8%
= @ (— sizx 8)
= —asin e _.......{1)

and

cy ;
ao dB(IJSLtIB)

arnd
TY — 2 [(—E) coto
= —E oot By = %;

= (Ej COoscocT e < 4&1- == ———— CrEes~Cal
= (—&) cosec0

X ) ate —

&l

N = = 3
= ;:I cosocT 4

— =2 = (=)

o

— N

=




24

i -2] +kyx (i +2] +2k) = ;_ -Jz :(‘= -6 -3 +6kor,b =21+ - 2k
11T 2 21
Position vector of given point (2, -1, 3) is. 3 = 2i - + 3k
Using
7" =3 +Ab, the required vector equaton of lineis: 7 =2hati-| + 3k +A(2i +2] -2

And, Cartesian form of the line is ; X2= Y= 23

2 1 -2
25
dy _ —x dx
dt /25 —x2 dt
It is given that i—f = 2cm/s
Cdy . 2x
dt 25 -x7
Now, when x = 4m, we have:
S =ea 4
dt  4/25—42 3
8 .
Hence, the height of the ladder on the wall is decreasing at the rate of E cm/s.
OR
Section-C
26
27

[x1(y2 —y3) T x2(ys —y1) +x3(y1 —y2)]=0
[alc+ta—a—b)+bla+tb—b—c)+te(b+c—c—a)]=0
[ac—ab+ab—bec+bc—ac]=0

=0

The points A(a,b+c), B(b,c+a), C(c,a+b) are collinear.




28

T
3 Vcosx + sinx

2l = % Vcos x + +sin x
T 1
21 = [7 1. dx
s
21 = [xI3 !
1| T
1= 2[5 -2 1
1|27 —
F=5 [ 6 ]
T
l — E
OR
1 J' cos(x — a)cos(x — b)
= - dx
cos(bh —a) sin(x — a)cos(x — b)
sin(x — a)sinix — b) !
sin(x — a)cos(x — b)
1
=(1/ cos(b —a)) | (cot(x —a) + tan(x — b)) dx
=(1/ cos(b-a)) [log |sin(x — a)| - log (sec{x-Db})] + C .
=(1/cos(b-a)) [log |sin(x — a)cos(x - b)|] + C
29
-1 B R, T
tan 'y + tan'(e*) = : .
v (xsin x) = J x.sin xdx
=-x.cos X + [ cosx dx 1
Or
-1 —1r,x 1
tan 'y = —tan"'(e*) + C
1.5
1.5
30 B
1. dis parallel to axb = A(axb) 1
~d =324 - A-14 1

Using ¢-d =15,1=5/3




. a=§( 327~ jo14K

Or
= 2i —k+ Al + j-2K)
sz j+l€+y(—|+2]+2k)
24 =1-u 0
A=—l+u (ii)
_1-24=1+2u (iii)

Solving (i) and (ii) A =—-1& u = 0which satisfy (iii) .-

.theyint er sect

point (1,—1,1)
31
Corner points (0,5), (4,3); (0,6) ;
2300 at (4,3)
32| 2mr+4s=k

s = %(1{—27[1‘)
dAr d 13_1_ a2
& & Tk )

= 2mr + 1—164(1{ — 2mr) = (—27)

0 =2mr — n(s)

s=2r




or

The area A of the rectangle is 4xy i.e. A = 4xy which gives AZ = 16x2y? = s (say)

X 2 .165'
Therefore, s = 16 | 1= |-0” = (a™x* —xY)
ﬁ — 163}_ 2 2 4 1
= i o [2a°x — 4x7]
nonn B o L oaye b
gl o VT T2 2
d’s 15&3
Now, . — 1227
dax-
a d’s 153:- .. 16b° .
2a’—6a’]=— 4a)< 0
At -J'_ PRI [ 1 = )
a b
Thus at x = F, V= F’ 5 1s maximum and hence

the area A 1s maximum.

a
Maximum area =4.x.y =4 F F = 2ab sq unts.

33

E: The family has 2 girls & 3 boys.
F: The family has 3 girls & 2 boys.
G: The family has 4 girls & 1 boy.
H: The family has 5 girls

A: Two selected children are girls
P(E) = P(F) = P(G) =P(H) = 1/4

C(22) C(3,2) C(4,2) C(5,2)
C(52)’ (/)'0(5,2)’P(A/G)'C(52)& PIA/H )_C(5,2)

P(E).P(A/E
D _P(E).P(A/E)

P(A/E) =

P(E/A)=

10

34

FIGURE




Given the equation of parabola 4y = 3x2 = y=— ...

and the line 3x -2y +12=0
3;1:+12=y

2
The line intersect the parabola at (-2, 3) and (4, 12).
Hence the required area will be the shaded

—

region.

+ 4 5.2
Required Area = I Sx+ 12 Ix — I S dx

2 4
-2 -2
3 ""]:
==x% +6x- IT
-2

=(12+24-16)-(3-12+2)

=20+ 7 =27 square unils.

; OR
a/m®
f V16axr — dma dx

now, area bounded by the curves = 0

a/m? a/fm?
Viba [ ade— [ dmade

= 0 0

La2M2 = 2a*3m*

m=2




35

i ] k| 2.5
bxb =1 1 2l =(-2+4)i -(2+2)j+(-2-1)k=2i -4 -3k
| 2 -2|
= b xb,| = J(2) +(—4) +(-3) =V4+16+9 =29 1
(B xb,)(a:—a)= (2 -4j-3k)-(j-dk)=—4+12=8 .
Substituting all the values in equation (3), we obtain
| 55| .
‘ _Jﬁi . v'@ °
36 (i) 7000/- 1
(ii) (ii) 6125/~ 1
i) (iii) 21000/- 2
37 1
(i) 12.5
1
(ii) 38281025/~
(iii) (0, 12.5) or 15 ,
38 2
(i) — log|50 —y|=kx+c
2

(i) (i) log =




Kendriya Vidyalaya Sangathan (Raipur-Region)
Sample paper-4 (2022- 23)
Subject: - Mathematics Class-XII

Time: 3 Hours Maximum Marks: 80.

General Instructions:

(i)  All questions are compulsory.
(i)  The question Paper consists of Five sections A, B, C, D and E.

(ili)  Section A consists of 18 MCQ questions , and 2 question based on Assertion -Reasoning.
One mark each.

(iv)  Section B comprises of 5 (VSA) questions of 2 marks each,

(v)  Section C comprises of 6 (SA) questions of 3 marks each.

(vi)  Section D comprises of 4 (LA) questions of 5 marks each.

(vii) Section E has 3 case study based questions with sub parts 4 marks each.

(viil) There is no overall choice. However, internal choice has been provided in 2 questions in
section B, 3 question in section C, 2 question in section D. You have to attempt only one
of the alternatives in all such questions.

(ix)  Use of calculators is not permitted. You may ask for logarithmic table if required.

(X)  If you wish to re-answer any question, for any reason, please cancel the question already
answered.

(xi)  Please write the serial number of question before attempting it.

“15 minutes extra time has been allotted to read this question paper”

Section A [1 mark each]

From Q.1—Q.-20 are multiple choice type questions. Select the correct option.

1. If Aiis asquare matrix of order 3 and |3 A| = K|A], then the value of K is
@ 9 (b) 18 (c) 81 (d) 27

IfA = [}L g],then find the value of [2A] is (@) 24 (b) —24 (c) 12 (d) —12.
. Thevalueof 1.(xk)+j(kxi)+k@xj. s

@ 1 _ (b) 2 (© 3 d o0
If f(x) = {¥ x#0 is continuous at x = 0 the value of ks
k, x=0
@) 1 (b) 2 (© 3 d o0

N ay
If y=./sinx+7y, then - 1S equal to
COSX cosx sinx sinx
@57 0,0 O35
Find the sum of the degree and the order for the following differential equation :

EEIR

(a) 1 by 2 () 3 (d)




7. The corner points of the feasible region determined by the following system of linear inequalities
2x +y <10, x+3y <15,x =0,y = 0 are (0,0), (5,0), (3,4) and (0,5).Let Z = px + qy, where p,
g > 0.Condition on p and q so that the maximum of Z occurs at both (3,4) and (0,5) is
@ p=q b®)p=2¢ () p=3¢ (ag=3p ~
8. If 0 is the angle between the vectors a’and b, such that [@ x b | = | @b, then 6 is
(@ 0° (b) 45° (c) 120° (d) 180°
9. The value of fol e2108% dx s
1 1

@0 (b, © ; @ =

4
10. A 3 x 3 matrix A = [a;;| whose elements are given by a;; = (i + j)? is

4 9 16 4 9 16 4 9 16

(@) [ 9 16 25] (b) [9 16 25 ] (c) [ 9 16 25

16 25 18 6 25 126 16 25 36

11. If the feasible region for a LPP is ......... , then the optimal value of the objective function

z = ax + by may or may not exist (a) Bounded (b) Unbounded (c) Both (d) None of these

12, IfA = [C(.)S a _Sma] , then for what value of «, A an identity matrix ?
sina  cos «

(d) None of these

(@ 30° (b) 0° (c) 90°  (d) None of these.
13. If A is a square matrix of order 3, with |A| = 9, then write the value of |2. (adj A)|
(@) 620 (b) 648 () 720 (d) 748
14. It is given that the event A and B are such that P(A) = i, P(A/B) = % and P(B/A) = 33 then P(B) is
OF (b) = (© (@ =
15. Find the integrating factor of the following differential equation : xlogx Z—i +y=2logx
@ logx (b) 2 (© log2 (d) log3
16. 1f f(x) = /tan Vx ,then find f ' (’1’—2)
s 2 1 2
(@) 5 (b) — © 3 @ 3
17.If [a’| = 3, thenvalue of |—4a’| is
(a) 4 (b) —12 () 12 d) V12
18. The Cartesian equations of a line are 6x — 2 = 3y + 1 = 2z + 2.The d-ratios of the line are
@ 1,2,3 (b) 2,31 (©) 3,2,1 (d) none of these

ASSERTION- REASON BASED QUESTIONS

In the following question, a statement of Assertions (A) is followed by a statement of Reason(R)
Choose the correct answer out of the following choices.

(a) Both A and R true and R is the correct explanation of A.

(b) Both A and R true and R is not the correct explanation of A.

(c) Ais true but R is false

(d) A is false but R is true.

19. Assertion (A): The principal value of tan™! (tan %ﬂ) = g

Reason (R) : f(x) =tan™'x,x¢€ (_gg)

20. Assertion (A): The acute angle between the lines: 7" = (21 — 57 + k)+A(31 + 2j + 6k) and 7 = (71 —
6k)+u(i+ 2] + 2k) is 8 = cos™? (5)

Reason (R) : The acute angle 0 between the lines is given by  cos 6 = b1 bz B o] |



21.

22.

Section B [2 marks each]

Write the principal value of :-  4tan™! (1) + cos™! (— %) Ans:s?"

(OR)

Evaluate: sin E —sin~? (— g)] Ans: 1

The length x of a rectangle is decreasing at the rate of 5 cm / minute and the width y is increasing at
the rate of 4 cm / minute , when x =8 cm and y = 6 cm, find the rate of change of the area of rectangle.
Ans,: 2cm? /min

23.1f @=4i+3j+2k and b=3i+2k ,find|bx2d| Ans: 22
(OR)
If |@'| = 4,|b| =3and@.b = 6v3, then find|a’ x b | Ans: |[@ xb]| =6
2
24.1f y = (tan~1x)2, show that(x? + 1)2. % +2x(x% + 1) % =2

25.

26.
217.

28.

29.

30.

31.

32.
33.

Find a vector @ of magnitude 5v2 , making an angle of % with x-axis g with y-axis and an acute angle

0 with z-axis . Ans: d=5i+5k
Section C [3marks each]

fﬁ Ans:%sin‘l\/g(x+1)+c

A card is drawn from a will shuffled deck of 52cards. The outcome is noted, the card is replaced and

the deck reshuffled. Another card is drawn from the deck. What is the probability that the first card is

an ace and the second card is a red queen. Ans:%
(OR)

A and B throw a pair of dice alternatively. Awins the game if he gets a total 7 and B wins the game if

he gets a total 10. Write their favorable cases. Ans: A total 6; B total 3 favorable cases.
2+sin 2x

Find :

Evaluate : [ e*dx Ans: e*tanx + ¢
1+cos2x
(OR)
: 2
Evaluate: [, ———— dx Ans: =
1+cos4x 4
Solve the differential equation :x 2 =y — x tan (Z) Ans: xsin = ¢
dx x x
OR)
Find the particular solution of differential equation % + ycotx = 2x + x%cotx
2
given that y = 0 when x =~ Ans:ysinx — x*sinx +~-=0
Solve the following linear programming problem(L. P. P. )graphically:
Maximize Z= = x + 5 y Subject to the constraints: 2x +y < 60, 2x + 3y <120,x <20 , x >0,
y=0 Ans: 262.50 at(15, 30)
Find: [£=24 Ans:  x—loglx| — tan~x + log(x? + 1) +
) S . x—logl|x an”"x +-log(x c

Section D[5 marks each]
Find the area of the region bounded by the curve y? = 4x,y-axis,and the line y = 3Ans:§sq units

Let N denote the set of all natural numbers and R be the relation on N x N defined by
(a,b) R(c,d) iff ad(b+c) =bc(a+ d). Show that R is an equivalence relation.

(OR)
Consider a function f : R+— [—9, ) given by f(x) = 5x2 + 6x — 9, prove that that f is bijective.



34. Find the shortest distance between the following pair of lines :
L—Gzﬂzﬁ; xt4_ y _zHl Ans: 9
1 -2 2

3 -2 -2
(OR)
Find the vector equation of the line passing through the point(1, 2, —4)andis perpendicular to the two

x—8 y+19 _ z-10 x-15 _ y-29 _ z-5 L= ra a = N a =
Ilnes——_16— - and el AI'IS.T'—(l+2]—4k)+l(21+3]+6k)

1 -1 0 2 2 -4
35. Find the product AB, where A =| 2 3 4|,B =|-4 2 —4]and use it to solve the
0 1 2 2 -1 5

equations: x —y =3,2x+3y+4z=17,y+ 2z =7 Ans:x=2,y=-1,z=4

Section E[4 marks each]
36. An architect designs a building for a multi-national company. The floor consists of a rectangular
region with semicircular ends having a perimeter of 200 m as shown below

_..f"’f—x\*.
Design of Floor -"f
I | A |
N l 4 \ - J L /
— X —> P P
.
Euilding

Based on the above information answer the following:
Q) If x and y represents the length and breadth of the rectangular region, then the relation between

the variables is
(Ans:) 2x + my = 200
(i) The area of the rectangular region A expressed as a function of x is
Ans: = (100 — x2)
(ili)  The maximum value of area A is
Ans 222 2
V3
OR

(iii) The CEO of the multi-national company is interested in maximizing the area of the whole floor
including the semi-circular ends. For this to happen the value of x should be

Ans: O0m

37. In a park, an open tank is to be constructed using metal sheet with a square base and vertical sides
so that it contains 500 cubic meter of water.



Based on the above information answer the following questions:

Q) If the edge of square is x meter and height of tank is y m then correct relation is
Ans :x?y = 500
(i) Relation for surface area of tank in terms of x and y is
Ans x?% + 4xy
(ili)  The surface area of tank is minimum when x is equal to
Ans 10m
OR

(iii) The minimum surface area of tank is
Ans 300 sq.m

38. Three persons A, B and C apply for a job in aprivate school for the post of principal. The chances

of their selection are in the ratio 2 : 3 : 4respectively.Management committee given the agenda
toimprove the sports education, it is estimated thatthe change may occur with probability 0.8, 0.5and
0.3 respectively.

On the bases of above situation answer thefollowings:
Q) Probability of ‘C’ that change not take place is
7

Ans —
10
(i)  Probability of ‘A’ that change occur is
8

Ans —
10



