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COURSE STRUCTURE

CLASS - XII
(2025-26)
One Paper Max. Marks: 80
No. | Units Marks
1. Relations and Funclions 08
Il. Algebra 10
.  Calculus 15
. Vectors and Three - Dimensional Geomatry 14
W, Linear Programming 05
VI. | Probability 08
Total 80
Internal Assessment 20
nit-l: Ral n Function
1. Relations and Functions

Types of relations: reflexive, symmefric, transitive and equivalence relations. One to one and
onto functions.

2. Inverse Trigonometric Functions

Definition, range, domain, principal value branch. Graphs of inverse trigonometric functions.

Unit-ll: Algebra

1. Matrices

Concept, notation, order, equality, types of matrices, zero and identity matrix, transpose of a
matrix, symmetric and skew symmetric matrices. Operations on malrices: Addition and
multiplication and multiplication with a scalar, Simple properties of addition, muliplication and
scalar multiplication. Mon- commutativity of multiplication of matrices and existence of non-
zero matrices whose product is the zero matrix (restrict to square matrices of order 2).
Invertible matrices and proof of the unigueness of inverse, If it exists; (Here all matrices will
have real entries).

2. Determinants

Determinant of a square matrix (up to 3 x 3 matrices), minors, co-factors and applications of
determinants in finding the area of a triangle. Adjoint and inverse of a sguare matrix.
Consistency, inconsistency and number of solutions of system of linear equations by
examples, solving system of linear equations in two or three variables (having unigue sclution)

using inverse of a matrix.
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Unit-lli: Calculus
1. Continuity and Differentiability

Continuity and differentiability, chain rule, derivative of composite functions, derivatives of
inverse trigonometric functions like sin™ x, cos™ x and tan™ x, derivative of implicit functions.
Concept of exponential and logarithmic functions. Derivatives of logarithmic and exponential
functions. Logarithmic differentiation, derivative of functions expressed in parametric forms.
Second order derivatives,

2. Applications of Derivatives

Applications of derivatives: rate of change of quantities, increasing/decreasing functions,
maxima and minima (first derivative test motivated geomedrically and second derivative test
given as a provable fool). Simple problems (that illustrate basic principles and understanding
of the subject as well as real- life situations).

3. Integrals

Integration as inverse process of differentiation. Integration of a variety of functions by
substitution, by partial fractions and by parts, Evaluation of simple integrals of the following
types and problems based on them.

o [ o [ [Py,

xra?’ fyi4q "7 a2’ .:r.x3+bx+f Jaxibxec °© axt+bx+c

j%dx,_[ a? + x2 dx, [Vx? — a? dx, [Vax? + bx + cdx
X+C

Fundamental Theorem of Calculus (without proof). Basic properties of definite integrals and
evaluation of definite integrals.

4. Application of the Integrals

Applications in finding the area under simple curves, especially lines, circles/ parabolas/ellipses
(in standard form only)

5. Differential Equations

Definition, order and degree, general and particular solutions of a differential equation. Solution
of differential equations by method of separation of variables, solutions of homogeneous
differential equations of first order and first degree. Solutions of linear differential equation of the

type:

% + py = q, where p and g are functions of x or constants.

% + px = g, where p and g are functions of y or constants.
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Unit-IV: Vectors and Three-dimensional Geometry
1. Vectors

Vectors and scalars, magnitude and direction of a vector. Direction cosines and direction ratios
of a vector, Types of vectors (equal, unit, zero, parallel and collinear vectors), position vector of
a point, negative of a vector, components of a vector, addition of vectors, mulliplication of a
vector by a scalar, position vector of a point dividing a line segment in a given ratio. Definition,
Geometrical Interpretation, properties and application of scalar (dot) product of vectors, vector
(crass) product of vectors.

2, Three-dimensional Geometry

Direction cosines and direction ratios of a line joining two points. Cartesian equation and vector
equation of a line, skew lines, shortest distance between two lines. Angle between two lines.

Unit-V: Linear P ing Probl

1. Linear Programming

Introduction, related terminology such as constraints, objective function, optimization, graphical
method of solution for problems in two variables, feasible and infeasible regions (bounded or
unbounded), feasible and infeasible solutions, optimal feasible solutions {up to three non-trivial

constraints).

Unit-V1: Probability
1. Probability

Conditional probability, multiplication theorem on probability, independent events, total
probability, Bayes' theoram.
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MATHEMATICS (Code No. - 041)
QUESTION PAPER DESIGN
CLASS - Xl (2025-26)

Time: 3 hours Max. Marks: 80
3. Typol of Questions Total by i
No. ogy Marks| Weightage
Remembering: Exhibit memory of previously learned
material by recalling facts, terms, basic concepts, and a4
1 answers, 35
Understanding: Demonstrate understanding of facts and
ideas by organizing, comparing, franslating, interprating,
giving descriptions, and stating main ideas
2 Applying: Solve problems lo new siluations by applying 20 o5
acquired knowledge, facts, technigues and rules in a
diffarent way.
Analysing :
Examine and break information into parts by identifying
mofives or causes. Make inferences and find evidence to
support generalizations
Evaluating:
3 Prasent and defend opinions by making jJudgments about 16 20
information, validity of ideas, or quality of work based on a
set of criteria.
Creating:
Compile information together in a different way by
combining elements in a new pattern or proposing
alternative solutions
Total B0 100

1. No chapter wise weightage. Care o be laken to cover all the chaplers
2. Suitable internal variations may be made for generating various templates keeping the
overall weightage to different form of questions and typology of guestions same.

Choice(s):

There will be no overall choice in the question paper. However, 33% internal choices will be given
in all the sections

INTERNAL ASSESSMENT 20 MARKS
Periodic Tests (Best 2 out of 3 tests conducted) 10 Marks
Mathematics Activities 10 Marks

Note: For activities NCERT Lab Manual may be referred.
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1. RELATION AND FUNCTION

A relation can be mathematically defined as the linking or connection between two different
objects or quantities.

Examples of relations:

« {(a,b) € A x B: ais the brother of b},
« {(a,b) € A xB: ais the sister of b},
« {(a,b) € A x B: age of a is greater than the age of b},

« {(a,b) € A x B: total marks obtained by a in the final examination is less than the total
marks obtained by b in the final examination},

« {(a,b) € A xB: alives in the same locality as b}. However, abstracting from this, we
define mathematically a relation R from A to B as an arbitrary subset of AxB

Types of Relations

o Empty Relation

« Universal Relation

« Reflexive Relation

o Symmetric relation
« Transitive relation

« Equivalence relation

Empty Relation: A relation R in a set A is called empty relation if no element of A is related to
any element of A,1.e., R=¢9p C A X A.

Universal Relation: A relation R in a set A is called universal relation if each element of A is
related to every element of A, i.e., R=A x A.

Reflexive Relation: A relation R in a set A is said to be an equivalence relation if R is
reflexive, symmetric and transitive.

Symmetric relation R in X is a relation satisfying (a, b) € R implies (b, a) € R.

Transitive relation R in X is a relation satisfying (a, b) € R and (b, ¢) € R implies that (a, c) €
R.

Equivalence relation R in X is a relation which is reflexive, symmetric and transitive.
Functions
Functions are defined as a special kind of relations.

Types of Functions

1) One-one Function
A function f: X — Y is one-one (or injective) if f(x;) = f(x2) =@ x1=x2 V x1,x € X.
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2) Onto Function

A function f: X — Y is onto (or surjective) if given any y € Y, 3 x € X such that f(x) =y.

3) One-One and Onto Function

A function f: X — Y is one-one and onto (or bijective), if f'is both one-one and onto.

Composition of functions

The composition of functions f: A — B and g : B — C is the function gof: A — C given by
gof(x) = g(f(x)) Vx € A.

Invertible Function

A function f: X — Y is invertible if 3 g : Y — X such that gof = IX and fog =1Y.

Condition- A function f : X — Y is invertible if and only if f'is one-one and onto

SECTION -A(1 MARK EACH)
Q.N QUESTIONS M
. AR
KS
1 A relation R in a set A is called , if (a1, a2) € R implies 1
(a2, a1) € R, for all a1, a2 € A.
(a) symmetric (b) transitive  (c) equivalence (d) non-symmetric
2 Let R be a relation on the set N of natural numbers defined by nRm if n divides m. Then 1
Ris
(a) Reflexive and symmetric(b) Transitive and symmetric
(c) Equivalence (d) Reflexive, transitive but not symmetric
3 The maximum number of equivalence relations on the set A = {1, 2, 3} are 1
(a) 1 (b) 2 (c)3 (d) 5
4 If set A contains 5 elements and the set B contains 6 elements, then the number of one-one 1
and onto mappings from A to B is
(a) 720 (b) 120 (©0 (d) none of these
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Let R be the relation in the set N given by R={(a,b):a=b-2,b>6}. Choose the correct
answer:

(@ 2,H€R  (b) 3,8)€ER (c)(6,8)ER ()@8,7)ER

Let f: R — R be defined by f(x) =1/x V x € R. Then f is
(a) one-one (b) onto (c) bijective (d) fis not defined

Let A = {1, 2, 3} and consider the relation R = {1, 1), (2, 2), (3, 3), (1, 2), (2, 3), (1,3)}.
Then R is

(a) reflexive but not symmetric  (b) reflexive but not transitive

(c) symmetric and transitive (d) neither symmetric, nor transitive

Let A = {1, 2, 3}. Then the number of relations containing (1, 2) and (1, 3), which are
reflexive and symmetric but not transitive is

@1 (b) 2 (©)3 (d) 4

Let f: R — R be defined by f(x) = x + 1. Then, pre-images of 17 and — 3, respectively,
are

(a) Q, {4a_4} (b) {37_3}9 ¢ (C) {47_4}3 ¢ (d) {49_4}7 {2’_2}

10

Set A has 3 elements, and set B has 4 elements. Then the number of injective mappings
that can be defined from A to B is

(a) 144 (b) 12 (c) 24 (d) 64

11

Let f: [2, ©) — R be the function defined by f(x) = x? — 4x + 5, then the
range of f is

(2) R (b) [1, ) (c) [4, ) (d) [5, )

12.

Which of the following relations is transitive but not reflexive for the set
S={3, 4, 6}?

(@) R=1{(3,4),(4,6),(3,6); (b)R={(1,2),(1,3), (1, 4)]
(©)R=1{(,3),(4,4),(6,60)] ()R={3,4), (4 3)}

13.

Which of the following relations is symmetric and transitive but not reflexive for
the set 1= {4,5}?

(@) R=1{(4,4),(5,4),(5,5)} (b) R ={(4,4), (5, 5)}

(C) R= {(4, 5), (5, 4)} (d) R = {(43 5)9 (53 4)3 (49 4)}
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14

Let R be a relation in the set N given by R={(a,b): a+tb=5, b>1}. Which of the
following will satisfy the given relation?
(@)(23)eR (b)(42)eR ()2, )eR (d)(5,0)€R

15 | The function f(x) =x*+ 4x +4 is-:
(a) even (b)odd (c) neither even nor odd (d)none of these
16| A function f:N—N is defined by f(x)= x*+12. What is the type of function here?
(a) bijective (b) surjective
(c) injective (d) neither surjective nor injective
17 Let A={1,2,3} and B={4,5,6}. Which one of the following functions is
bijective?
(a) ={(2,4).(2,5),(2,6)} (b) £={(1,5),(2,4),(3.4)}
(c) F={(1,4),(1,5),(1,6)} (d) £={(1,4),(2,5),(3,6)}
18 Let M={5,6,7,8} and N={3,4,9,10}. Which one of the following functions is
neither one-one nor onto?
(a) £={(5.3).(7.4),(6,4),(8,9)} (b) £={(5,3),(6,4),(7,9),(8,10)}
(c) £={(5,4).(5.9).(6,3),(7,10),(8,10)} (d) £={(6,4).(7.3),(7,9).(8,10)}
19 1 The following figure depicts which type of function?
X Y
(a) one-one (b) onto
(c) many-one (d) both one-one and onto
20

(20) The following figure depicts which type of function?

X Y
(a) injective (b) bijective
(c) surjective (d) neither injective nor surjective
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SECTION -B(2/3 MARKS EACH)

21 1. Is f: N — N given by f(x) =x?, one - one ? Give Reason .

22 Let R be a relation described on the set of natural numbers N. Determine the
domain and range of the relation. Also check whether R is symmetric,
reflexive and/or transitive.

R={x,y}: xE€ N,y €N, 2x+y =41}
23| What 1s the range of the function.
:lx_ll 9
f(x) ) , X £ 17

24 Check whether the relation R defined on the set A = {1, 2, 3,4, 5, 6} as
R = {(a, b): b=a+ 1} is reflexive, symmetric or transitive.

25 |letA={1,2,3}anddefineR={(a,b):a+b>0}.Show thatR is universal
relation on set A..

26 | LetA={a, b,c}how many relations can be defined in the set ? How many of
these are reflexive ?

27 Prove that the relation R on the set NxN defined by (a ,b) R (c ,d ) =>ad(b+c) = bc(a+d), for
all
(a, b),(c,d )e NxN is an equivalence relation.

28 |letA={2,4,6,8}andR={(a,b): ais greater than b and a,b€ A} on the setA.
Write R as a set of order pairs , is the relation reflexive ?

29 |letA={2,4,6,8}and R ={(a,b): ais greater than band a,b€ A} onthesetA.
Write R as a set of order pairs , is the relation Symemtric ?

30 | LetA={2,4,6,8}andR={(a,b): ais greater thanb and a,b€ A} onthesetA.
Write R as a set of order pairs , is the relation Transitive ?

31 |LetA={1,2,3}anddefineR={(a,b):a—-b=12}.show that Ris empty

relation on set A.
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LONG ANSWER

32

Let A=R-{3} and B=R — {1}. Consider the function f: A —B defined by

f (x) = (x- 2)/(x -3). Is f one-one and onto? Justify your answer.

33

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}.

34

Consider a function f: R, - [-5, ) given by f(x) = 9x? + 6x — 5, show that
is bijective function.

35

Show that the relation R defined by (a, b) R (¢, d) => a+ d =b + ¢ on the set N XN is an

equivalence relation.

SECTION -E (4 MARKS EACH)

36

Amit and Vivek are students of class XII . Their maths teacher told them to
collect the names of 5 students of class X and 4 students of class IX , Amit
collected the names of students is denoted by

A = { Anshul , Garima , Aditi , Shravan, Nitin } and Vivek collected the
names of students denoted by B = { Rajat, Jagriti ,Ankush , Avi } . Since
discussion of Relation and function was given in the class . From the above
information give the answer of following question .

(1)How many functions exist from A to B?
(i)If you want to know no. of relations exist from A to B . How many such
relations are possible ?
(i11)Let R: A— A defined by R={ (x, y) : total marks obtained by x is less then
the total marks obtained by y the R is
a. Reflexive and Symmetric b.Symmetric and Transitive
c.Equivalence Relation d.None of these
(iv)How many Symmetric relations exist on Set A ?

37

In two different societies, there are some school going students - including
girls as well as boys.

Satish forms two sets with these students, as his college project.
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LetA={a1,a2,a3,a4,a5} andB={b1,b2,b3,b4}
where a; ’s and b; ’s are the school going students of first and second
society respectively.

Satish decides to explore these sets for various types of relations and
functions.

Using the information given above, answer the following :

(i) Satish wishes to know the number of reflexive relations defined on
set A. How many such relations are possible?

(ii) Let R: A— A, R ={(x,y): x and y are students of same sex }. Then
relation R is
a . reflexive only b.reflexive and symmetric but not transitive
c .reflexive and transitive but not symmetric d.an equivalence relation

(i11)Satish and his friend Rajat are interested to know the number of
symmetric relations defined on both the sets A and B, separately. Satish
decides to find the symmetric relation on set A, while Rajat decides to find
the symmetric relation on set B. What is difference between their results?
(iv)LetR:A— B,R={ (a;,b1),(a2,b1),(as,bs3),(as,b2),
1. (as,b2)},thenRis

a. neither one-one nor onto b.one-one but, not onto

c.only onto, but not one-one d.one-one and onto both
ANSWERS
MCQ
(1) (a) symmetric (2) (d) Reflexive, transitive but not symmetric
3)(d) 5 (4) ()0 (5) (c)(6,8)ER (6) (d) fis not defined
(7) (a) reflexive but not symmetric (8) (@1
9) (c) 14,4}, 0 (10) (¢) 24
(11) (b) [1, ) (12)(a) R={(3,4),(4,6), (3, 6)}

(I3)(d) R=1{(4,5),(5,4), 4,4} (14)(a)(23)€R
(15) (¢) neither even nor odd

(16)(d) neither surjective nor injective

(I7)d)f={(1,4),(2,5),(3,6)} (18)(@)={(5,3).(7,4),(6,4),(8,9) }
19)(a)One-one

20)b)bijective
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21) Yes, f is one-one -V xy, x; € N = xi% = x,2.

22)The range of the relation is {1,3, 5, 7,....., 39}
The domain of the relation R is {1, 2,3,4,5,6,7 ...., 20}

R is neither symmetric nor reflexive and not even transitive.

23)Firstly, redefine the function by using the definition of modulus function, i.e
by using

_ | = =20
=45 a0

Further, simplify it to get the range

Given, function is f(x) = [x—1|/x—1,x # 1
The above function can be written as

x"i, if x>1
X
flx) = x-1
=D r <
x—1
1, if x>1
= fm“{—l, if x<1
24)Answer:

The relation R on set A = {1, 2, 3,4, 5, 6} is defined as (a, b) € R iff

b =a + ITherefore, R = {(1, 2),(2, 3), (3, 4), (4,5), (5, 6)}

Clearly, (a, a) € R for any as a € A. So, R is not reflexive on A.

We observe that (1, 2) € R but (2,1) € R.

So, R is not symmetric.

We also observe that (1, 2) € R and (2, 3) € R but (1, 3) € R. So, R is not
transitive.

25)

26.To show that the relation R defined on the set A={1,2,3} is a universal
relation, we need to demonstrate that R is equal to AXA.

1. Define the Set A:
A={1,2,3}

2. Define the Relation R:

The relation R 1s defined as:
R={(a,b):a+tb>0}
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3. Find AXA:
The Cartesian product AXA consists of all ordered pairs (a,b) where a and b are
elements of A. Thus:

AxA={(1,1),(1,2),(1,3),(2,1),(2,2),(2,3),(3,1),(3,2),(3,3) }

4. Check Each Pair in AxA:
We need to check if each pair (a,b) in AxA satisfies the condition a+b>0.

- For (1,1): 1+1=2>0
- For (1,2): 1+2=3>0
- For (1,3): 1+3=4>0
- For (2,1): 2+1=3>0
- For (2,2): 2+2=4>0
- For (2,3): 2+3=5>0
- For (3,1): 3+1=4>0
- For (3,2): 3+2=5>0
- For (3,3): 3+3=6>0

1. Conclusion:
Since every pair (a,b) in AXA satisfies the condition a+b>0, we conclude
that:
R=AxA
Therefore, R is a universal relation on the set A.

26)Step 1: Determine the number of relations on set A

1. Identify the elements of the set: The set A has 3 elements: a,b,c.

2. Find the Cartesian product AxA: The Cartesian product AXA consists of all
ordered pairs formed by taking one element from A and pairing it with another
element from A. Thus, we have:
A><A={(a,a),(a,b),(a,c),(b,a),(b,b),(b,c),(c,a),(c,b),(c,c)}

This gives us a total of 3x3=9 ordered pairs.

3. Calculate the number of relations: A relation on set A is any subset of AXA.
The number of subsets of a set with n elements is given by 2n. Therefore, the

number of relations is:
2|AxA|=29=512

Step 2: Determine the number of reflexive relations

1. Understand reflexive relations: A relation is reflexive if every element is
related to itself. For our set A, this means that the
pairs (a,a),(b,b),(c,c) must be included in any reflexive relation.
2. Identify mandatory pairs: The mandatory pairs for reflexivity
are (a,a),(b,b),(c,c). This accounts for 3 pairs.
3. Count remaining pairs: The remaining pairs that can either be included
or excluded from the relation are:

(a,b),(a,c),(b,a),(b,c),(c,a),(c,b)
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There are 6 such pairs.
4. Calculate the number of reflexive relations: Each of the remaining 6 pairs
can either be included or excluded independently, which gives us: 2°

=64

Final Answer

- The total number of relations that can be defined in the set A 1s 512.
- The number of reflexive relations is 64.

27)Here, (a,b)R(c,d)=ad(b+c)=bc(at+d) for all (a,b),(c,d)ENXN.
First we will check R for reflexive.

For, (a,b)R(a,b),

=ab(b+a)=ba(a+b), which is true.

So, R is reflexive.

Now, we will check R for symmetric.

For, (a,b)R(c,d),

=ad(b+c)=bc(atd)

=bc(at+d)=ad(b+c)

=cb(d+a)=da(ctb)

=(c,d)R(a,b) is true.

So, R is symmetric.

Now, we will check R for transtivity.

For, (a,b)R(c,d) and (c,d)R(e,f)
=ad(b+c)=bc(atd) and cf(d+e)=de(ct+f)
=abd+adc=abct+bcd and cfd+cef=ced+def
=abd—abc=bcd—acdandcfd—ced=def—cef
=ab(d—c)=cd(b—a)andcd(f—e)=ef(a—c)
=abb—a=cdd—candcdd—c=eff—e
=abb—a=eff—e

=abf—abe=efb—efa

=abft+efa=efb+abe

=af(b+e)=be(f+a)

So, (a,b)R(e,f) is true.

~R is transitive.

As R is reflexive, symmetric and transitive, R is an equivalence relation.

28).R = {(8, 6), (8, 4), (8, 2) (6, 4), (6,2), (4,2)}  Not reflexive
(29)R = {(8, 6), (8, 4), (8, 2) (6, 4), (6,2), (4,2)  Not symmetric
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(BO) R = {(8,6), (8, 4), (8,2) (6,4), (6,2), (4,2) Not Transitive

31)To show that the relation R is an empty relation on the set A={1,2,3}, we
need to analyze the condition defined for the relation R.

1. Define the Set and Relation:
- Let A={1,2,3}.
- The relation R is defined as R={(a,b)EAXA:a—b=12}.

2. Find the Cartesian Product AXA:
- The Cartesian product AxA consists of all ordered pairs where the first
element is from A and the second element is also from A.

- Thus, AxA={(1,1),(1,2),(1,3),(2,1),(2,2),(2,3),(3,1),(3,2),(3,3)}.

3. Check Each Ordered Pair Against the Condition:
- We need to check each ordered pair (a,b) in AXA to see if it satisfies the
condition a—b=12.

- For (1,1):
1-1=0(not 12)
- For (1,2):
1-2=—1(not 12)
- For (1,3):
1-3=—2(not 12)
- For (2,1):
2—1=I(not 12)
- For (2,2):
2—2=0(not 12)
- For (2,3):
2—3=—1(not 12)
- For (3,1):
3—1=2(not 12)
- For (3,2):
3—2=I(not 12)
- For (3,3):
3—3=0(not 12)

4. Conclusion:

- After checking all possible pairs, we find that none of the pairs satisfy the
condition a—b=12.

- Therefore, R=0 (the empty set).

- Since R contains no elements, we conclude that R is an empty relation on the
set A.
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Final Result:
Thus, we have shown that R is an empty relation on the set A.

Long answer

32)Given function:
f(x) = (x-2)/(x-3)

Checking for one-one function:

f(x1) =& —2) (x;—3)

f(x2) = (X2-2)/ (x2-3)

Putting f (x;) = f (x2)

(x1-2)/(x1-3)= (x2-2 )/(x2-3)

(x1-2) (3= 3) = (x1= 3) (x2-2)

X1 (x0—-3)-2 (x2-3) =x1 (xo—=2) -3 (x2—2)
X1 X2 -3X1-2X2 + 6 =X; X — 2X; -3X2 + 6
-3X1— 2X5 =- 2X;1 -3X,

3x, 2%, = —2Xx1 + 3x4

X1= X2

Hence, if f (x;) = f (x2), then x; = x,
Thus, the function f'is one-one function.
Checking for onto function:

f(x) = (x-2)/(x-3)

Let f(x) =y such thaty Bi.e.y € R — {1}

So, y = (x -2)/(x- 3)
y(x-3)=x-2

Xy -3y =x-2
Xy —x =3y-2
x(y-1)=3y-2
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x =3y -2) /(y-1)

Fory =1, x 1s not defined But it is given that. y € R — {1}

Hence, x = (3y- 2)/(y- 1) € R -{3} Hence, fis onto.

33.Since |a—a] is even,

~(a,a) ER

=~ R 1s reflexive.

(i1) Let (a, b) € R Then |a — b| is even
~ |b—a| is even

=~ (b, a) € R and R is symmetric.

(ii1) Let (a, b), (b, c) ER
Thena—b=4+2m,b—-c=+2n

s a—c==2(m + n), where m, n are integers.
=~ (a, ¢) € R and hence R is transitive
Thus, R is an equivalence relation.

34).R+ — [- 5, ) given by f(x) =9x*> + 6x - 5
Let y be an arbitrary element of [- 5, ).
Lety=9x>+6x -5
=>y=03x+1)?-1-5
=>y=0Bx+1)?-6
=>Bx+1) =y+6
=>3x+1=Vy+6[asy>-5=2y+6>0]
= x =[(Vy +6)-1]/3
-~ fis onto, there by range f=[- 5, ).
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35.Let (a, b) in N x N We know that
at+b=b+a

.(a,b)R(a,b)

= R is reflexive.

(i1) Let (a,b),(c,d)ENxN and(a,b)R(c,d)
=a+d=b+c

=b+c=a+d

=c+b=d+a

=(c,d)R(a,b)

~ R 1s symmetric.

(iii) Let =>at+d=b+c

=b+c=a+d

=ctb=d+a

=(c,d)R(a,b)

=at+d=b+candct+f=d+e
=a+d+ct+f=b+c+d+e

=a+f=b+e

=(a,b)R(e,f)

= R is transitive.

~ R 1is reflexive, symmetric and transitive.
= R is an equivalence relation . Hence Proved .

Case based
36 1.(i)C (ii) B (iii)D (iv) A
37(i)4 (ii)4 (iii) 3 (iv) 1
ASSERSSION REASONING

In the following question a statement of Assertion (A) is followed by a statement of reason (R).
Pick the correct option: 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): If n (A) =p and n (B) = q then the number of relations from A to B is 2pq
Reason (R) : A relation from A to B is a subset of A x B

Assertion (A): The relation R in the set A = {1, 2, 3,4, 5, 6} defined as R={ (x, y) :y is divisible
by x} is not an equivalence relation.

Reason (R) :The relation R will be an equivalence relation, if it is reflexive, symmetric and
transitive.
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Assertion (A): If R is the relation defined in set {1, 2, 3,4,5,6} as R={(a,b) :b=a+ 1}, thenR
is reflexive
Reason (R) : The relation R in the set A is reflexive if aRa for every a € A.

Assertion (A) : A relation R ={ (1,1),(1,2),(2,2),(2,3)(3,3)}defined on the set A={1,2,3} is
reflexive. Reason (R) : A relation R on the set A is reflexive if (a,a) ,for all a

Assertion (A): If R is the relation in the set A= {1,2,3,4,5} given by R={(a, b): |a - b| is even}
R is an equivalence relation.
Reason (R) : All elements of {1, 3, 5} are related to all elements of {2, 4}

1.Answer: A Solution: A is true - No of elements of AXB = pxq, So the number of relations
from A to B is 2pq R is true — every relation from A to B is a sub set of AXB

2.Answer : A Solution: A is true-R is reflexive and transitive but not symmetric ie (2,4)eR
(4,2)eR R-true- Definition of an equivalence relation.

3.Answer :D Solution : A is false — (x,x) RRis true- (1,2) R(2, 1) R

4.Answer: A Solution: A is true - (a,a) ,for all a A R is true — Correct explanation for reflexive
relation.

5.Answer: C Solution: A is true- Since it an equivalence relation R is false — the modulus of
difference between the two elements from each of these two subsets will not be even
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INVERSE TRIGONOMETRIC FUNCTIONS

The inverse trigonometric functions are the inverse functions of the trigonometric functions written as
sin"'x,cos 1x,tan ! x,cosce 1 x,sec” ! x,cot 1 x

If = sinx,thenx = sin"ly

If = cosx,thenx = cos™ly

Similarly, for other trigonometric functions, inverse trigonometric functions are written.

Domain & Range of Inverse Trigonometric Functions

Functions Domain Range
(Principal Value Branches)

sin! x [—1, 1] [_E E]
2°2
cos'x [—1, 1] [0, 7]
tan’! x R _rr
(-32)
cosec! x R—(—1,1) [_E E]
2°2
sec! x R—(—1,1) [0,7]— { g}
cot! x R _nm
-55-©@
sin~1(sin 0) =0 cos 1(cos0) =6
Within the

tan !(tan0) =6 | cot™1(cot0) =6

domain
sec 1(sec®) =0 | cosec™(cosec®) =0

SECTION A (MCQ)
Que 1. | The domain of sin™'2x is
'19 1 b '19 1 _l l _l l
(@ [-1, 1] (b) -1, 1) (c)[ 2,2] (d)( 2,2)
Que 2. | Which of the following is the principal value branch of cosec™ x?
T T T T T T T
(@) (=3,3) (b)(0,m) — {7} ©) [-3,5] d[-3,51 {0}
Que3. | pipg principal value of cos™! (cos %r)
3 5 7 T
@ 5 (b) = © 5 3
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Que 4. | The domain of functiony = cos™!x is
(a) [-1, 1] (b) [_ 1 l] (©) [-2,2] (d) None of these
2’ 2
Que S. | The value of cos™? [cos (— g)] is equal to
3 s 4 2
(2) =3 (b)3 © = 5
Que 6. | vajye of cos E + cos™! (— %)] is equal to
V3 V3-1 V5-1 V3+1
(a) == b7 (©) —— G
Que 7. | The value of tan™? [tan %ﬂ]
i T T
(a) | (b) 7 (c) = (d) None of these
Que 8 | Domain of sin~!x + cos x is
(a) [—g,g] (b)R (c) [-1,1] (d) (-1,1)

In the following questions 9 and 10, a 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 but 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.

Que 9. | Assertion : Domain of y = cos™ 1 x is [—1, 1]
Reason : The range of the principal value branch of y = cos™t x is [0, ] — E]
Que 10. | Assertion (A): We can write sin'x = (sin x)™
Reason (R) : Any value in the range of the principal value branch is called the principal
Value of that inverse trigonometric function.
SECTION-B (2 MARKS)
Que 11. | Find the principal value of sin™* %
Que 12. | pind the value of k if sin? [k tan (2 cos™? ‘?)] = g
Que 13. | Find the value of : tan~1(1) + cos™1(— %)
SECTION C ( 3Marks)
Que 14.

Find the value of sin"(sin 2?") + cos"(cos 7?71)
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ue 15. i -1 ‘ .
Q Epress the functions cot 7= n the simplest form:

Solution
1. _11
©|-; 'T?]
2 @)%Y -{0)
31
3. (a) -
4 (@[-1,1]
21
S (d)~
6. _V¥3
(a) =~
7 OF
8 (C) [_1' 1]
9 (c) Assertion (A) is true but reason (R) is false.
10 (d) Assertion (A) is false but reason (R) is true.
11 1 AN
sin™?! <ﬁ> =sin™?! (sin Z) =7
12 V3 T
-1 -1\ = =
sin [k tan (2 cos > ) 3
Or, k tan (2 cos™! E) _¥3
2 2
Or, k tan (2 g)= ?
k tan ( §)= ?
k\3 = ? or k= %
“101) — _ 1. _ 1
13 let tan (1)_ y cosH(—2) =x tan~*(1) + cos™! (——) =
Thentany =1 1 2
* x =L as domain (0, 1) _Z+?
3 _1in
12
14 sin~1(sin2n /3) + cos™(cos 2n /3)
=sin~(sin(mt—n /3) + 2n /3
=sin~Y(sin(n /3) + 2n /3
=sin~(sin(n /3) + 2rn /3
T 2n
=—=+—=n
3 3
15 Let x=sec 0, then Vx2 — 1 = Vsec20 — 1 =tan 0
1 1 _ -
Therfore cot™! 75— cot YcotO)=0=sec™t 0
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3/4. MATRICES & DETERMINANTS
IMPORTANT CONCEPTS/RESULTS

= A matrix is an ordered rectangular array of numbers or functions. The numbers or functions are called the
elements or the entries of the matrix.

= A matrix having m rows and n columns is called a matrix of order mxn.

* An mxn matrix is a square matrix if m = n.

= [f A = B then both matrices have the same order and corresponding elements of both matrices wiil be equal.

= Operations on Matrices: (i)Addition of matrices: If A = [ajj]mxn and B = [bjj]mxn are two matrices of the
same order. Then, A + B = [ajj + bjj] m xn.

(ii) Multiplication of a matrix by a scalar: If A = [ajj]Jmxn 1S @ matrix and k is a scalar, then kA is another matrix
which is obtained by multiplying each element of A by the scalar k i.e. kA = [kajj]mxn

(iii) Difference of matrices: If A = [ajj]mxn, B = [bjj]mxnare two matrices then
A — B =[ajj — bjj]mxn , for all value of i and j. In other A-B=A+(-1) B

(iv) Multiplication of matrices: The product of two matrices A and B is defined if the number of columns of A is
equal to the number of rows of B.Let A = [ajj]m~n and B = [bjj]axp. Then AB = C = [Cik]m x p, Where cik=ai1 bik + a2 b +
ai3 bk + ... + ainbpk = Z?zl aijbjk

Transpose of a Matrix: If A = [aij] 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
(i) AD" = A4 (i))(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

Xy z
YEIEE

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

Skew symmetric Matrix: A square matrix M is said to be 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
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Let A= [; f]] be an Square Matrix of order2X 2 then the determinant of A is denoted by |A| and defined by |A| =

a b

%y = ay-bx

Determinant of a matrix of order 3% 3: Let us consider the determinant of a square matrix of order 3, |A|=
a b c

p q r
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.
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
elementa;; lies. Minor of an elemena;jis denoted by M;;.

Cofactors: cofactors of an elementa;; denoted by A;; and is defined by 4;; = (—1)i+jMij where M;; is the minor
of Clij.

Adjoint of a Matrix: The adjoint of a square matrix A = [aj]axn iS defined as the transpose of the matrix [Ajj]axn Where
Ajj is the cofactor of the element aj;.

Let A= [a ﬁ] be a Matrix of order 2 X 2, Then adj(A) = [ o _ﬂ]
y ¢ -y «a
adj(4)

Inverse of a Matrix: Inverse of a Square Matrix A is defined as C = i

Note: If A and B are Square Matrix of order n then
@) A(adj A) = (adj A)A=|A|I , where 1 is the Identity Matrix of order n.
(i) A square Matrix A is said to be singular and non-singular according as |A| = 0 and |A| # 0
(ii) |adj(A)|=|A|"! (For a square Matrix of order 3 x 3 |adj(4)| = |A|?)
(ivy  |AB| = |A||B|
v)  |kA| = k"|A]
(vii IfAB=BA=I,then A'=BandB'=(A")'=A
(vii) |4 = |A]
(viiiy (A)1=(aty

(ix) @A)"=@"

SOME ILLUSTRATIONS/EXAMPLES (WITH SOLUTION)

(i) Multiple Choice Questions:

Q.1.If A is 2 X 3 matrix such that AB and AB’ both are defined, then find the order of the matrix B
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(a)2x3 b)3x3 (c)2x2 (d) Not defined
Solution:Let order of B bem X n
-.» AB is defined, ~ No. of columns in A = No. of rows in B
=3=m
Order of B'=nxm
Again .- AB' is defined,-. No. of columns in A = No. of rows in B
=>3=n

So, order of B=m Xn =3 X 3. - Correct option is (b).

2 4| _|12x 4 . .
Q.2.If |5 1| = | 6 x|’ then the possible value(s) of x is/are

(@)1 ®)V3 () =3 (d) +V3
— . 2 4] _|12x 4
Solution: Since |5 1= | P x|
=2-20=2x2-24 = -18+24=2x> =2x?= =>x=+/3

=~ Correct option is (d).

Q.3. If |A| = [kA|, where A is a square matrix of order 2, then sum of all possible values of k is

(@)1 (b)-1 (c)2 (d)0
Solution: |A] = [kA| and n=2
Al =k? |A] (" kA|=k"|A])
>k2=1 >k=+1 = Sum of all values of k=+1-1=0

-~ Correct option is (d).
(ii) Case Based Study Question:

Q.4.To promote the usage of house toilets in villages especially for women, an organisation tried to generate awareness
among the villagers through (i) house calls (ii) letters and (ii1) announcements. The cost for each mode per attempt is (i)

Rs 50 (ii) Rs 20 (iii)Rs40 respectively. The number of attempts made in the villages X, Y and Z are given
below:
@) (i) (i)

X 400 300 100

Y 300 250 75

Z 500 400 150
Also the chance of making of toilets corresponding to one attempt of given modes is:

(1) 2% (1) 4% (1i1) 20%

Let A, B, C be the cost incurred by organisation in three villages respectively.
Based on the above information answer the following questions
(A)Form a required matrix on the basis of the given information.
(B) Form a matrix, related to the number of toilets expected in villagers X, Y, Z after the promotion
campaign.
(C) What is total amount spent by the organisation in all three villages X, Y and Z
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OR
What are the total number of toilets expected after promotion campaign?

Solution:(A)Rs A, Rs B and Rs C are the cost incurred by the organisation for villages X, Y, Z respectively, therefore
matrix equation will be
400 300 1007[50 A
300 250 75 ||20|=|B
40 C

500 400 150
(B) Let number of toilets expected in villagers X, Y, Z be x, y, z respectively

-

Therefore required matrix is

300 250 75 || 4/100

400 300 100”2/100
500 400 1501120/100

L ————

A 400 300 10077[50 20000 + 6000 + 4000 30000
(C).|B|=1300 250 75 [|20|=[15000+ 5000 + 3000| = 123000
C 500 400 1501140 25000 + 8000 + 6000 39000

Total money spent = 30000 + 23000 + 39000 = 92000 Rs
OR

From part (B) the required matrix for the expected number of toilets is:

X7  [400 300 100][ 2/100 84+ 12+20 40
M =1300 250 75 ”4/100] =|6+10+15|= [31]
z 500 400 1501120/100 10+ 16+ 30 56
So, total number of toilets expec ted in 3 villages are =40 + 31 + 56 = 127
(iii) Short Answer Type Questions:
Q5. If x [;] +y [_11] = [150] then find the value of x and y.
Solution: Given x [;] +y [_11] = [150]
éi] + [_yy] = [1SO]or[§§ N ﬂ - [150] So2x—y=10and 3x+y=5
On solving we get x=3 and y = -4
Q.6. If A is a square matrix such that A> = A, show that (I + A)*=7A + L
Solution: LH.S. = (I + A)> =I* + A3 + 3I°A + 31A2
=1+ A%2A+3IA+3IA=1+AA+3A+3IA
=1+A’+3A+3A=1+A+3A+3A=1+7A=R.HS.
(iv) Long Answer Type Questions:
2 2 -4 1 -1 0
Q7.1fA=|-4 2 —4landB = [2 3 4], then find BA and use this to solve the system of equations: y + 2z
2 -1 51 0 1 2

=7, x—y=3and 2x + 3y +4z=

17.
1 -1 0][2 2 -4 6 0 O 1 0 0
2 3 4[—4 2 —4]=[0 6 O]=6[O 1 O]=6I
2 -1 5

0 1 2l 0 0 6 0 0 1

Solution:BA =
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B(€A>=I = B‘l——A=g -4 2 —4
2 -1 5
The given equations can be re-written as, x —y = 3, 2x +3y+4z=17, andy +2z=7

1 -1 0]px 3
~BX=Ciel2 3 4 M =117
0 1 21tz 7

X1 1[2 2 —4][3] 1[12] [2
=X=B"1Ci.e. [y]=g —4 2 —4||17|=2|-6|=|-1
z 2 -1 s5ll7 24] 14

Hence,x =2,y =—-1landz =4

QUESTIONS FOR PRACTICE WITH SOLUTION

QN | QUESTIONS

MCQ (1 MARK)

1

_J0 1 5.
IfA= 1 0],thenA is equal to

0 1 01]

@ o (b)[i 8] (c)[o 1 (d)[(l) 2

2 2x+y 4x) _[7 7y-—13 :
If Cx—7 4x] = [y c+6 |’ then the value of x and y is
(a)x=3,y=1 M)x=2,y=3  (@x=2,y=4  (d)x=3,y=3
3 Which one is not correct
(a) (AB)' =B'A’ (b) A'B' = (BA)  (¢) (KA) =kA’ A=A
4 4 1> 13 2 x 3 .
If |2 1= |1 x| |_2 1|, then the value of x is:
@6 (M3 (©7 @ 1
5 If A is a square matrix of order 3 and |A| =5, then |adj A| is
@5 ()25 (125 (d)y:
6 If A is a symmetric matrix,thenA? is:
(a) Symmetric Matrix (b) Skew Symmetric Matrix (¢) Identity matrix (d)Row Matrix
7 If 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
(2)9 (b)3 (c)-9 (d)6
8 2 A =3
IfA=|0 2 5 |,then Al exists, if
1 1 3
(@) A=2
(b) A#£2
(c) A£-2
(d) None of these

Assertion Reason Based Question:
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(a) Both A & R are true & R is the correct explanation of A
(b) Both A & R are true but R is not the correct explanation of A

(¢ )A is true but R is false
(d)A is false but R is true

9 For A and B square matrices of same order, choose appropriate option
Assertion (A): (A + B)?#A%+ 2AB + B?
Reason (R):Generally, AB # BA

1 3 A+2
Assertion: If the matrix A= |2 4 8 |is singular, then A=4.
3 5 10

Reason[A]: If A is a singular matrix, then |A|= 0.

Short Answer type Questions (2/3 MARKYS)

11 x 2 3
Ifx=-41sarootof [1 x 1| = 0, then find the sum of other two roots.
3 2 x
12 1 1pA= '_41 ﬂ then find (A — 2I) (A — 31).
13 0 1 1
IfX=|1 0 1/, then find the value of (X? - X).
1 1 0
14

. . 1 2 31_[1-7 -8 -9
F1ndthematr1xXsothatX[4 c 6]_ [2 4 6]'
Order of X is 2 x 2 (why)

15 | A matrix A of order 3x3 is such that |A| =4 .Find the value of |2A].

16 cosl5® sin15°

Evaluate | =~ 0
sin75" cos75

17. Express the following matrix as the sum of a symmetric and skew-symmetric matrix,

3 -2 -4
and verify the result: [ 3 -2 —=5].
-1 1 2

Long Answer type Questions (5 ,MARKS)

18 | Solve the following system of equations by matrix method.
3x-2y+3z=8, 2x+y—-z=1,4x -3y +2z=4
19 31 2
IfA=13 2 —3‘, Find A~1. Hence, solve the system of equations :
2 0 -1
3x+3y+2z=1, X+ 2y =4, 2x—3y—z=5
20 -3 -2 -4 1 2 0
IfA=]2 1 2 ], andB=|-2 -1 —2], then find AB and use it to solve
2 1 3 0o -1 1
the following system of equations: x-2y=3, 2x-y-z=2, — 2y+z=3.
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ANSWER

S.N | ANSWER

1 | ANS (d)

2 | ANS (b)

3 [ANS(d)

ANS (a)

ANS (b)

ANS (a)

ANS (b)

ANS (d)

ANS (a)

ANS (a)

— =00 ||| N

— O

Solution :

Expanding along first Row

f(x) =x(x*-2)-2(x-3)+3(2-3x%x)
=x3-2x-2x+6+6-9x

=x3-13x+12

Use the fact that x = -4 1s a root and factorize

f(x) = (x +4)(x* - 4x + 3)
f(x) =x+4)(x- 1)(x-3)
Rootsare x=-4, 1, and 3
The other two roots are 1 and 3. Their sumis 1 +3 =4

12| Solution :
L Y It E PR R I B PR

:{[—21 —21] }{[—11 —22]'}
£

13 | Do yourself:

el

X vyl 2 31_[-7 -8 -9
Now[u VH4 5 6]_[2 4 6]'
Multiplying and comparing the elements we get

X+4y =-7, 2x+5y =-8, 3x+6y =-9 , X+4y =-7 , 2x+5y =-8 , 3x+6y = -9
Solving we get

1 -2
x=[, o]
15 | 2A|=23 % |A|=8%x4=32
Ans 32
16 | ANS:0
17 3 1/2 -=5/2 0 -=5/2 -=-3/2
ANS:| 1/2 =2 -2 |+|5/2 0 —3]
-5/2 =2 2 3/2 3 0
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18 3 =2 03
Let A= |2 1 -1
04 3 2
X
]
Z
8
B=|1
4
Then Above system of equations can be expressed as
AX =B
Or, X=A'B
Al =-17
—1 -5 -1
adj (A) = —6 9 ]
7
—1(8)+1(—5)(1)+(—]1)4
[ l — | —88) +(—6)(1) +9(4)
-108)+1(1) +7(4)
Ans:x=1,y=2and z=3.
19 31 2
Let A=A=1|3 2 -3
2 0 -1
Find A™! (as usual)
3 3 2
LetC=|1 2 0
-3 -1
X
]
z
B=|4
5
Then Above system of equations can be expressed as
CX =B
Or, X=C'B
Using The property (4")~1 = (A471)" Solve the Equations.
20 | Do as illustrated example 7.
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5. COUNTINUITY AND DIFFERENTIABILITY

KEY POINTS:

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

lim £ (x)= f(c)

fis continuous at ¢ if ¢ or

lim f(c—h)= f(c)=1lim f(c +h)

h—0 h—0

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, Rf’ (a) = Li_’f}} MJ{@
h

Left hand derivative, Lf'(a) = ilm fla— hlfh fla)

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

i
L2 [ (f(X))}g{XH[i(g(x})} 100,

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

d
ay 900% 5 [FI1- f0x ff; 6]

dx 9(0)

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

dy _dy du when = dy and Y both exist.
dx du dx du dx
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Rules of logarithmic function

log mn =log m+logn

log log (%) =log m—logn

log (mn) =n log mn

WIS

Change of base rule, log.b =

loge = 1, logl =0, e!°9/®)=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

3
dy _\dt

dx [eff]
dt

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

Second order Derivative: It is the derivative of the first order derivative.

d’y _ _ti_[d_y]
dx?  dx\dx

Some Standard Derivatives:

37| Page



(i) 4 (sin x) =cos x
dx

(iii) g (tan x) = sec? x
dx

(ii) 4 (cos x)=-sinx
dx

(iv) d (sec x) = sec x tan x
dx

L d
(v) i (cosec x) = — cosec xcot X (vi) — (cotx)=- cosec? x
dx ﬂ'x

1

(vn} — (sm x) = — (wiii) E—(c-::-s x)=
1-x?
ix) 3 A=t (x) -—(sec —
(ix) -d;(tan x) T e =
-1 L d . L
(xi) %(msec"l x)—;ﬂ@ (xii) a(cﬁt x)=—
i) 4 (x") =nx"? v 4 stant) =0
(xiii) d—x(x ) =nx (xiv) = (con |
.~ d 1
(xv) ;—x(ex)=fx (xvi) a(lnge x}=;,x:=-ﬂ

(xvii) i{1:1“} =a* log, a,a>0
dx

Logarithmic Differentiation: Let y = [f(x)]g™ ..(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

j—i = [f(0]9 [g% f(x) +g’ () log fﬁﬂ]

MULTIPLE CHOICE QUESTIONS

1. The function f(x) = x| atx =01is

(a) Continuous but not differentiable (b) differentiable but not continuous

(c) Continuous and differentiable (d) discontinuous and differentiable

sinmx fx +0
2.If f(x)= { 5x is continuous at x = 0 , then k is equal to
k, ifx=0
5
(2) — (b) = (c) 1 (d)0

3. Differentiate cos?(x*) with respect to x> is equal to

(a) — cos(2x?) (b) -sin(2x%) (c) sin(2x%) (d) cos(2x?)

4. The derivative of cos x with respect to sin X is
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(a) cot x (b) tan x (c) -cot x (d) —tan x
2
5.1f x=t"and y=1, then =X s
dx

(a) 3/2 (b) 3/4t (c) 3/2t (d) - 3/2t

6. The derivative of cot! (e*) with respect to x atx =0 1is

(@0 (b) 1 (c) (d)-1/2
7Ify= asinsinmx + b cos cos mx then % is
()m’y (b) -m’y (c) my (d) -my

8. The derivative of  log log (x +Vx% + 1) with respect to X is

N N ) _x L
(a)vxt +1 (b) xvVvx*+1 (c)\/m (d) NrrE]
9.If flx)={ax*+1,x>1x+a, x<1 is derivable at x = 1, then the value of a is
(@0 (b)1 (c) 2 (d)2
eBx_e—Sx
10. The function f{(x) = { X #0 is continuous at x =0 for the value of k as
k ,x=0
()3 (b)5 (c)2 (d)8

ASSERTION - REASON QUESTION

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.

1.Assertion : The function f(x) = |x| is everywhere continuous
Reason : Every differential function is continuous .

2. Assertion : If f(x) and g(x) are two continuous functions such that f(0) =3, g(0) =2 and
[f(x) +9()] =5

Reason : If f(x) and g(x) are two continuous functions at x =a , then [f(x) + g(x)] =
[FCOl+ [f (0]
3. Assertion (A): Every differentiable function is continuous but converse is not true.

Reason (R): Function f(x) = [x| is continuous.
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4. Assertion : If a function fis discontinuous at c, then c is called a point of discontinuity.

Reason : A function is continuous at x = ¢, if the function is defined at x = ¢ and the value of the function
at x = ¢ equals the limit of the function at x = ¢

5. Assertion : £ (x) =x" sin sin (=) is differentiable for all real values of x (n > 2).
Reason : Forn>2, [f(x)] =0

SECTION - B (2 MARKS)

1. Differentiate the function w.r.t. x if f(x)= sec [tan(\/E)]

1—-cos4x x=0
2 If the function f(x)= { 8xz '’ 0 is continues at x =0, then find p
b, X =

3. If —2x? —5xy +y? =76, then find

4. Differentiate (i—s) with respect to x
5. Find Z—Z ato = g if x = a(@ — sinfB) and y = a(1 + cos6).
3ax+b ifx>1

6. If the function f(x) given by: f(x) =4 11 if x =11 is continuous at x =1, find the value
5ax —2b ifx<1

of a and b.
3 2_
. ) ) ~ x°+x 16:+20 ifx + 2. )
7. Find the value of k ,if the function f(x) = (x-2) is continuous
k ifx=2
at x =2

8. Check the differentiability of the function f defined by f(x)= |[x-5| atx=5
<
9. If f(X)={ax+b, 0<x<1

2x2—x, 1<x<2 is differentiable function in (0, 2),

then find aand b

10. Differentiate sin®x with respect to e

SECTION - C (3 MARKS)

2
1. If y=Ae™ + B e™, show that d—y—(m+n)3—i+ mny =0

dx?

d?%y
dx?

2. If y =3 cos(logx) + 4 sin(logx) , show that x* +x Z—z +y=0

3 If (cosx)” = (cosy)*, find &y

dx

4. If x = 3cost — 2t, y = 3sint — 2t then show that % =cot cot t.
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5. Iy= (0"~ + (logy)* * find 2.

6. Find Z—z , ify+cos(xy)=k

P2
7.1f xsin(a + y) + sina cos(a + y) = 0, prove that dy - sin(aty)

X sina
8.1f x=yas"'t and y=J/a®s'*  show that x X+ y=0

9.If xy=e*" Y show that ooy
dx x+xy

cosx

_ £y _
10.If y= tan x + sec x , prove that T = Usind)?

SECTION - D (5 MARKS)

2
1. If y= (x+v1+x2)n,provethat (1+x2)3732]+x Z—z—nzyzo

2 If x/T+y +yW/I+x =0 ,-1<x <1, prove that =% =_——

dx ~ (1+x)2

3. If x=a(cost+loglog tan tan E) and y = asint find 2 and &y att=1—
: 2 dx dx?’ 4

4. If (e)*v(x-y) =a, prove that yZ—z+ x= 2y

5 If x=cost(3—-2cos’t) andy=sint(3-2sin’t), find the value of Z—Zatt=§

2
6 If y= log (x+Vx2 + a?),show that (a’+x? Y yxP=o

dx? dx
SECTION - E (Case Study Based Questions) (4 MARKS)
1. 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 and Left hand derivatives are;

— f(a_h)_f(a) alld RHD — f(a'l'h)_f(a)

LHD - 2

lx—3],x>1

For a function f(x) =4{,2 3 13
R L

On the basis above information, answer the following questions;
(1) What is RHD of f(x) atx =1 ? [1]
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(i)  Whatis LHD of f(x) atx=1? [1]
(i11))  (a) check the function f(x) is differentiable at x =1 [2]
OR
(b) Find £ (2) and f*(-1)

2. A potter made a mud vessel, where the shape of the pot is based on f(x) = [x — 3| + | x — 2|, where f(x)
represents the height of the pot.

(1) When x >4 What will be the height in terms of x? 2)
(i) When the x value lies between (2, 3) then find function f(x) [ 2]

3. Sumit has a doubt in the continuity and differentiability problem, but due to COVID-19 he is unable to
meet with his teachers or friends. So he decided to ask his doubt with his friends Sunita and Vikram with the
help of video call. Sunita said that the given function is continuous for all the real value of x while Vikram
said that the function is continuous for all the real value of x except at x = 3.

i

The given function is f (x) = %

Based on the above information, answer the following questions:
(1) Whose answer is correct? (1)
(i1) Find the derivative of the given function with respect to x. (1)

(iii) Find the value of £'(3). (1)

(iv) Find the second differentiation of the given function with respect to x. [1]
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ANSWER KEY
MULTIPLE CHOICE QUESTIONS

1.Option (a)
2. Option (b)

As f(x) is continuous at x =0

= lim 2 = f(0)

[f ()] = fix) atx=0

1,. sinmx _ _ 1 _
= =lim — T=k :g(l)n—k

5x-0

K:

(SR

3.Option (b) Letu= cos’(x’) andv= x°

d : d d .
= = —2 cos(x?) sin(x*) 3 x* and é =3x’ > d—: =4 = —gin (2x%)
dx

dx

4. Option (d) Letu= cos(x) and v= sinx

du
W _ & = _gapx

du . dv
—=--sinx , —=cosx = =
dx dx dv a
dx
dy
. dy _ g¢ _ 3t? d’y 3 1 3
5. Option (b) — =4 =— ary_:2 -2
P (b) dx 9 2t dx2 2 2t 4t
6. Option (d) ——[(e")]=—3; atx=0
dx 1+e2x
-1 -1
141 2

7. Option (b) y= a sinsinmx + b cos cos mx

dy_ . dy_ 2 2
—o =amcosmx —bmsinmx = — =-—am?sinmx-bm? cos mx
= —m?(a sin mx + b cos mx)

= _myz

Zx]_ 1

. dy 1
8. Option (@) = ——=[1+ 55| = ==
9. Option (¢) f(x) is differentiable if LHD = RHD

LHD =%(x+a )=1 and RHD(atx=1)=%(ax2+1)
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=2xa=2a
_ 1
2a—1:>a—§

10. Option (d)  f(x) is continuous if [f(x)] =f(a)

Sh—l

T e = T
=3(1) +5(1) =8
ASSERTION - REASON QUESTION
1.0ption (b)
2. Option (a)
By algebra of limits
[FG)+g)] = [fI]+ [f(] =f(0)+g(0)=3+2=5
3.0Option (b)
4. Option (b)
5. Option (d)
[f(x)] = il_?’)% x™ sin sin G) =0 for positive integer n
F(0) does not exits

F is not continuous

SECTION - B (2 MARKS)

L. y= sec sec [tan(Vx)]
% = sec sec [tan(vx)] tan tan [tan(Vx)] %( tan(vx) )

= sec sec [tan(vx)] tan tan [tan(Vx)] sec? (Vx) %

2.As f(x) is continuous at x =0

[f(x)] = f(x)atx=0 = lim 1—cos4x

x-0 8x2

1]

. 2sin®2x . [sin2x]?
P=Ilim =lim [ ]

x—0 8x x-0L 2x

P=1
L Cox? — 2y = 4 y L]
3.dx( 2x 5xy+y)—dx(76) :-4x—5[xdx+y+2ydx]—0
ay ay _
=>-4x-5xa—5y—10ya—0

:%(—10y— 5x) = 4x + 5y
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dy —(4x+5y)

dx 10y + 5x
5)6
4y=(%)
dy  x55*log5—-5¥5x* x*5%(xlog5-5) 5%(xlog5—>5)
—_ = = = —
dx X10 x10 x6

5.x = a(@ —sinB)and y = a(1 + cos0).

dx _ d_y _ .
T a(l — cos0) , o = asin
d_y _ ;l:g __ —asinf —Zsin(g)cos(g) _ 6
dx % a(1—cos6) Zsinzg
dy 4 4
D o=t 3
dx 6
6. As f(x) is continuous at x = 1

11
LHL = [5ax — 2b] = 11
Sa-2b=11 ... (1)
RHL =[3ax + b] = 11
Ba+b=11.....cciiiiiii
Solving (i) and (ii)) a=3andb=2
7 As f(x) is continuous at x = 1

[f ()] = f(x) atx =2

[x3+x2—16x+20]
(x-2)2

Ol =f@) =k = Lm

2 4 3x—10)(x—
w] = lLim(x +5)
X—

K=lim o2

x-0

K= 2+5=7

8. As f(x)= |x-5]

fx)={(x—=5), x=5—-(x—-5), x<5
f(x) is differential if LHD = RHD

LHD = [~(x = 5)] = -1 RHD=£[(x—5)] =1

LHD = RHD

F(x) is not differential at x =5
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9.

f(x) is differentiable atx=1 € (0,1)= LHD=RHD atx=1

LHD=%(ax+b) =a and RHD=%(2x2 —x)=4x-1=@4-1)=3
a=3
since differentiable function is continues
f(x) is continues
atb=1=>3+b=1=>b=-2
10 Let u=sin’x and v=e*
A _ ) sin x cos X , D ecostginy = L _ Zd:zz _2cosx
d dx dv &2 ecos
SECTION -C (3 marks)
1LIf y=Ae™+Be™,............ (i)

d
ﬁ = Am e™ + Bn e™

d2
_de = Am?e™ + Bn?e™
L and y,we get

_ @y ay : @y
LHS = - (m+n) —_ T mny, After putting value of —, —=

x2
=0
2.y =3 cos(log x) + 4 sin(log x)

& _ o 1 1
™ 3sin(logx) ~+ 4cos(logx) "

x% = —3sin(logx) + 4cos(logx)
d’y | dy _ 1 4 1
—t--=-3 cos(logx) — —4 sin(log x) -
2 &y dy
dx? x dx y

d?y dy
2 _
X —+4+x = =0
dx2+ dx+y

3.(cosx)? = (cosy)*

Taking log of both sides; ylog (cosx) =xlog(cosy)

1 . dy 1 . dy
-y — =2 =
y osx sinx + log (cosx) . X o5 siny _+d log( cos y)

-ytanx +log(cosx) 3_3: = —x tany g_i/ + log( cos y)
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dy _ log(cosy)+ytanx)
dx x tan y+ log(cosx)

4.x = 3cost — 2t, y = 3sint — 2t
dx . 2 .
i -3sint+6cos“tsint ,

dy
d_y_ ac 3cos t—6 sin2t cost = cott

2 = 3cost — 6 sint cos t

dx 9 3sint+ 6cos2tsint
S. y = (x)"8* + (logx)*
y=ut+y > D_d v (i)
T T o e
u=(x)2x = log u = logx (log x)= (logx)>
l di _ 2logx
u dx x
du _ 2logx] _ x [2logx
it e Rl Ol e IR
v=(logx)* = logv =x log(log x)
1 dv _ 1 dv 1
bl Togx + log(logx) = = (logx) [logx + log(log x)]
a 0gX Zl X 1
ﬁ = (x)log [—i‘gx] +(logx) [logx + log(log x)]
6. y+cos(xy)=k
. dy . dy _
2 siny cosy ——— sin(xy) [XE + y]— 0
. dy . dy , _ day _ ysin(xy)
Sin2 y = xsin(xy) - ysin(xy) =0 = T = Sinzy—msinG)

7. xsin(a+y) + sinacos(a+y) =0
xinla+y)= — sinacos(a+y) =>x=

dx . sina
— = sina cosec*(a+y) = ———
dy sin?(a+y)

8.x=vat and y=+vat

X=Va i (), y = Vab .

multiplying (i) and (i) ; xy=+Vaf Vat

T
Xy = Jatteos™it = |qz

dy _
x;+y—0

Zsina cos@ty) — _sina cot(a + y)

x sin(a+y)

dy _ sin%(a+y)

dx sina
)

47 |Page



X y =e X-y
Taking log of both sides;  log(xy) =x-y

1[_d d d
1 Xﬁﬂ’]:l—ﬁ = (x+xy) = (xy —y)

dy _ (xy-y)
dx (x+xy)

1+sinx dy cosx(cosx)—(1+sinx)(—sinx
10. y=tanx+secx =>y= =>—= (cos0) X
cosx dx cos?x
dy _ 1+sinx _ 1+4sinx _ 1
dx  cos?x 1-sin?x 1-sinx

d?y _ cosx
dx? (1-sinx)?

SECTION - D (5 MARKS) [ HOTS]

1 y= (x +V1+ xz)n R ¢ )

dy _ n(x+\/1+x2)n N dy _ ny
dx V1+x2 dx  Vitx2

V1+ x2 Y- ny
dx

R . a’y 2x__dy dy
./ 2 4y @ _ 2
Again differentiate; 1+x T o - e
(1+x2)d_y+xd_y=n\/1+x2 ny :(1+X2)d2_y+x d_y_nz :0
dx dx V1+x? dx? dx y

2. If x{1+y+yJvl4+x =0
x1+y =yvl+x

squaring both sides ; = x*>(1 +y) = y?(1 + x)
X2 —y? = y?x — x2y
x-y)x+y)+xyx-y)=0

(Xx—y)+xy=0 =y=—- on differentiation;

1+x
dy _ -1
dx  (1+x)2
3. If x=a(cost +loglog tan tan %) and y = asint
dy t
; x = a(cost +log log tan tan E)

Y=asint :Ezacost 5

dx .
— = —sint + cosect
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dy cost
— =4 = ———— _=tant
dx i —sint+cosect

dt
= sec’t— = sec3t tan't
dx

=T &y _
At x=7, —==2V2

(e)*¥(x-y) =a
taking log of both sides ; log (x—y) + xf—y =log a

on differentiation;

L(1—d—y)+x—y—x(1—d—y)=0

x-y dx dx
dy
— 4 X= 2
Y y
x=cost(3-2cos’t) and y =sin t (3 -2 sin’t)
dx . 2 . dy )
E=—35mt+6cos tsint Echost—6s1n t cost
dy . .
dy _ gr _ _3cost—6sin’tcost  _ cost(1-2sin’t) _ cost cos2t _ cot t
dx % —3sin t+6 cos?t sint sint(2cos2t—1)  sint cos2t
d b4 b4
= (att=—)=cot—=1
dx 4 4
6. y=log (x + VX2 + a%)ueeeeeirerneeennnnnn. (i)
dy 1 [1 + 2x ] _ 1
dx  x+VaZ+x2 2vVa?+x? va2+x2

Again differentiate;

d’y —x
aez . .3
ax (x2+a?)2
d?y —-x d?y dy
24 ¢2) _ 24 <2) —
a*+x = = (a*+x X =0
( dx?  VaZ+x2 ( dx? + dx

SECTION - E (Case Study Based Questions) (4 MARKS)

1. () RHD= [0 = i EEHE =
2
(i) LHD = [(=RD) = [h_zflh] =1

(iii)(a) since LHD =RHD=-1atx=1
F(x) is differential at x =1

OR

Mb) f(x)=(3—x 1<x<3-_34 DB y<q
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F (x)={-1 1<x<3i-2 x<1
F'Q=-1 andF‘(-1)=‘71—§=—2
2. f(x)=|x-3|+|x-2|,
f(x)=(5-2x,x<21 , 2<x<32x-5 ,x>3

i) when x> 4,f(x) =2x -5

(ii) When the x value lies between (2, 3) ,then
Fx)=1, x€(2,3)
3. (i) Vkram’s answer is correct .

Mf0=57 =x+3=/w=1

(i) fx) =x+3 >f(3)=1
(iv) fx) =x+3=f(@)=1

f'x) =0
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Application of Derivatives
(Volume I)

Rate of change of Quantities

Previous knowledge:-

1. Formulae of area and volume of 2D and 3D objects:

Perimeter of square = 4 sides, Perimeter of rectangle = 2(1 + b), Perimeter circle = 27nr,

Perimeter semi circle= tr, Area of rectangle = length x breadth, Area of parallelogram = base X height

) 1 . ) ..
Area of triangle = > base X height, Area of circle = 7 2, Area of semi circle = %

2

Slant height of a cone [ = Vh? + r?2, Curved surface area of cone = mrl,

2
Total surface area of cone = rr(r 4+ 1), Volume of cone = u, Curved surface area of cylinder = 2nrh,
3 y

Total surface area of cylinder = 27r (r + h), Volume of cylinder = tr2h, Curved(Total) surface area of

4 .
sphere = 4 7 2, Volume of sphere = 3 mr3, Curved surface area of hemi sphere = 2 7 72, Total surface area

of hemisphere = 3 7 2, Volume of hemisphere = 2 nrs,

Meaning of rate of change of quantities:

1.

... d . . .
The derivative d—i represents the rate of change of distance s w.r.t. time t. In the similar way
whenever one quantity y is changing with respect to another quantity x, satisfying some rule,

d . . .
then é represents the rate of change of y w.r.t x. To find the instantaneous change in y with

.. [d
respect to X, when x = xo then it is [—y]
dxly= x,

If two variables x and y are varying w.r.t. another variable t, that is x and y both are functions of

. dy _dy _dt .,.d
tthenbychamrule—yz—yx—,Lf Zx0
dx dt dx dt

The function C(x) is called the total cost function, where x is the production of units of items and

marginal cost is the instantaneous rate of change of total cost at any level of output.
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4. The function R(x) is called the total revenue function, where x is the production of units of items and
marginal revenue is the instantaneous rate of change of total cost function w.r.t to the production of x

units.
Increasing and Decreasing Functions:-
Previous knowledge:-
Let I be an interval contained in the domain of a real valued function f. Then f is said to be

(i) increasing on | if x1< x2 in | = f(x1) < f(x2 ) for all x1, x2€ I

(ii) strictly increasing on |, if x1< x2 in | = f(x1 ) <f(x2 ) forall x1 , x2€ 1.
(iii) constant on |, if f(x) = c for all x € |, where c is a constant.

(iv) decreasing on lif xi< x2 in I = f(x1) 2 f(x2 ) for all x1, x2€ 1.

(v) strictly decreasing on | if xi< x2 in | = f(x1 ) > f(x2 ) for all x1, x2€ L.

1
Q.1 The Maximum value of [x(x — 1) + 1]3, 0<x<l is:

(a) 1 (b) % (01 (d)0
Q.2 For which interval is f(x)=3x?—4x strictly decreasing?
(a) (~02) (b) (0,2) (©) 5 ) (d) (~o0, 00)
Q.3 The function y=x’e™ is decreasing in interval
(a) (0,2) (b) (-0,0) (c) (2,0) (d) (-90,0)U(2,%0)

4 Assertion (A): f(x)=sin x and f(x)=cos x are both decreasing in the interval [E,n].
Q g 2

Reason (R): The derivative of a decreasing function is also decreasing in the same interval.
(a) Both Assertion (A) and Reason (R) are true, and R explains A.
(b) Both A and R are true, but R does not explain A.
(c) A is true; R is false.
(d) A is false; R is true.
Q.5 Assertion: The maximum value of f(x)=sin x+cos x for 0<x< g is at x= % .
Reason: {'(x)<0 at x= %-
(a) Both Assertion (A) and Reason (R) are true, and R explains A.
(b) Both A and R are true, but R does not explain A.
(c) A is true; R is false.
(d) A is false; R is true.

Q.6 For the curve y = 5x — 2x? , if x is increses at the rate of 2 units/sec.,then find the rate of change of slope of
the cuirve when x=3.
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Q.7 The amount of pollution content added in air in a city due to x- diesel vehicles is given by

P(x)=0.005x+0.02x>+30x. Find the marginal increases in pollution content when 3 diesel vehicles are
added.

Q.8 Show that the function f defined by f(x) = (x-1)e* +1 is an increasing function for all x>0 .

Q.9 The sides of an equilateral triangle are increasing at the rate of 2 cm/ sec. Find the rate at which the area
increases ,when the side is 10cm.

Q.10 The volume of a spherical balloon is increasing at the rate of 3 cm? / sec. Find the rate of increase of its
surface area, when the radius is 2 cm.

SOLUTIONS:

2x-13 . . 1
Q.1 f(x)=—=—"5; critical point at x= -
3[x2—x+1]3 2

1

At endpoints: f(0)=f(1)=1 ; at critical point: f(%) = Z§< 1
Maximum value is 1, occurring at x=0 or x=1
Answer: (c) 1

Q.2 f(x)=6x—4.
Decreasing means f'(x)<0 = 6x—4<0 = x<2/3
Answer: (a) (—oo,é).

Q.3 f(x)=e™(2x—x?)
Decreasing means f'(x)<0 = x(2—x)<0 =x<0 or x>2.
Answer: (d) (-0,0)U(2,0).

Q.4 (Assertion):
On (g,n),

sin X: derivative cos x < 0=>sin x is decreasing.
Also,cos x:derivative —sin x < 0 =cos x is decreasing on (0,T).

Assertion is true.
R (Reason):

The statement “a differentiable function that is decreasing has a derivative that is also decreasing ” is
incorrect.

Counterexample: Take f(x)=sin x . On (0, g ),f is increasing, but its derivative cos x is decreasing. This

shows the derivative need not follow the same monotonicity direction as the original function.
Reason is false.

Answer: (c¢)

Q.5 Assertion:

53| Page



f'(x)=cosx—sinx,Put f'(x)=0=tanx=1 =>x=%.

Second derivative test:
f'(x)=—(sin x + cos x ) = f'(g)= —/2 <0.

. . Vs

confirming a local maximum at x= T
Since sinx+cosx is continuous and differentiable on (0, g ), the critical point gives the absolute maximum
within that open interval.
Therefore, Assertion (A) is TRUE.
Reason (R):

' T
f'(x)<0 at X=.
This statement follows from:
f'(x)=—(sinx + cos x ) = f'(%)Z —/2 <0.
A negative second derivative indicates concavity downward, which confirms that X:% is indeed a maximum.

Therefore, Reason (R) is TRUE
Answer: (a)
Q.6 Slope of the curve
y’=5-6x% ,
Since dx/dt=2 units/sec., slope’s rate wrt time:

dyr dyr dx

= = -12x.2 = -24x units/sec.

When x=3, slope’s rate wrt time = -72 units/sec.
Q.7 P(x)=0.005x3+0.02x%*+30x
P'(x)=0.015x>+0.04x+30
= P'(3)=0.135+0.12+30=30.255
Q.8 f(x)=(x—1)e*+ e* = xe*
For x>0:
Since e* is always positive and x is positive,
SO
f'(x)=xe* >0 for all x>0.
Because the derivative f'(x) is strictly positive for all x>0, f(x) is strictly increasing over that domain.

Q.9Let x cm be the side and A be the area of the equilateral triangle at time t.
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: . d
Rate of change (increase) of side x w.r.t. t = d—f = 2cm/sec.

dA_V3 ., d 3
Rate of change of area w.r.t. t = d_f: \/sz.d—: = JTX.Z = /3 x cm?/sec.

Q.10 Let r be the radius, V be the volume and S be the surface area of the spherical balloon at any time t.

V= %T[I’S and S= 4 mr?

Rate of change (increase) of volume w.r.t. t =3 cm?/ sec.

av
i 3
Now, V=2 => ¥ 23728 o 3 g™
3 at 3 dt dt
=Y 3 /472
dt
Now , S= 4 12 = £ = 8mr& = 8rr(3/4me2) = £ = & =2cm?sec.
dt dt at 3

Practice Questions on rate of change:-
(1 Mark)
Q 1. Find the rate of change of the area of circle with respect to the radius r, when radius r = 5 cm.
Q 2. The total cost C(x) in rupees, associated with the production of x units of an item is given by
C(x) =0.007 x> — 0.003 x> + 15 x + 4000. Find the marginal cost when 17 units are produced.
Q 3. The total revenue R(x) in rupees received from the sale of x units of a product is given by
R(x) = 13 x* + 26 x + 15. Find the marginal revenue when 7 units are sold.
(2 Marks)
Q 4.A stone is dropped into a quiet lake and waves move in circles at the speed of Scm/sec. At
the instant when the radius of circular wave is 8§ cm,how fast is the enclosed area increasing?
Q 5.A balloon, which always remains spherical on inflation, is being inflated by pumping in 900 cubic
centimeters of gas per second. Find the rate at which the radius of the balloon increases when the
radius is 15 cm.

Q 6.A ladder 5 m long is leaning against a wall. The bottom of the ladder is pulled along the ground
Away from the wall at the rate of 2cm/sec.How fast is its height on the wall decreasing when the foot

of the ladder is 4m away from the wall?
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Q 7.Sand is pouring from a pipe at the rate of 12cm?/s. The falling sand forms a cone on the ground in such a
way that the height of the cone is always one-sixth of the radius of the base.How fast is the height of the
sand cone increasing when the height is 4 cm?

(3 Marks)
Q 8. A man of height 2 meters walks at a uniform speed of 5 km/s away from a lamp post which is 6 meters
high. Find the rate at which the length of his shadow increases.
Q9. A car starts from a point P at time t = 0 seconds and stops at point Q. The distance x, in meters,

covered by it, in t seconds given by :

x=t2(2—§).

Find the timetaken by it to reach Q and also find distance between P and Q.

Q 10. A water tank has the shape of an inverted right circular cone with its axis vertical and vertex
lowermost. its semi vertical angle is tan '(0.5). Water is poured into it at a constant rate of 5 cubic meters
per hour. Find the rate at which the level of the water is raising at the instant when the depth of water in

the tank is 4 m.

Answers: 1. 10 T cm?/cm 2.Rs. 20.967 3.Rs. 208 4.80 T cm?/s
52em/s 6. 8/3cm 7—— cm/s 8.2.5 km/s
T 481
9. t =4 sec. Distance = 32/3 m. 10. 35/88 m/h
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7. INTEGRATION

MCQ:- (IMARK)

If +-(f(x)) = log x, then f(x) equals:
(a) _71+C (b)x(logx-1)+c (©)x(logx+x)+c (d) §+c

s
s 20, _ T : .
Jesec?(x 2) dx is equal to:

(a) % (b) - % (©)V3 (d) —V3

Iff’(x):x+§,thenf(x)is
2
(@) x2 + loglx| + ¢ (b) x?+ loglx| + ¢ (c)’z—c+ loglx| + ¢ (d);— log|x| + ¢

foz V4 — x? dx equals
(a) 2log2  (b)-2log2 ©)7 (d)

fbf(x) dx is equal to:
@ [ fa—x)dx
) [ fla+b—x)dx
(©) fff(x —(a+b))dx
@ ["f((a—x)+(b—x))dx

™ .

= sinx—cosx .
2 —————dx is equal to:
0 1+cosxsinx

2sinx

(a)m B Zero(0) () fim2 gy (@) :

b 1+cosxsinx
f f(x)dx = 0.if:
a

@ f(=x) = f(x)

(b) f(=x) = —f(x)
(© fla—x)=f(x)
(d) fla—x)=—f(x)

f e*(cosx — sinx)dx is equal to

(a) e*cosx + ¢
(b) e*sinx + ¢
(c) —e*cosx + ¢
(d) —e*sinx + ¢

The value of f03 \/gd_xT is:

@ O; ©F (d)

10

The value off_l1 x|x|dx is:
@z ()3 (©—% (d)0

Short Answer Type Questions (2/3 Marks)

11

1 1
Evaluate:fex< )dx

x  x?

12

Evaluate:

J. e*(tanx + logsec x )dx

57| Page



13 Evaluate f ;dx
4x%2 —4x + 3
14| Fing: ) S R—
(x2+4)((x2+9)
15 X
Find: f x2+1)(x2+2) dx
16
Find: fm
17 4
Find the value off |x — 5| dx
1
18 | Evaluate: ff[lx — 1]+ |x = 2] + |x — 3|]dx
Long Answer type Question
19 L
Evaluate: [ NEETTTEET
20 | Evaluate: fozn;.dx
1+esmx
21 SinlOOx
Evaluate: fz m
22
. 3
Evaluate: fg . W
23 | Evaluate: fg _amx
secx.cosecx
Answers
1 X(logx-1)+c
2 1
V3
3 x?
- + log|x| + ¢
4 T
5 b
f(a+b—x)dx
a
6 Zero(0)
7 f=x) = —f(x)
8 e*cosx + ¢
9 T
2
10 |0
11 | Using property
JeX(f(x) = f'(x))dx=e*f(x) + ¢
=le* +¢
X
12 | Using property
JeX(f(x) = f'(x))dx=e*f(x) + ¢
—e" log secx +c¢
13 _1 2x—1
2\/_ ( )
14 | Putx?
t A N B
t+4)(t+9) t+4 t+9
A=-4/5
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B=9/5
2_?2 tan™? (32—5) + gtan_1 (g) +c

15 |Putx?=t¢
2xdx=dt
_ x2+1
710g(x2+2) te
16 %sin‘l(z?x)+c
17 | 1572
18 |5
19 | 5x+3 =4 (x? +4x + 10)+B
A=5/2 ,B=-7
=5vVx2 + 4x + 10 -log[(x+2)+ Vx2 + 4x + 10] +c¢
20 | apply property
a a
f fx)dx = j fla—x)dx
0 0
I=n
21 | Using property f_aa f(x)dx =2 foa f(x) dx, when f(x ) is even.
_ T
2
22 | Use property f:f(x) dx = f; fla+b—x)dx
p) C
6
==
12
23 | Convert the problem in sinx and cosx
Then apply property
a a
f f(x)dx = f fla—x)dx
0 0
a4
Work Sheet
secx
Lo [ —dxequals:
(a) secx —tanx + ¢
(b) secx + tanx+c
(c) tanx — secx + ¢
(d) —(secx + tanx) + ¢
2 Antiderivative of V1 + sin2x, x € [0, ﬂ is:
(a)cosx + sinx (b) —cosx + sinx (c) cosx — sinx  (d) —cosx — sinx
3 1 x34|x|+1
f—l mdx equals to
(a)log2 (b)2log2 (c)logx (d)2
4 The value off_lllxldx is:
(a) -2 (b)-1 (o1 (d)2
5 The primitive of is
1+cos2x
(a)sec®x (b)2sec®xtanx  (c) tanx (d)-cotx
6 Find : [ — L ix
x(Vx+1)(Vx+2)
7 A
Evaluate: | e—dx
8 | Evaluate: fon .
1+sinx
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Evaluate: ff[lx — 1] + |x — 2]]dx

10

2
(x2+1)(1-x) dx

Find: |

Hints and Answers

1 3 1 loa3
20 109 )
Hint: Proceed with cosx = K(3cosx + sinx) + L — (3cosx + sinx)
2 1/
E (E - lOgZ)
Hint: Use identity cos2x = cos?x — sin®x the proceed
3 1242
4 1
70 log9
5 n? N 1 loa?
16 4 29
Hint: Use integration by Parts
6 T 1
4 2
Hint put x’=t then rationalize
7 Use Property P4
8 m?
Hint: break the problem in [1+12
9 2 log2
10 3r+1
2
Hint: Use additive property and break the problem in two parts by finding critical points.
11 xy _ x 1
log(xe*) —log (1 + xe )+1+xex+ C
Hint: put xe*=t and proceed with substitution.
12 1 1-x(Hx—-2)-sinWx+c
Hint: Put x=t* proceed with substitution.
13 1 V3+(sinx—cosx) 1y
5 ﬁlog B (sinx—cosm) + tan™ " (sinx + cosx)
Hint; convert the numerator in the form (sinx + cosx) + (cosx — sinx)
H 11 lx* + 3x2 + 2| 31 L +
4091 T ox 499212 "¢
Hint:- x? = t then proceed with substitution.
15 1 1
-3 logcos3x + Elogcost + logcosx + ¢
Hint:exapand using tan(2x + x) = 3x
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8. APPLICATIONS OF THE INTEGRALS

v
b b b y=r R
** Area of the region PQRSP =[dA =y dx = [f(x) dx . g
a a a . ¥
- x=b
X&g ¥ dx o X
¥
y=d
** The area A of the region bounded by the curve x = g (y), \
y-axis and the lines y = ¢,y =d is given by " X 1
d d ‘
A= [x dy=g(y) dy Z e
c c K y=c X
4
MCQ
1 Find the area enclosed by curve 4 x%+ 9 y>=36
(a) 61 sq units (b) 4 sq units
(c) 911 sq units (d) 3671 sq units

2 The area enclosed between the graph of y = x> and the lines x =0, y = 1, y=281is
(a) 7 (b) 14 (c)45/4 (d)None of these

3 The area of the region bounded by the curve y? = x, the y-axis and betweeny =2 andy =4
is

(a) 52/3 sq. units (b)54/3 sq. units

(c) 56/3 sq. units (d)None of these

4 The area of the region bounded by the curve x*> = 4y and the straight line x =4y — 2 is
(a) ¥s sq. units  (b) ¥ sq. units (c)”s sq. units  (d) 9/8 sq. units

5 Area of region bounded by the curve y? =4x, and its latus rectum above x axis
(@) 0sq units (b) 4/3 sq units (c) 3/3 sq units (d) 2/3 sq units

Short Answer Type Question

1. Find the area bounded by the line y = x, x-axis and lines x =— 1 to x = 2.

2 Find the area between the curvesy =xand y = x> .

Short Answer type questions (Unsolved)

1. Find the area of the region bounded by the curve y=sinx between the lines x=0 , x=mn/2
and the x-axis.
2. Find the area enclosed between curves y = 4x — x2, 0 < x <4, x-axis
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Bt

Find the area enclosed between y 2 = 4ax and its latus rectum.

[N

Find the area bounded by the curve y = cos x between x =0 and x = 2n

ASSERTION - REASON TYPE QUESTIONS:

Directions: Each of these questions contains two statements, Assertion and Reason. Each of these questions
also has four alternative choices, only one of which is the correct answer. You have to select one of the
codes (a), (b), (c) and (d) given below.

(a) Assertion is correct, Reason is correct; Reason is a correct explanation for assertion.

(b) Assertion is correct, Reason is correct; Reason is not a correct explanation for Assertion

(c) Assertion is correct, Reason is incorrect

(d) Assertion is incorrect, Reason is correct

1. Assertion : The area bounded by the curve y = cos x in I quadrant x=0, and x= % is 1 sq. unit.
Reason : [?cosxdx = 1

2. Assertion : The area bounded by the circle x>+ y* = a? in the first quadrant is given by [ Oa Vva? — x? dx
Reason : The same area can also be found by

2
j\/a2+x2 dx == a? + x? +a7log|x+\/a2+x2|+c

2

3.Assertion : The area bounded by the circle y = sin x and y = —sin x from 0 to 1 is 3 sq. unit.
Reason :The area bounded by the curves is symmetric about x-axis.

Long Answer Type Questions : (Unsolved)

% 2

2
QL. Find the area of the region bounded by the curve = +

a

y _
ﬁ_l’

Q2 Using the method of integration find the area bounded by the curve |x|+|y| =1

CASE STUDY QUESTION

1 In the figure given below O(0, 0) is the center of the circle. The line y = x meets the circle in the first
quadrant at point B. Answer the following questions based on the given figure.
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1
— .u =X
B
X'e | A

() N‘ ("\2.(”
(1) The equation of the circle is
(i1) The co-ordinates of B are
(ii1) Area of AOBM is sq. units.
(iv) Ar (BAMB) = sq. units.
(v) Area of the shaded region is sq. units.

2. Consider the curve y? = 4x and straight line x + y = 3 and answer the following questions based on the

same.
(i) The line x + y = 3 intersects x-axis at and y-axis at
(i1) The point(s) of intersection of the two curves is(are)

(ii1) The area bounded by the given two curves can be represented as

(c) 1"?%’( (d) None of these

V'Y

(iv) Value of the integral f_26(3 — y)dy is

Answer

1] Answer: (a) 61 sq units
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Explanation:
4x2+9y?*=36
a9y

36T 36 = 1

XZ
Iy +
a=3 , b=2

Area ofellipse =mab =1m3.2 =61 sq. units.

Answer: (c) 45/4
Explanation:
Given curve, y=x’ or x = y'3.
1
Hence, the required area, A = fls y3 dy
A=[")E3L®
Now, apply the limits, we get
A =(%)(16-1)
A =(3)(15)=45/4.
Hence, option (c) 45/4 is the correct answer.

Answer: (¢) 56/3

Explanation:

Given: y> =x

Hence, the required area, A = o y2 dy
A=[y/3]*

A= (4/3) - (2°3)

A =(64/3)—(8/3)

A =56/3 sq. units.

Answer: (d) 9/8 sq. units

Explanation:
/2 1 o 1 2 3
For the curves x> =y and x = 4y-2, the points of intersection are x = -1 and x = 2.
. 2 2 2
Hence, the required area, A = f_ ) (% - x:) dx

Now, integrate the function and apply the limits, we get
A = ()[(10/3)-(-7/6)]

A = (%)(9/2) = 9/8 sq. units

Hence, the correct answer is option (d) 9/8 sq. units

Ans (b) 4/3 sq units

Short Answer Type Question

¥
Sol. We have, y = x, a line L | y=x
Required Area = Area of shaded region

= |f0xax + [Pxax = [+ L

2 2

=1 0

/ x=2
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ITHRE 1_5 .
= |——|+|—| = 2+ - = =sq. units
2 1 2 2

The required area is symmetrical about the origin as shown in the diagram, So
Required Area = 2 fol(x —x3) dx

Short Answer tvpe questions (Unsolved)

Ans 4 sq units

Ans. 32 /3 sq. units

Ans. 8 a%/3 sq. units.

Ans. 4 sq. units

ASSERTION - REASON TYPE QUESTIONS:

Ans (a) [Zcosxdx = [sin x]}/? =sin§ -0 =1

Ans. (b)

Ans. (d)

Long Answer Type Questions : (Unsolved)

Ans. mab.

Ans. 4 sq. units
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9. DIFFERENTIAL EQUATIONS

Definition: An equation involving derivatives of the dependent variable w. r. t independent variable/s is known
as a differential equation.

(fferenti ons are: 2 = %, £3 4y = 0, LY 4 4z (L)
Examples of differential equations are: -~ =e*, - +y = 0,5 +x* (=) =0.
Order of a differential equation: Order of a differential equation is the order of the highest order derivative.
The differential equations given above involve the highest derivative of first, second and third order
respectively. Therefore, the order of these equations are 1, 2 and 3 respectively.

Degree of a differential equation: Degree of a differential equation is the highest power of the highest order
derivative in it and it is defined if it is a polynomial equation in its derivatives.
Consider the following differential equations:

3
dy 2 d%y d%y dy 3 . " ’ . /
1+ (2) | =92 82+(2) =siny, 0" + ) = xsin (")

The degree of the first two differential equations given above are 1 and 3 respectively whereas the degree of
the third equation is not defined as it is not a polynomial.

Order and degree (if defined) of a differential equation are always positive integers.

Solution of a differential equation: A function which satisfies the given differential equation is called its
solution.

General Solution of a Differential Equation: The solution which contains arbitrary constants is called the
general solution (primitive) of the differential equation.

Particular Solution of a Differential Equation: The solution free from arbitrary constants i.e., the solution
obtained from the general solution by giving particular values to the arbitrary constants is called a particular
solution of the differential equation.

Methods of Solving First Order, First Degree Differential Equations:

Differential equations with variables separable: A first order-first degree differential equation is of the

If F(x, y) can be expressed as a product g (x) 4(y), where, g(x) is a function of x and A(y) is a function of y,
then the differential equation (1) is said to be of variable separable type.

The differential equation (1) then has the form Z—z =h(y).g(x). coviiiiii, 2)

If h(y) # 0, separating the variables , the equation (1) can be written as

dy =g)dx ..c.cooiinnil. 3)

1
h(y)

Integrating both sides of (3), we get

Tl U ICOLE SO )

Thus, (4) provides the solutions of given differential equation in the form

H) = G(x) + Cvveveen. (5)

Here, H (y) and G (x) are the anti-derivatives of ﬁ and g(x) respectively and C is the arbitrary constant.
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Homogeneous differential equations: A differential equation of the form % = F(x,y) is said to be

homogenous if F(x, y) is a homogenous function of degree zero.

To solve a homogeneous differential equation of the type

dy _ R
L= Fay) =g(Y) s (1)
We make the substitutiony = v.x ............. (2)

Differentiating equation (2) with respect to x, we get

b _ w
o Ut X 3)

.- d . . .
Substituting the value of d—i from equation (3) in equation (1), we get

d
v+x£=g(v)

v rdx
Jomr = [T+ C 6)

Equation (6) gives general solution (primitive) of the differential equation (1) when we replace v by %

v' If the homogeneous differential equation is in the form Z—; = F(x,y) where, F(x,y) is homogenous

function of degree zero, then we make substitution 5 =vi.e.,x = vy and we proceed further to find the

general solution as discussed above by writing Z—; =F(x,y)=h G)
Linear differential equations: A differential equation of the form
% + Py = Q where, P and Q are constants or functions of x only, is known as a first order linear differential

equation.

To solve the first order linear differential equation of the type
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dy _
TPy =0 (1)
Multiply both sides of the equation by a function of x say g (x) to get
d
g Z+P(g))y =Q.g(x) ovvore Q)
Choose g(x) in such a way that R.H.S. becomes a derivative of y . g (x).
. dy d
Le.g(x)—+P.g(x).y = —[y.g(x)]
d d ’
org() ==+ P.g(x).y = g() - +y.9'(x)
= P.g(x) = g'(x)

p=9®
Or 9

Integrating both sides with respect to x, we get

Sy UE))
dex—fg(x)dx

Or [ Pdx =log(g(x))

Or g(x) = el Pax

On multiplying the equation (1) by g(x) = eJ PAX the L.H.S. becomes the derivative of some function of x and y.

This function g(x) = el PA% s called Integrating Factor (1.F.) of the given differential equation.

Substituting the value of g (x) in equation (2), we get

edexZ_;’_l_Pedexy — Q.edex

Or %(yedex) — Q.edex

Integrating both sides with respect to x, we get

y.el Pax = f(Q.edex)dx
Or y=e TP¥ [(Q.elP¥)dx + C

which is the general solution of the differential equation.
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EXERCISES

MULTIPLE CHOICE QUESTIONS

3
d’ d
1) The order and degree of the differential of the differential equation ( 7 y} _5Y +6=0is

2
X dx

(A)2,3 B)3,2 O 11 D)O,3

d
2) The order and degree of the differential of the differential equation y = px ++/1+ p* , where p = d_y is
X

(A) 1, % (B) 1,2 ©)2,1 (D) 2,2

d’ . (d
3) The order and degree of the differential of the differential equation d—f +sin (d_yj =0is
X x

(A)2,1 B) 1,1 (C) 2, degree is not defined D 1,2

4) The solution of the differential equation cos (Z—z) =a,a ERis

1

(A)y =sin"la+c (B)y =xsin"lx+c (©O)y=xcos""a+c (D)None of these

e~2Vx dx .
~Z)Z =1is
y

5) The integrating factor of the differential equation ( = T

(A) 1 (B) e~2Vx (C) e2V* (D) e*

6) The integrating factor of the differential equation (1 — xz)z—z+ xy = ax,—1 < x < 1,is

1 1 1 1

o ®) = O = D) 7=

(A)

213 2
7) The order and degree of the differential equation [1 + (Z—z) ] = ZTy respectively are:

(A)1,2 B)2,3 ©2,1 D)2,6
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8) The integrating factor of the differential equation xZ—z —y = x* = 3xis:

(A) x (B) (C) x-1 (D) log (x-1)

1

9) The solution of the differential equation -

dx logyiS:
(A)logy = x + ¢ B)ylogy —y=x+c¢
Ology —y=x+c D)ylogy +y =x +c¢

10) The differential equation Z—z = F(x,y) will not be a homogeneous differential equation, if F(x, y) is:

x? + y?
Xy

(A) cosx — sin (%) (B)2 (©)

Y 2 (X
. (D) cos (y)
11) The order of the differential equation (y'")? + (y")® = xsin (y")is:

(A1 B)2 ©)3 (D) not defined

12) The number of solutions of differential equation Z—z — y = 1, giventhat y(0) =1, is :

(A) 0 (B) 1 (C)2 (D) infinitely many
13) The degree and order of differential equation (y'")? + log (y') = x° respectively are:

(A) not defined, 5 (B) 5, not defined (©)2,2 (D) not defined, 2
14) x log xz—z + y = 2log x is an example of a :

(A) variable separable differential equation.
(B) homogeneous differential equation.
(C) first order linear differential equation.

(D) differential equation whose degree is not defined
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15) The general solution of the differential equation xdy + ydx = 0 is:
(A)xy=c B)x+y=c (C) x? +y% =¢? (D) logy = logx + ¢

16) The integrating factor of the differential equation (x + 2y?) Z—z =y(y>0)is:
1 1
(A) = (B) x Oy D)5

17) The number of arbitrary constants in the particular solution of the differential equation log (Z—z) =
3x +;y(0) = 0 is/are

(A) 2 (B) 1 (©)0 (D) 3

18) The integrating factor of the differential equation Z—Z + %y =0

2
(A2 (B) x? (C) ex (D) ')

. . . d?%y dy\3 . .
19) The sum of the order and the degree of the differential equation T (E) = siny is:
(A)3 (B) 2 ©)5 (D) 4

20) What is the product of the order and degree of the differential equation

2

d‘y . dy 3
e _— = ‘7
axZ siny + (dx) cosy y !

(A)3 (B) 4 ©) 6 (D)2

ASSERTION AND REASON

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

2
1) Assertion (A): The general solution of the differential equation x Z—z +2y =x%isgivenby y = xr + cx™2

Reason (R): The general solution of linear differential equation is given by y(I.F.) = [{(I.F.) X Q}dx + ¢

2 2
2) Assertion (A): The order and degree of the differential equation (Z—Z) + 4 ZTZ + 5sin (Z—Z) =0 is2and 1
respectively.

Reason (R): Order of a differential equation is the order of the highest order derivative and degree of a
differential equation is the highest power of the highest order derivative in it and it is defined if it is a
polynomial equation in its derivatives.

DESCRIPTIVE QUESTIONS

1) Solve the Differential equation: e¥™* Z—z =1.

. . . dy _ 1-
2) Solve the differential equation: 2= =%
dx 1+cosx

3) Solve the differential equation: x(x? — 1) Z—z =1;y(2) =0.
4) Solve the differential equation (x2 — y?) dx + 2xydy = 0.

5) Find the particular solution of the differential equation given by x? Z—i — xy = x*cos? (%), given that

whenx = 1,y =§.

d —-X
6) Solve: 2=
dx y+x

7) Find the particular solution of the differential equation (1 + x?) % + 2xy = giventhaty = 0

1+x2
when x = 1.

8) Solve: (1 + y?)dx = (tan"ly — x)dy.
9) Find the general solution of the differential equation : ydx = (x + 2y?)dy.

CASE STUDY

1) A bacteria sample of certain number of bacteria is observed to grow exponentially in a given amount of
time. Using exponential growth model, the rate of growth of this sample of bacteria is calculated.
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The differential equation representing the growth of bacteria is given as: Z—i = kP, where P is the population
of bacteria at any time ‘t’.

Based on the above information, answer the following questions:

(i) Obtain the general solution of the given differential equation and express it as an exponential function of
‘t’ .

(i1) If population of bacteria is 1000 at t = 0, and 2000 at t = 1, find the value of k.
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10. VECTOR ALGEBRA

1.For what value of p , is (i +j + k) p a unit vector ?

a) tr b) +1 ) +1 d)£V3

-3

2. The magnitude of vector a= 3% — 4j
a) 5 b)-5 ¢o+5 d) -5

3. If|d+b|=|d— b|, Then angle between & and b is
a) 0° b) 90°  ¢).180°  d) 60°

4. The magnitude of projection of 21 —j + 2k oni+ 2j+ 2k is a) Bi

b) g c)g d)g

5. If @ band d + b are three unit vectors and  is the angle between @ and b then the value of @ is
a) 120° b) 150° c) . 60° d) 30°
6. If 20+ 6]+ 14k)X (1 —Aj+7k)=0 then the value of 1 is
a) 2 b) - )3 d -3

7. If ABCD is a parallelogram and AC and BD are its diagonal ,then AC +BD is a) 2DA
b) 24B  ¢) 2BC d) 2CD

8. The area of a parallelogram whose adjacent sides are given by the vectors d= 31 +j +4 k and b=1i-
j+ k is (in sqm) a)7 b)v26
oviz @ 2

9. Find the unit vector in the direction of the vector @ = 21 + 3} +6k.

10.1fd=% —2j+kand b=2f + -3k, find - b.

11. Find a vector perpendicular to both d = =21 —j+kandb=1+j -2k

12.1f @ and b are two vectors such that d= 31 +4j and b=1-2 j find the angle between them.

13. If # = 31 — 2 + 6k, find the value of (7 XJ). (7 Xk) — 12..

14.Find the scalar projection of the vector d=3i —4j + k on b=1+ 2j —2k.

15. Find the value of x if the vectors d= i+ 2} + xk and b =31- 2j +k are
perpendicular.

acute, obtuse, or perpendicular.

18.Show that the three points A(1, 2, 3), B(2, 4, 5), and C(3, 6, 7) are collinear using vectors.

19.1fd= i-2j 4+ 3kon b =2 i+j — 2k. Find a vector € such that it is perpendicular to both d@ and b.

20.A drone company is testing delivery routes using vector algebra. The drone flies from a warehouse
located at point A, then to a checkpoint B, and finally to the delivery point C. The position vectors of these
points with respect to the origin (O) are:
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04=31+2j+k , 0B=31-2] + 4k, 0C=51-4] + 3k.
The company wants to analyse the drone’s path and performance using vector operations.
Answer the following questions:
(a) Find the vectors "AB and BC
(b) Find the angle between vectors "AB and BC.

(c) Is the path taken by the drone a straight line? Justify.

SOLUTIONS
Loa) +% 2. )5 b 0 4 D 5 10
6. d -3 7.0) 2BC 8. ) V42
9. unit Vectorzi _ 20 +3j+6k
lal 7

10.d b=t -2 +k).(28 +]-3k) = 1.2+ (=2).1 + 1.(=3)=2-2-3=-3

(31 +4]).(1- 2]) -5

b _ —1,1L
alls] 55 s =0T (R

13. (# Xj) = (31 — 2] + 6k) X j =3k —
(# Xk)=-3] — 21
(# XJ). (7 Xk) — 12= 3k — 61).(-3j — 21) -12 = 12-12=0

-7

14. Scalar projection= TbT Y

15.Vectors are perpendicular so d-b =0
3-4+x=0 = x=1

axb _ 2i-7j+4k

16.Required vector =

BiRG
LTk S
aXb=1|3 2 2(=2i-7j+4k, |dXb|=v69
1 2 3
17. Using cosf = ——= find 6.

E I| |
18.AB =1+ 2j + 2k, BC =1+ 2j + 2k
Since AB and BC are parallel and B is a common point so A,B and C are collinear.

Lor 7k R
19. ¢=a xb=|[1 -2 3|=i1+8j+5k
2 1 =2

20. i) AB = —4j+ 3k, BC =21 —2j —k
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ABBC__ —11
45|B¢| 15
iii) No . Reason: Check for collinearity(whether AB+BC = AC or not)

i1) cosO =
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11. THREE DIMENSIONAL GEOMETRY

Q.1 If @, § and y are the angles made by a line with the positive directions of the X, y, and z axes

respectively, then which of the following is correct?
(a) cos?a — cos?B + cos?y =0

(b) sina + sin?f + sin’y =2

(c) cos?a — cos?B — cos?’y =0

(d) cosa +cosf + cosy =0

Q.2 Vector equation of a line is # = (4i — 2j + 5k) + u(i + 3] — 2k) ,the Cartesian form of a line is:

x—4_y+2 __z-5
(a) 1 3 =2
xt4 _y-2 _ zi5
(b) 1 3 =2
x—4_y+2 __z-5
() 1 3 2

(d)x+4:E:§

-1 3

Q.3 The vector equation of a lineis # = (5 — s)i+ (3 + 2s)j + (1 — s)k , the Cartesian equation of the
line passing through point (0,1,-2) and parallel to it is,

@5=F=5
O =5 =
©F =% ="
@I=F =7

Q.4 If a line makes angles g,g and 6 with the positive x, y and z axes respectively, then 8 is
V3 s s s
(a) £ < (b) £ 2 (c) - only (d) 3 only
Q.5 The equation of a line passing through the point (3,-1,5) and parallel to vector (i + 2j — k) is;
@Qx=t+3, y=2t—1,z=—-t+5
b)x=t+3 , y=-2t—-1,z=—-t+5

c)x=t+3 , y=2t—1,z=1t+5
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dDx=t—-3 , y=2t—1,z=—-t+5

Q.6 Determine the value of p so that the lines # = (1 + t)i 4+ (2 — t)j + (3 + 2t)k and
7= 2i+psj+ (4 — s)k are perpendicular.

Q. 7 Find the distance of the point (5,4,-2) from the point of intersection of the lines:

:—:—and—:—:—

x—2 y+1 z-5 x—=5 y+3 zZ—6
3 -2 1 1 2 -2

Q.8 Find the vector equation of the line passing through the point (3,0,-1) and perpendicular to both the

lines:
x—4 +2 z+1 x+1 -1 z=2
A Y AR A gy
3 2 -1 1 -2 2
Q.9 Consider the lines:
x+1 _y-3 _ z+4 dx—3 _y+1 _z-5
3 2 -1 2 -1 2

Find the shortest distance between them.

Q.10 The line L; passes through the point (1,2,—1) and has direction ratios proportional to (2,—1,2)
Another line L, passes through (3,0,4) and has direction ratios proportional to (1,2,—1).

Find the shortest distance between these two lines.

Q.11 Find the coordinates of the foot of the perpendicular drawn from the point (5,0,1) to the line

x y—3 z+4
2 -1 4

Also, find the perpendicular distance of the point from the line.

Q.12 For the parallelogram EFGH with vertices
E(1,2,3), F(4,5,6), G(3,8,7), H(0,5,4)
(1) Find the cartesian equations of all the sides.

(i1) Find the coordinates of the foot of the perpendicular from point E to line GH.

Q.13 The point P(3,0,—2) is reflected in the line

x—2 y+1 z
4 1 5
Find the coordinates of the image of the point .

Q.14 Find the image of the point (2,-1,5) in the line,
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7= (11f — 2j — 8k) + t(10% — 4f — 11k)
Q.15 Find the coordinates of the point Q on the line

x—-2 _y+1 z-3
1 2 -1

such that the distance between Q and the point P(5,1,0) is 4 units.

SOLUTIONS

Q.1(b) Q-2 (a) Q.3 (a) Q4 () Q.5 (a)

Answer 6. Rearranging both equations

!
Il

(i +2j + 3k) + t(@ — ] + 2k)

it
Il

(21 4 0f + 4k) + s(0f + pj — k)
If both lines are perpendicular then,
MO+ EEDE +@)(-1) =0

p=—2

Answer 7.Line l: x =3t+2,y= —-2t—1,z=t+5
Line2:x=u+5,y=2u—-3,z= -2u+6
Now comparing the value of x , y and z ,we find the solution for ‘t” and ‘u’ as6
t=1 andu=0
Then forlinel : x=5,y= -3,z2=6
Forline2:x=5,y= -3,z=6
Hence point of intersection is (5, —3,6)
Distance of point (5, —3,6) from point (5,4,-2) is v113.

Answer 8. Equation of line passing through point (3,0, —1)

x-3 y—0 _ z+1

L1: T:T— c =k (1)
. x~4 _y+z _ 7+l
L2: T =, T

79| Page



L3 : x+1 _y-1__z-2
’ 2

If line L1 and L2 are perpendicular and line L1 and L3 are perpendicular then,

3a+2b—c=0
and a—2b+2c=0

Solving both equations

Substituting these values in equation (i) ,we get

-0 z+1

x-3
2 -7 -8

Answer 9. Vector form of both lines,

(=i +3j —4k) +t(3t + 2j — k)

=
Il

(31 — j + 5k) + u(2i — j + 2k)

=y
Il

s t j k
by Xb, =13 2 -1
2 -1 2

by x by
19 .
= units
V122

Answer 10. Equations of given lines respectively,

7= (I+2]—k)+t(2i =] + 2k)
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7= 314+ 0]+ 4k)+u@+2j—k)

by Xb, =12 -1 2
1 2 -1

= (=31 + 4f + 5k)
|I_51 X Bz| = @
(C_l)z - C_l)l) (Bl X Bz) =11

(dp — dy). (51 X Ez)

d= i
|by X by |

11 )
d = —— units

V50

Answer 11. Let P(x, y, z) be the foot of perpendicular drawn from point A(5,0,1) to the given line.

Coordinates of point P= (2k, —k + 3,4k — 4)
Direction ratios of line AP = (2k —5,—k + 3,4k —5)
Direction ratios of given line = (2, —1,4)

Since both lines are perpendicular then,

22k=5)+(-1D(-k+3)+4(4k—-5)=0

k=—

Foot of perpendicular =P(§ , 1—70, 1—76)

Perpendicular distance of point (5,0,1) from line = @

Answer 12. (i) Equation of line EF:
x—1 y—-2 z-3
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Equation of line FG:

Equation of line GH:

Equation of line HE:
x—0 y—-5 z—-4
1 -3 -1

(ii) Let P(x,y, z, ) be the foot of perpendicular drawn from point E(1,2,3) to the given line GH.
Coordinates of point P= (=3t + 3,—-3t + 8, -3t + 7)

Direction ratios of line AP = (=3t + 2,—3t + 6, =3t + 4)

Direction ratios of given line = (=3, -3, —3)

Since both lines are perpendicular then,

—3(=3t+2) + (=3)(=3t + 6) + (=3)(=3t +4) = 0

W

Foot of perpendicular = P(—1,4,3)

Answer 13. Let Q(x, y, z,) be the foot of perpendicular drawn from point P (3,0, —2) to the given line and
R(a, b, c,) be the coordinates of the image of point P.

Coordinates of point Q= (4t + 2,t — 1,5t)
Direction ratios of line PQ = (4t — 1,t — 1,5t + 2)
Direction ratios of given line = (4,1,5)
Since both lines are perpendicular then,
4(4t+2)+ (D —-1) +5(5t+2)=0

-5

t=—
42

Foot of perpendicular =Q (2 , %“27, _4—225)
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Since Q is the mid point of points P and R,

_a+t 3 _ b - 2
X=——y=527=—
Substituting values of x,y and z ,we get
Coordinates of point R(a, b, ¢) = (i, %“17, g)

Answer 14. Let Q(x, y, z,) be the foot of perpendicular drawn from point P(2, —1,5) to the given line and
R(a, b, c,) be the coordinates of the image of point P.

Let xi+yj + zk =(111 — 2j — 8k) + t(10i — 4f — 11k)
Comparing on both sides,
x=11+10t,y =—-2—4t,z=-8—- 11t
Coordinates of point Q= (11 + 10t, —2 — 4t ,—8 — 11t)
Direction ratios of line PQ = (10t + 9, —4t — 1,—11t — 13)
Direction ratios of given line = (10, —4, —11)
Since both lines are perpendicular then,
10(10t + 9) + (—4) (=4t — 1) + (=11)(~11t — 13) = 0
t=—1
Foot of perpendicular =Q(1,2,3)
Since Q is the mid point of points P and R,

a+2 b—1 c+5
x = =

Substituting values of x,y and z ,we get

Coordinates of point R(a, b, c) = (0,5,1)

Answer 15. Let the coordinates of point Q be (x, y, ).
Then Q(x,y,z) = (t+2,2t —1,—t +3)

Given that distance between point P and Q is 4 units,

Thus, (t+2-52+R2t—1—-1)2+(-t+3—0)2=(4)?
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3t2—-10t+3 =0

Using Quadratic formula ,we get two values for t such as,
t=3 dt = !
=3 andt =g

Substituting the values of t , we get two points Q(x,y,z) = (5,5,0) and (g, _?1, g)
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13. Linear Programming

BASIC CONCEPTS

What is LPP: LPP, or Linear Programming Problem, is a mathematical optimization technique used to find the best outcome
(maximum or minimum) of a linear function, subject to linear constraints and non-negative restrictions on the variables.

1. Objective function: Linear function Z = ax + by, where a, b are constants, which has to be maximized or
minimized is called a linear objective function.

2. Constraints: The linear inequalities or equations or restrictions which are imposed on the variables of a
linear programming problem are called constraints.

3. Optimization problem: A problem which seeks to maximize or minimize a linear function (say of two
variables x and y) subject to certain constraints as determined by a set of linear inequalities is called an
optimization problem.

4. Feasible region: The common region determined by all the constraints including non-negative constraints
X, y > 0 of a linear programming problem is called the feasible region.

5. Feasible solutions: Points within and on the boundary of the feasible region represent feasible solutions
of the constraints.

6. 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.
7. Corner point method: The method comprises of the following steps:
1. Find the feasible region of the linear programming problem and determine its corner points (vertices) either by
inspection or by solving the two equations of the lines intersecting at that point.
2. Evaluate the objective function Z = ax + by at each corner point. Let M and m, respectively denote the largest and
smallest values of these points.
3. (i) When the feasible region is bounded, M and m are the maximum and minimum values of Z.
(i1) In case, the feasible region is unbounded, we have:
4. (a) M is the 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, m is the minimum 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 minimum value.

MCQs
S.N. Questions

1  What is the objective function in a linear programming problem?
a) A condition to be satisfied
b) A function to be maximized or minimized
¢) A type of constraint
d) A type of inequality

2 What are constraints in LPP?
a) Goals of the problem
b) Unwanted equations
c¢) Conditions in the form of inequalities
d) Values of the objective function

3 Which quadrant is considered in LPP for real-life problems?
a) First
b) Second

85|Page



10

c¢) Third

d) Fourth

The maximum or minimum value of the objective function occurs at:

a) Origin

b) Boundary line

c¢) Corner points of the feasible region

d) Centre of feasible region

In the LPP, x > 0 and y > 0 are called:

a) Additional equations

b) Non-negative constraints

¢) Inverse conditions

d) Elimination rules

If one constraint is x +y < 6, which point satisfies this?

a) (5, 3)

b) (2, 3)

c)(4,4)

d) (6, 6)

If the feasible region is a triangle, how many corner points does it have?
a)l

b) 2

c)3

d) Infinite

Which of these is a correct objective function?

a)x2ty

b) 3x + 4y

C) x\/; +y

dVx+y

The common region determined by all the constraints of a linear programming problem is called:
a) an unbounded region b) an optimal region  ¢) a bounded region d) a feasible region

The restrictions imposed on decision variables involved in an objective function of a linear
programming problem are called:

a) feasible solutions b) constraints c) optimal solutions d) infeasible solutions
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Of the following, which group of constraints represents the feasible region given below ?
a)x +2y <76,2x +y =104, x,y=0
b) x +2y <76,2x +y < 104, x,y=0 _

C)x+2y=>76,2x+y=>104,xy >0

d)x +2y >76,2x +y=> 104, x,y > 0

The maximum value of Z = 4x +y for a L.P.P., whose feasible region is shown below is:

a) 50

b) 110
c) 120
d) 170

(30,0) A(50,0)

The number of corner points of the feasible region determined by constraints x = 0,y = 0,
xty=4is:

a) 0 b) 1 c)2 d)3

A linear programming problem is a follows:

Minimize Z = 30x + 50y

Subject to the constraints,

3x+5y=>15

2x +3y < 18

x=0,y=0

In the feasible region, the minimum value of Z occurs at

a) A unique point

b) No point

¢) Infinitely many points

d) Two points only

If a feasible region is a polygon, the optimal value of the objective function must occur at:
(a) The centre of the polygon

(b) The centroid of the polygon

(c) One of the vertices of the polygon

(d) The origin
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The solution set of the inequation 3x + 2y > 3 is
a) half plane containing the origin

b) half plane not containing the origin

¢) the point being on the line 3x + 2y =3

d) none of these

If a feasible region is empty, then the LPP has:
(a) No solution

(b) An unbounded solution

(c) A unique solution

(d) Infinitely many solutions

A set of values of decision variables that satisfies the linear constraints and non-negativity
conditions of an LPP is called its:

a) feasible region b) corner points c¢) unbounded solutions d) none of the above
The corner points of a feasible region determined by the system of linear constraints are (0 , 19),

(5,5), (15, 15)and(0, 20).Let Z=px + qy, where p, ¢ > 0, condition on p and q so that the
maximum of Z at both points (15, 15) and (0, 20) is

a)p=q b)p=2q ©)q=2p d)q=3p
Observe the graph of the feasible region of the cost optimisation LPP shaded below.

Which of the following inequalities is one of the
constraints of the LPP ?

a)5x+y=10

b)x+y=>12
c)3x—-2y<6
d)x+y=10

Solve the following LPP graphically:

Maximise: Z =2x + 3y, subjecttox +y<4,x>0,y>0

Solve the following linear programming problem graphically:
Minimise: Z =200 x + 500 y subject to the constraints:
x +2y>10, 3x + 4y <24, x>0,y>0

Solve the following problem graphically:
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Minimise and Maximise Z = 3x + 9y
Subject to the constraints:  x + 3y <60
x+y>10
x<yx>0,y>0

Solve the following LPP graphically:
Minimise Z = 5x + 10y subject to the constraints
X + 2y <120, x+y>60,
Xx—2y>0andx,y>0

SOLUTIONS
b) A function to be maximized or minimized
Explanation:

The objective function is a mathematical expression that represents the quantity we aim to optimize
(either maximize or minimize)

c¢) Conditions in the form of inequalities
Explanation:

Constraints are limitations or restrictions placed on the decision variables in the form of
inequalities.

a) First
Explanation:

This is because the decision variables, which represent quantities, are usually non-negative in
practical applications.

c¢) Corner points of the feasible region
Explanation:

This is because the feasible region, defined by the constraints, is a convex polygon, and the
objective function, being linear, will either increase or decrease as you move along its edges.

b) Non-negative constraints
Explanation:

Non-negative means greater than or equal to zero.So, x = 0, y = 0 are called non-negative
constraints.

b) (2, 3)

Explanation:
Asx+y<6
Putx=2,y=3in LHS
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~ 2+ 3 =5 < 6 which is true.

c)3

Explanation:

This is because a triangle has 3 vertices.
b) 3x + 4y

Explanation:

Objective functions are in linear form.
d) a feasible region

b) constraints

Explanation:

Constraints are the restrictions imposed on decision variables involved in an objective function of a

linear programming problem

b) x +2y <76,2x +y < 104, x,y=0

c) 120
Explanation:
Corner point Value of Z=4x +y
L0, 50) Z =4(0)+50=50
C(20, 30) Z=4(20)+30=110
B(30, 0) Z=430)+0=
120-MAXIMUM
0(0,0) Z=40)+0=0
c)2
Explanation: y

From the graph, it is clear that number of corner points
are 2.

(0,4)

O (4,0)
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¢) Infinitely many points
Explanation: y

Let the equation of constraints be

3x+5y=15 (0,6)
2x+3y =18
x=0,y=0
©,3)
O (5,0) (9,0) X
Corner point Z =30x + 50y

(5,0) 150

(9,0) 270

0,3) 150

(0,06) 300

(c) One of the vertices of the polygon
Explanation:

As a polygon is bounded and by corner point method, maximum/minimum value of Z occurs at
corner point.

b) half plane not containing the origin

Explanation:

3x+2y >3

Putx=0,y=0

30)+2(0)=0<3

So, the half plane does not contain the origin.

(a) No solution

Explanation:

As the feasible region is solution set and if it is empty then there is no solution for the given LPP.
a) feasible region

Explanation:
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A feasible region is defined as an area bounded by a set or collection of coordinates that satisfy a

system of given inequalities.

d)q=3p

Explanation:

Z=px+qy

Z is maximum at (15, 15) and (0, 20).
~ 15p + 159 =p(0) +20q

=15p=3q

=>3p=q

=q=3p

d)x+y=>10

Explanation:

Equation of line joining the points (0, 10) and (5, 5) is

_10-5
y-10 = " (x-0)

=y-10= _isx

=y-10=-x

=>x+y=10

Also the shading the away from the origin.

So, the correct inequality is x +y = 10.

Solution: Let x+y=4

Ifx=0,y=4andy=0,x=4

X 0

y 4
Draw the graph of x +y =4 as below.
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iz -'L..I"-?-: -f
The shaded region (OAB) in the above figure is the feasible region determined by the system of

constraints x>0,y >0and x +y <4.

The feasible region OAB is bounded and the maximum value will occur at a corner point of the
feasible region.

Corner Points are O(0, 0), A (4, 0) and B (0, 4).

Evaluate Z at each of these corner points.

Corner Point Value of Z
0 (0, 0) 2x0+3x0=0
A(4,0) 2x4+3x0=8
B (0,4) 2x0+3x4=12« maximum

Hence, the maximum value of Z is 12 at the point (0, 4).

Let x+2y=10
Putx =0theny=5and y=0thenx =10

X 0 10

y 5 0
Now 3x+4y=24
Put x =0 theny =6 and y =0 then x =8

X 0 8

y 6 0
Let us draw the graph of x + 2y =10,3x+4y=24and x>0,y >0
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x 2y =10

Jx+dr=24

The shaded region in the above figure is the feasible region ABC determined by the

system of constraints, which is bounded. The coordinates of corner point A, B and C are (0,5), (4,3)
and (0,6) respectively.

Calculation of Z = 200x + 500y at these points.

Corner Point Value of Z
0,5) 200x 0+ 500 x 5=2500
4,3) 200 x 4 + 500 x 3 =2300 «— Minimum
(0, 6) 200 x 0+ 500 x 6 =3000

Hence, the minimum value of Z is 2300 is at the point (4, 3).

23 Draw the graph of the inequalities (2), (3), (4) and (5)

Y

The feasible region ABCD is bounded and the coordinates of corner points are A(0,10), B(5,5),
C(15,15) and D(0,20).

Corresponding value of Z = 3x + 9y
Corner Points

A (0, 10 90
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B (5,5) 60—Minimum
C(15,15) 180«—Maximum (Multiple optimal solutions)
D (0, 20) 180 «—Maximum

From the table, we find that the minimum value of Z is 60 at the point B (5, 5) of the feasible

region. The maximum value of Z on the feasible region occurs at the two corner points C (15, 15)
and D (0, 20) and it is 180 in each case.

Our problem is to minimise

Z=5x+ 10y ... (1)

Subject to constraints

X+ 2y <120 ...(i1)
x +y=>60...(ii1) x—2y>0...(iv)andx>0,y>0
Table for line x + 2y =120 is

X 0 120

y 60 0

Put (0, 0) in the inequality x + 2y < 120, we get
0+2x<120

= 0 <120 (which is true)

So, the half plane is towards the origin.

Now, draw the graph of the line x +y = 60
X 0 60
y 60 0

On putting (0, 0) in the inequality x +y > 60, we get
0+ 0>60= 0> 60 (which is false)

So, the half plane is away from the origin.

Thirdly, draw the graph of the line x — 2y = 0.

X 0 10
y 0 5

On putting (5, 0) in the inequality x — 2y > 0, we get
5-2x02>0= 52>0 (which is true)
Thus, the half plane is towards the X-axis. Since, X, y >0
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~The feasible region lies in the first quadrant.

':f".ll.
'QK‘ D (40, 20)
(0, 60
C (60, 30)
In
B (120, 0)
4 -
(60, 0) ,ﬂ.\i w\
x+y=60 x+2y=120
x—;?y=ﬂ w

Clearly, feasible region is ABCDA.
On solving equations x — 2y =0 and x +y = 60,
we get D(40,20) and on solving equations

x -2y =0 and x + 2y = 120, we get C (60, 30). The corner points of the feasible region are A (60, 0),

B (120, 0), C (60, 30) and D (40, 20). The values of Z at these points are as follows

Corner point 7 =5x+ 10y
A (60, 0) 300 (minimum)
8(120,0) 600
C (60, 30) 600

D (40, 20) 400

The minimum value of Z is 300 at the points (60, 0)
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14. Probability
SOME IMPORTANT RESULTS/CONCEPTS

** Sample Space and Events:

The set of all possible outcomes of an experiment is called the sample space of that experiment. It is usually

denoted by S. The elements of S are called events and a subset of S is called an event.
¢ (= S) is called an impossible event and
S(c S) is called a sure event.
** Probability of an Event.
(1) If E be the event associated with an experiment, then probability of E, denoted by P(E) is
number of outcomesin E

defined as P(E) = -
number of total outcomesin sample space S

it being assumed that the outcomes of the experiment in reference are equally likely.
(i1) P(sure event or sample space) = P(S) =1 and P(impossible event) = P(¢) = 0.
(iii) If E1, E», Es, ... ,Ex are mutually exclusive and exhaustive events associated with an experiment
(i.e. if E;yU ExU Esu ... UEy) =S and EinE;=¢ fori,j € {1, 2, 3,......k} i#j), then
P(E)) + P(E;) + P(E3) + ...+ P(Ex) = 1.
(iv) P(E) + P(E¢) =1
** If E and F are two events associated with the same sample space of a random experiment, the
conditional probability of the event E given that F has occurred, i.e. P (E|F) is given by

P(E|F) = PENF) provided P(F) # 0
P(F)

** Multiplication rule of probability : P(E N F) = P(E) P(F|E)

= P(F) P(E|F) provided P(E) # 0 and P(F) # 0.
** Independent Events :E and F are two events such that the probability of occurrence of one of
them is not affected by occurrence of the other.

Let E and F be two events associated with the same random experiment, then E and F are said to be
independent if P(E N F)=P(E) . P (F).
** Bayes' Theorem :If Ei, Es ..., Ex are n non empty events which constitute a partition of sample
space S, i.e. Ei, E» ,..., Eyare pairwise disjoint and Eu E,u ... UE,= S and A is any event of
nonzero probability, then

~ P(E))P(AJE,) .

P(Ei|A) =— foranyi=1,2,3,..,n

;P(Ej)P(A‘EJ)

1 In a class of 100 students, 60 passed in Mathematics, 70 passed in Physics, and 50 passed in both. If
a student is selected at random, what is the probability that the student passed at least one subject?

(A) 0.80 (B) 0.60 (C)0.90 (D) 0.70

2 A committee of 3 is formed from 3 boys and 2 girls. What is the probability that the committee

includes at least one girl?

(A)9/10
(B) 4/5
(C)3/5
(D) 2
3 The probability that a student solves a problem is 3/5. If 4 students attempt independently,
the probability that at least one of them solves it?

(A) 256/625
(B) 369/625

what is
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(C) 625/625

(D) 609/625

In a test, the probability that student A passes is 0.9 and B passes is 0.8. The probability that both
pass is 0.72. What is the probability that at least one of them passes?

(A) 0.98

(B) 0.85

(C) 0.90

(D) 0.80

An unbiased die is thrown three times. What is the probability that the number 6 appears at most
once?

(A) 200/216

(B)91/216

(C) 36/216

(D) 1/6

Let A and B be independent events with P(A) = 1/3 and P(B) = 1/4. What is the probability of A U
B?

(A) 1/2

(B) 7/12

(C)5/12

(D) 1/6

A and B are events such that P(A) = 0.6, P(B) = 0.5, and P(A U B) =0.9. What is P(A N B)?

(A)0.2
(B) 0.1
(©)0.4
(D)0.3
If the odds in favour of event A are 3:2, what is P(A)?

(A) 2/5
(B) 3/5
(C) 172
(D) 5/8
If P(E) = 3/4, P(F) = 1/2, and P(E N F) = 1/4, what is P(E | F)?

(A) 1/2

(B)2/3

(C)3/4

(D) 1/4

In a bag with 4 red and 6 blue balls, 2 balls are drawn without replacement. What is the probability
both are of the same colour?

(A) 12
(B) 5/9
(C) 21/45
(D) 14/45
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Two dice are thrown. What is the probability that their sum is a prime number?

(A)5/18

(B) 15/36

(C) 10/36

(D) 12/36

A random 2-digit number is selected. What is the probability it is divisible by 7?

(A) 13/90
(B) 12/90
(C) 11/90
(D) 14/90
Two cards are drawn without replacement. What is the probability both are face cards?

(A) 3/221

(B) 11/221

(C) 12/221

(D) 9/221

A man tells the truth 3 out of 4 times. He reports a 6 after rolling a die. What is the probability it
was actually a 67

(A) 3/22

(B) 1/4

(C)3/8

(D) 3/10

A can solve a problem with probability 1/3, B with 1/4. What is the probability the problem is
solved if both try independently?

(A) 1/2

(B) 7/12

(C)5/12

(D) 3/4

A student solves part A of a paper with probability 0.7 and part B with 0.4. If P(at least one part) =
0.8, what is P(both parts)?

(A)0.3
(B)0.2
(C)0.4
(D) 0.1
A and B are independent events. P(A) = 0.6, P(B) = 0.5. What is P(A U B')?

(A)0.8
(B) 0.7
(C©)0.9
(D)0.3
P(E)=0.4and P (E U F) =0.64. If E and F are independent, what is P(F)?

(A) 0.4
(B) 0.5
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(C) 0.6
(D)0.3
A fair coin is tossed 5 times. What is the probability of getting exactly 3 heads?

(A) 5/16

(B) 10/32

(C)3/8

(D) 5/32

If P(E) = 0.6, P(F) = 0.5, and P(E N F) = 0.3, then events E and F are:

(A) Mutually exclusive

(B) Independent

(C) Dependent

(D) Complementary

Assume that each born child is equally likely to be a boy or a girl. If a family has two children, then
what is the conditional probability that both are girls? Given that

(1) the youngest is a girl?

(i1) atleast one is a girl?

If P(not A) = 0.7, P(B) = 0.7 and P(B/A) = 0.5, then find P(A/B).

A die marked 1, 2, 3 inred and 4, 5, 6 in green is tossed. Let A be the event ‘number is even’ and B
be the event ‘number is marked red’. Find whether the events A and B are independent or not.

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.

Evaluate P(A U B), if 2P (A) = P(B) = 5/13 and P(A/ B) = 2/5.

Prove that if E and F are independent events, then the events E and F’ are also independent.

SOLUTIONS
Correct Answer: (A) 0.80

Explanation:

Let A = passed in Math, B = passed in Physics.
P(A)=60/100=0.6

P(B) =70/100 = 0.7

P(A N B)=50/100=0.5
P(AUB)=PA)+P(B)-P(ANB)=0.6+0.7-0.5=0.8
Correct Answer: (A) 9/10

Explanation:

Total ways to choose 3 from 5 =C(5, 3) =10
Ways with no girl = C(3, 3) = 1 (all boys)
So, at least one girl =10 —1=9

Required probability = 9/10

Correct Answer: (D) 609/625

Explanation:
P(not solving) = 2/5
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P(all 4 fail) = (2/5)"4 = 16/625
So, P(at least one solves) =1 — 16/625 = 609/625
Correct Answer: (A) 0.98

Explanation:

P(at least one) = P(A) + P(B) — P(A N B)
=09+0.8—-0.72=0.98

Correct Answer: (A)

Explanation:
P(6 appears 0 times) = (5/6)"3 = 125/216

P(6 appears exactly once) = C(3,1) x (1/6) x (5/6)"2 =3 x (1/6) x (25/36) = 75/216

So, total = 125/216 + 75/216 = 200/216
Correct Answer: (B) 7/12

Explanation:

P(A U B) =P(A) + P(B) — P(A)xP(B)
=13+1/4-1/12=7/12

Correct Answer: (A) 0.2

Explanation:

P(A N B)=P(A)+P(B) - P(A UB)=0.6 +0.5—-0.9=0.2

Correct Answer: (B) 3/5

Explanation:
P(A)=a/(a+b)=3/(3+2)=3/5
Correct Answer: (A) 1/2

Explanation:
PE|F)=P(ENF)/PF)=(1/4)/(1/2) ="
Correct Answer: (C) 21/45

Explanation:

P(both red) = (4/10) x (3/9) = 12/90
P(both blue) = (6/10) x (5/9) = 30/90
Sum =42/90 =21/15

Correct Answer: (B) 15/36

Explanation:

Prime sums possible: 2, 3, 5,7, 11
Number of favorable outcomes = 15
P=15/36

Correct Answer: (A) 13/90

Explanation:

Total 2-digit numbers = 90
Multiples of 7 from 14 to 98 = 13
P =13/90
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Correct Answer: (C) 12/221

Explanation:

Face cards = 12

P=(12/52) x (11/51) = 132/2652 = 12/241
Correct Answer: (C) 3/8

Explanation:

Using Bayes’ Theorem,

P(actual 6 | reported 6) = (1/6 x 3/4) / [1/6 x 3/4 + 5/6 x 1/4] = 3/8
Correct Answer: (A) 1/2

Explanation:

P(not solved) = (2/3)(3/4) = 1/2
So, P(solved)=1-1/2=1/2
Correct Answer: (B) 0.3

Explanation:

P(AUB)=P(A) +P(B) — P(A N B)
0.8=07+04-x=>x=03
Correct Answer: (A) 0.8

Explanation:

P(B')=0.5
P(ANB)=0.6x05=0.3
P(AUB)=0.6+05-03=0.8
Correct Answer: (B) 0.5

Explanation:

P(E U F)=P(E) + P(F) — P(E)xP(F)
0.64=0.4+x—0.4x
024=0.6x=>x=04

Correct Answer: (A) 5/16

Explanation:
C(5,3) x (1/2)~5=10 x (1/32) = 10/32 =5/16
Correct Answer: (B) Independent

Explanation:
P(E) xP(F)=0.6 x0.5=0.3=P(ENF)
= Events are independent

Let B and b represent elder and younger boy child. Also, G and g represent elder and younger girl

child. If a family has two children, then all possible cases are

S = {Bb, Bg, Gg, Gb}

~n(S)=4

Let us define event A : Both children are girls, then A = {Gg} = n(A) =1
(1) Let E;1 : The event that youngest child is a girl.
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Then, E1 = {Bg, Gg} and n(E1) =2

ns 4 2

and ANE, ={Gg} = nAnE )=1
RAMNE,) _ 1
LAY 4

Now, P i IP{A('\_E]]=1_I."4=1
E, P(E,) 1/2 2

s0 P(A A E,) =

. Required probability = 12
(i1) Let E: The event that atleast one is girl.
Then, E = {Eg, Gg, Gb} = n(E)=3,

P(ANE) 1
PA/E) ==& =3

22 B

Given, P(A") = 0.7, P(B) = 0.7 and P (EJ =0.5

Clearly, P(4) =1 - P(A")=1—-07=03
Now, F [E] = M

A P(A)
= 05=FANE
0.3

= PlAn B =015

P{£]=P{Aﬁ3}2m5 :P(ﬂ)z_i
B P(B) 0.7 B

23 When a die is thrown, the sample space is
S={1,2,3,4,5,6}
=n(S)=6
Also, A: number is even and B: number is red.
~A={2,4,6} andB=1{1,2,3} and AN B= {2}
=>n(A)=3,nB)=3andn(ANB)=1

Ay 3 1
Now, P[Jf!\]n—;{g'}—--g—-é
_nB _3_1
PB=19 "6 2
_nAmE _1
and P{A B = s "
Now, PA)xPB=-x =lsl_panp
2 2 4 6
P{A M~ B} # P(A) x P(B)
Thus, A and B are not independent events.
24 Let us denote the numbers on black die by B1, Bo, ....... , Bs and the numbers on red die by Ri, R, ....., Re.
Then, we get the following sample space.
s={B1,Ri1),Bi,R),....... ,(B1,Re), B2, Ro), ......... ,(Be, B1),(Bs, B2), ....... , (B6,Re)

Clearly, n(S)=36
Now, let A be the event that sum of number obtained on the die is 8 and B be the event that red die shows a
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number less than 4.

Then, A = {(B2, R¢), (Be,R2), (B3,Rs), (Bs,R3), (B4,R4)}

and B = {(Bi, R1), (B1,R2), (B1,R3), (B2,R1), (B2,R2), (B2,R3).,........, (Bs,R1), (Be,R2), (Bs,R3)}
= A N B={(Bs, R2), (Bs, R3)}

Now, required probability,

P(A/B)=P(ANB)P(B) = 35 = = ==

18 18 9
36
we hawve. F{A}:P{B}=%
s s 2
PlAy = — d = — amnd {4 = ==
= (1) Se 28 {5} 13 (A S B) =
__P{ ] P{A By
B
2_ PlA~B
s S/13
— PlAB) = 2x > = =

o PlA B) = P(A) +~ P(B) — P{A — B)

- 2 4 22 _ 2
26 I3 13
S+ 10—a _ 11

26 26

Given, E and F are independent events, therefore
=P(ENF)=PE)PEF)........(0)

Now, we have,

P(ENF)+PENF)=P(E)
PENF)=PE)-P(ENF)

P(E N F’)=P(E)—P(E ) P(F) [using Eq. (1))
PENF)=P(E)[1-P(F)]
P(ENF)=PE)PF’)

~ E and F ‘are also independent events.

Hence proved.

104 |Page



WORKSHEET

RELATION AND FUNCTION

SECTION —A(MCQ)

Q. QUESTIONS

N.

1 Let f: [2, =) = R be the function defined by f(x) = x>— 4x + 5, then the range of f is
(@R (b) [1, =) (c) [4, =) (d) [5, =)

5 Let A ={1, 2, 3} and consider the relation R = {1, 1), (2, 2), (3, 3), (1, 2), (2, 3), (1,3)}. Then Ris
(a) reflexive but not symmetric  (b) reflexive but not transitive
(c) symmetric and transitive (d) neither symmetric, nor transitive

3 Let A = {1, 2, 3}. Then the number of relations containing (1, 2) and (1, 3), which are
reflexive and symmetric but not transitive is
(@)1 (b) 2 (©3 (d)4

4 Let f : R = R be defined by f(x) = x% +1. Then, pre-images of 17 and — 3, respectively, are
(a) Cb, {41 - 4} (b) {31 - 3}1 d) (C) {41 _4}1 (b (d) {41 - 4}1 {21 - 2}

S Set A has 3 elements, and set B has 4 elements. Then the number of injective mappings that

can be defined from Ato B is

(a) 144 (b) 12 (c) 24 (d) 64

6 | Let R be a relation in the set N given by R={(a,b): a+b=5, b>1}. Which of
the following will satisfy the given relation?
(@) (23)eR (b)(42)eR (c)(21)eR (d)(50)eR

7 | The function f(x) =x*+ 4x +4 is-:
(@) even (b)odd (c) neither even nor odd (d)none of these

8

A function f:N->N is defined by f(x)= x*+12. What is the type of function here?
(a) bijective (b) surjective

(c) injective (d) neither surjective nor injective

SECTION —B( 2/3 MARKS EACH)
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Let R be a relation described on the set of natural numbers N. Determine the
domain and range of the relation. Also check whether R is symmetric, reflexive
and/or transitive.

R={x,y}: xEN,y€EN, 2x+y =41}

10 Check whether the relation R defined on the set A=1{1, 2, 3, 4, 5, 6} as
R ={(a, b): b=a+ 1} is reflexive, symmetric or transitive.

11 |LetA={1,2,3}anddefineR={(a,b):a+b>0}.show thatRis universal
relation on set A..

12 | Let A={a, b,c} how many relation can be define in the set ? How many of these
are reflexive ?

13 |LetA={2,4,6,8}andR ={(a,b): ais greater than b,a,b€ A} on the set A . Write
R as a set of order pairs , is the relation reflexive ?

14 | LetA={2,4,6,8}andR=={(a,b): ais greater thanb ; a,b€ A }on the set A .
Write R as a set of order pairs, is the relation Symmetric?

15 | LetA={1,2,3}anddefineR={(a,b):a—b=10}.show that R is empty
relation on set A .

LONG ANSWER

16
Let A=R-{3}and B =R —{1}. Consider the function f: A =B defined by
f (x) = (x- 2)/(x -3). Is f one-one and onto? Justify your answer.

17 | Consider a function f: R« > [-5,©) given by f(x) = 9x? + 6x — 5, show that f is
bijective function.

18
Show that the relation R defined by (a, b) R(c,d) =>a+d =b + con the set N XN is an
equivalence relation.

SECTION -E (4 MARKS EACH)
19 | A school is organizing a debate competition with participants as speakers S {S:,S2, S3,S4} and

these are judged by judges {Ji,J:,Js}=. Each speaker can be assigned one judge. Let R be a
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relation from S to J defined as R {(x, y) : speaker x is judged by judge y; XeS,y €J}. Based on
the above, answer the following.

(i) How many relations can be there from S to J?

(ii) A student identifies a function from Sto J as f ={(S1, J1), (S2,J2), (S35, J3), (Sa, Ja

)} . Check if it is bijective.

(iii) (a) How many one-one functions can be there from set S to set J?

(iv) OR

(b) Another student considers a relation R1 ={(S1, S2), (52, S4)} insetS. Write minimum

ordered pairs to be included in R; so that R; is reflexive but not symmetric.

ANSWERS
MCQ

1.(b) [1, ==) 2. (a) reflexive but not symmetric 3. (a)1

4. (o) {4,—-4} ¢ 5(c) 24 6(a) (2,3) eR
7.(c) neither even nor odd 8. (c) injective
Case study

(i) Here n(S)4, n(J) =3 so, n(S XJ) 4 X3 =12 . Therefore, total number of
relations from S to J are 212 =4096 .

(ii)  Notethatf(S;)=J, =f(S3).Thatis, S; and Ss are both mapped to J .
Hence, f is not one-one. Also, every element of J have at least one pre-
image in S. Hence, f is onto.

(iii)  Since fis onto but not one-one, so f is not bijective.

(iv)  (iii) (@) As n(S) =4, n(J) =3 ==i.e., n(S) > n(J) .

So, number of one-one functions from set S to set J is 0 (zero).

OR
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(iii) (b) For reflexivity, we must add the ordered pairs : (1,1),( 2, 2),( 3,
3),(4,4),(S1,S1),(52,S2),(S3,S3),(Sa, Sa).Since (S1,S2) eR and
(S2,S4) €R1 . So, we must not add the ordered pairs (S2, S1) and (Sa,
S; ) in Ry, otherwise it will become symmetric. Therefore, after adding
minimum number of ordered pairsi.e., (S1,S1),(S2,S2),(S3,S3), (Sa
, Sa ) in R1 so that it becomes reflexive but not symmetric, the new
relation R1 becomes R{(S1,S2), (S2, Sa), (S1, S1), (S2,S2), (S3, S3),
(Sa, Sa )}

ASSERSSION REASONING

In the following question a statement of Assertion (A) is followed by a statement of reason (R). Pick
the correct option: 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): If n (A) =p and n (B) = g then the number of relations from A to B is 2pq Reason (R) : A
relation from A to B is a subset of A x B

Assertion (A): The relation Rin theset A={1, 2, 3, 4, 5, 6} defined as R={ ( x, y ) :y is divisible by x} is
not an equivalence relation. Reason (R) :The relation R will be an equivalence relation, if it is
reflexive, symmetric and
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Assertion (A) : A relation R ={ (1,1),(1,2),(2,2),(2,3)(3,3)}defined on the set A={1,2,3} is reflexive.
Reason (R) : A relation R on the set A is reflexive if (a,a) ,for all a

Assertion (A): If R is the relation in the set A={1, 2, 3, 4, 5 } given by R={(a, b): |a - b| is even} R is
an equivalence relation. Reason (R) : All elements of {1, 3, 5} are related to all elements of {2, 4}

1.Answer: A Solution: A is true - No of elements of AXB = pxq, So the number of relations from A to
B is 2pq R is true — every relation from A to B is a sub set of AXB

2.Answer : A Solution: A is true-R is reflexive and transitive but not symmetric ie (2,4)€R (4,2)€eR R-
true- Definition of an equivalence relation.

3.Answer: A Solution: A is true - (a,a) ,for all a A R is true — Correct explanation for reflexive
relation.

4.Answer: C Solution: A is true- Since it an equivalence relation R is false — the modulus of
difference between the two elements from each of these two subsets will not be even
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INVERSE TRIGONOMETRIC FUNCTIONS
WORKSHEET

SECTION A (MCQ)

Que 1. | The value of sin~? (COS g) IS

(@ 3 (b= (0= (&=

Que 2. |[Ifsec™'x + sec™!y = 2m,the value of cosec™ x + cosec™! y is

(@) © (b)2rn (c) 327 (d)—=

Que 3. | The domain of the function cos 1 (2x — 1) is

(a) [0, 1] (b) (-1, 1) (©) [-1, 1] (d) [0, 7]

Que 4. | One branch of cos™! x ,other than the principal value branch corresponds to

@[5Z o) 2n] - [Z] @ [2m 3] @ (0,m)

QueS. | The value of sin™! [cos 43{] is

@ (b) % © 15 (&~

10

Que 6. |Ifsin~!x =y, then

@0 <y<m b-I<x<>  [(©0<y<n d-Z<x<7

Que7. | tan"'+/3 — sec™(—2) is equal to

T T 2
@) 7 Ol ©3 @)=
Que 8 | The domain of sin12x is
a)[-1, 1 b) (-1, 1 _11 _11
(a) [-1, 1] (b) (-1, 1) (C)[ 2,2] (d)( 2,2)
In the following questions 9 and 10, a 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 but 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.
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Que 9. | Agsertion (A): sinf‘(sins?n) = 5?“

Reason (R): Inverse trigonometric functions are many-one.

Que 10. | Assertion (A): All trigonometric functions have their inverses over their respective domains.
Reason (R): The inverse of tan™! x exists for some x € R

SECTION-B (2 MARKS)

Que 11. | £jnd the values of tan™! (tan E) + cos™! (cos 13—”)
6 6

Que 12. | [f tan'x + tan! y = 4?” then find the value of cot'x + cot!y

Que 13. | Find the value of tan™! (_731*) + cot‘l(%) + tan’! (sin(— g))

SECTION C ( 3Marks)
Que 14. | Show that sin"*(2xV1 — x2) = 2sin"lx where —— <x < —
V2 V2
ue 15. _
Q Write the function in the simplest form : tan™! < LCCZE;C) where 0 < x < 1w
SECTION-D (5 Marks)
Que 16. —1 (V1+x24+V1-x2\ T 1 -1 .2
Prove that tan (\/_sz—_ m) =, T;cosx
2
Que 17. | Eind the values of tan— (sin‘1 2 ~+ cos™! : yz), where |x]<1,y>0andxy<1
2 1+ x 1+ y

SECTION -E (COMPETENCY BASED QUESTIONS)

Que 18. | Principal Value of Inverse Trigonometric Functions”. Teacher told that the value of an
inverse trigonometric functions which lies in the range of principal branch is called the

principal value of that inverse. Based on the given information, answer the following
questions

(1) Find the Principal value of : tan![sin g]

(i)  The domain of the function cos™1(x) is
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(iii)  Find the value of cos[tan™* (%]

Or
Find the principal value of sin {g —sin~! (— ?)}

Que 19.

A satellite communication system uses inverse trigonometric functions to calculate signal
angles. The ground station needs to determine the elevation angle 6 of the satellite above
the horizon. If the satellite is at height h = 35,786 km above Earth's surface and the
horizontal distance from the ground station is d km, then the elevation angle is given by:

0=tan! (E)
d
The engineers also need to work with the relationship: sin™?! (g) + cos™? (3) = g

(i) State the principal value of sin™! G)

(i) If the horizontal distance d = 35,786 km, find the elevation angle 6.
(i) The satellite system needs to calculate the phase difference between two signals. If the

phase angles are given by a = sin™?! G) and B = cos™? (S), find the value of a + .
Or

During signal transmission, the engineers encounter the equation: 2sin™*(x) =
cos™'(2x* — 1).Find all possible values of x that satisfy this equation
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Max Marks: 20

1.

2.

[98)

hd

10.

MATRICES Work Sheet

If A is a 2x3 matrix such that AB and AB’ both are defined, then find the order of
the matrix B.

0 a 3

2 b —1] is a skew symmetric matrix, find the values a, b and c.

c 1 0
Prove that AA’ is always a symmetric matrix for any square matrix of A.

If A and B are square matrices, each of order 2 such that |A|=3 and |B|= - 2, then
write the value of |[3AB|.
If A is a square matrix of order 3 such that [adj A| = 225, find |A'|.

2x 5] _ 1|6 -2 .
If| 3 X| = |7 3 |, then find the possible value(s) of x.

Find the equation of the line joining A(1,3) and B(0,0) using determinants and find
k if D(k,0) is a point such that area of triangle ABD is 3 sq units.
4 -4 8 4]

If the matrix

Find A,if [1|[A=|-1 2 1

3 -3 6 3
1 -1 0 2 2 —4
2 3 4|landB=|—4 2 —4], find BA and use it to find the

0o 1 2 2 -1 5
values of x, y, z from given equations:

X—y =23, 2Xx+ 3y +4z =17, y+2z=17
cosx —sinx 0
Iff(x) = [sinx cosx 0}, prove that: f(x)f(—y) = f(x —y)
0 0 1

Given A =

Work Sheet —I

1.

3x3  2.(a=-2,b=0,c=-3) 4.—4, 5.£15,6. £6, 7.3x -y =0; k==2,

8.[-1 2 1], 9.BA=61; (x=-14/3,y =-23/3,z=37/3).

Work Sheet -11

Time: 40 Min

1

1

If|2§c il = |g §|,thenxwill be:
(a3 (b)-3 (c)£3 (d) any number

CcoS X —sinx 1
sin x CcoS X 1| lies in the interval
cos(x+y) —-sin(x+y) O

(A —v2,42] ) [-1,1] ©[-v21] (@ [-1,-2]

If x, y € R, then the determinant A=

—-a b c
a —-b c
a b —c

(@ 0 (b) 1 (c)2 (d)4

If = kabc, then the value of k is:

-2 0 O

1 2 3 ‘ then the value of |A (adj A)] is:

5 1 -1
(a) 100 I (b)101 (c) 10 (d)1000

If A=

If the area of a triangle with vertices (2,-6), (5,4) and (k,4) is 35 sq units, then k is
(a) 12 (b) -2 (c)-12,-2 (d) 12, -2

Assertion(A) : For any square matrix B with real number entries , B +BT is skew symmetric

matrix and B — BT is symmetric matrix .
Reason(R) : A square matrix B can be expressed as the sum of symmetric and skew
symmetric matrix
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7 | IfAis a invertible matrix, show that for any scalar k#0, (Ka)' = %A'l . hence calculate
2 -1 1
(BAY!, whereA=|-1 2 -1
1 -1 2
8 2 1 -3
IfA=|3 2 1 |, find A" and hence solve the following system of equations:
1 2 -1
2x +y—-37z=13
3x +2y+z=4
X+2y-z=8
9 1 2 -=3110 1 2
Use the product of matrices [3 2 —2||—=7 7 —7| to solve the following equations:
2 -1 111-7 5 -4
X +2y-3z=6
3x +2y-2z=3
2X —y +z=2
10 | The sum of three numbers is 6. If we multiply third number by 3 and add second number to
it, we get 11. By adding first and third numbers, we get double of the second number.
Represent it algebraically and find the numbers using matrix method.
11 2 -3 5
IfA4=13 2 -4 find A"!. Using A! solve the system of equations
1 1 =2
2x —3y+5z=11,3x+2y—4z=-5 x+y—2z=-3.
12 2 2 -4 1 -1 0
Given A=|-4 2 —-4,B=|2 3 4|,Find BA and use of this to solve the system of
2 -1 5 0 1 2
equations: y+2z=7,x—y=32x+3y+4z=17
13 -4 4 41 -1 1
Determine the product [=7 1 3 |1 —2 —2|and use it to solve the system of
5 -3 112 1 3
equationsx— y+z=4,x—2y—-2z=92x+y+3z=1
14 1 -1 2 (-2 0 1
Use the product |0 2 =319 2 -3 tosolve the system of equations
3 -2 446 1 -2
xX+3z=-9,—x+2y—-2z=42x-3y+4z=-3
15 | Three students Ram, Mohan and Ankit go to a shop to buy stationary. Ram purchases 2

dozen note books, 1 dozen pens and 4 pencils. Mohan purchases 1 dozen note book , 6 pens
and 8 pencils. Ankit purchases 6 note books , 4 pens and 6 pencils. A note book costs X 15,
a pen costs 34.50 and a pencil costs X 1.50. Let A and B be the matrices representing the
number of items purchased by the three students and the prices of items respectively. Based
on the above information answer the following questions.

(1) What is the order of the matrix B representing the prices of the items
(i1) What is the order of the matrix A representing items purchased by the three students
(i11)) What is the order of the matrix AB.
OR
Find the total amount of bill by all the three students.
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CONTINUITY AND DIFFERENTIABILITY

(WORKSHEET)

MCQs (1 Mark)

Q.1

Q.2

Q.3

Q.4

Q.5

The function f(x) =~ is

4x—x3

(a) discontinuous at only one point
(b) discontinuous at exactly two points
(c) discontinuous exactly three points
(d) None of the above

The set of points where the function f given by f(x) = |2x — 1| sinx is differentiable

(c) (0, )
(d) None of the above

1-x2

), then £ is equal to
dx

4x3

—4x3

(d) ==

The set of all points where the function f(x) = x + |x| is differentiable, is

(a) (O, OO) (b) (—OO, 0) (C) (—OO, O) U (0, OO) (d) (—OO' OO)

The function f(x) = [x], where [x] denotes the greatest integer function less than

or equal to x is continuous at

(@ x=1 (b) x =15 (c) x=-2 (d) x=4
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x2-1
Q.6 If the function f(x) = {: X #1 s continuous at x = 1, then the value of k is
k, x=1

(a0 (b) 1 (c) —1 (d) 2

S5x—4, 0<x<1

4x? +3bx, 1<x <2 IS continuous at

Q.7 The value of b for which the function f(x) ={

every point of its domain is

(a) -1 (b) O (c) = (d) 1
,1( —cos 2x)
Q.8 )lcir%% is equal to
(a) 1 (b) —1 (c) O (d) None of these

Q.9 If xe¥ =1, then the value of Z—z at x =1 is:
(a) -1 (b) 1 (c) —e (d) —=

2
Q.10 Assertion (A): Let y =t +1 and x =t8 + 1, then 27 — 20¢8

dx?

d? d (dy)\ dt
Reason (R): — = —(—y)—
dx dt \dx/ dx

SA-I (2 Marks)

[x—4| .
Q.11 Examine the continuity of the function f(x) = {2(x—4)’ if x # 4
0, ifx=4

Q.12 Check the differentiability of the function f(x) =[x — 5|, at the point x = 5.

Q.13 Find the derivative of the function: log(secx + tanx).

Q.14 Differentiate .r.t.x : tan™! {—@_1}

, x#0
Q.15 If y = sin"x + sin"'W1—x2, x € (0, 1), find ;‘—Z
Q.16 If y =x°7'%, find 2.

SA-Il (3 Marks)

Q.17 Differentiate w.r.t.x: ec0s Vi-x?

N 1
(x+1)2°

Q.18 If x/T+y+yVI+x=0 and x #y, prove that == =

2

2_ 4,2
Q.19 If cos™* C +i2) = tan"'a, prove that Z—z = %
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Y x—y dy _ logx
Q20 If xY=e , prove that dx  (1+logx)?’

LSA (5 Marks)

Q.21 If y = (sinx)@"* + (cos x)**c*, find 2.

- d 1
Q.22 If x = 52t gnd y = es"2t prove that = = —X28%
dx xlogy

Q.23 Differentiate tan‘l( 1+j§2_1

) w.r.t.tan 1x.

Q.24 If y = Acos(logx) + Bsin(logx), prove that x? 32732/ + xz—z +y =0.

_ sin71x 2 dz_y_ ay
Q25 If y= — show that (1 —x )dx2 3x——y=0.

Answer Keys
MCQs (1 Mark)

Q.1 (c) discontinuous exactly three points

4-x2 4—x?
4x-x3 x(2+x)(2-x)’

We have f(x) =

Clearly, f(x) is discontinuous at exactly three points x = 0,x = 2,x = —2.

Q2 (b) R-(5)

2

Lf'(x) # Rf'(x) at x =%, f(x) is not differentiable. Hence, f(x) is differentiable in

Q3 (b) —
y = log c;iz) = log(1 — x2) —log(1 + x?)

dy _ —2x 2x —4x

dx  1-x2  14x2  1-x*
Q4 (C) (—OO, O) V) (0, oo)

0, x<0
f(x)_{Zx, x>0

Lf'(x) # Rf'(x) at x =0, f is differentiable at x € R except 0.
Q5 (b) x=15

The function is continuous at all real nhumbers not equal to integers.
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Q.6

Q.7

Q.8

Q.9

Q.10

(d) 2

. . 21
lim £(x) = lim = = f(1)

. (k-1 (x+1)
11m _— =
x—1 x-1

k

limx+1=k

x-1

1+41=k

k=2

(@) -1

lim (5x —4) = f(1) =1, lim 4x%+ 3bx =4+ 3b
x—>1~ x-1t

44+3b=1

b=-1

(a) 1

[3(1—cos 2) J3(@sin?x) i S0F 4

lim = lim —— = lim
x—-0 X x—-0 X x>0 X
(@) -1

Diff. w.r.t.x

e +xe? =0
dx

dy _ 1

dx - x

d

ay =1
dxly=1

Or
y=—logx
dy 1

dx X

d

ay =1
dx x=1

(d) Assertion (A) is false but Reason (R) is true

d d
Y= 10t‘-’,d—’; = 8t’

dt

d 5

_y:_tz

dx 4

dzy_d(dy)dt_d(Stz)dt_lot 1 _ 5
dx2  dt\dx/dx dt\4 dx 4 8t7  16t6
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SA-I

Q.11

Q.12

Q.13

Q.14

Q.15

(2 Marks)

—(x-4 _ 1 .
(m— > fo<4
f(x):i =%, if x >4
0, ifx=4
f4)=0
LHL—ler‘I}l_f(x) == and RHL xll,T+f(x)

1
2

Clearly, LHL # RHL

f(x) is not continuous at x =4

_(5—=x, ifx<5
f(x)_{x—S, ifx>5

N f5=R)=f(5) _ .. 5-(5-h)=0 _
LF't) _1111—r>r(1) -h - }Ji% h -

-1

RF'Go) = i LEHSE) _ yy 349250 _

h—0 h

Clearly, Lf'(x) # Rf'(x), f(x) is not differentiable at x = 5.

Let u = secx + tanx, then y = logu

du d 1 1

Z =secxtanx + sec?x, —Z=-=-——
dx du u (secx+tanx)
dy _dy du _

dx  du dx (secx+tanx)

secx (secx+tanx)
(secxtanx + sec?x) = = secx
(secx+tanx)

Let x =tan8

tan—1 {\/1+tan29 —1} — tan-1 {\/secze —1} — tan-! {sec@—l} — tan-1 {1—(:05 9}

tan @ tan 6 tan @ sin @
2sin? % 0y 0 1
=tan ' {——=— 1 =tan~?! {tan E} =5= Etan_lx
2 sin cos»

We have y = %tan‘lx

dy 1, _1

dx 2 1+x2

Let x = sin@, we have y = sin 1(sin0) + sin"1(cos 9)

Since, O<sin9<1:>0<9<§=>0<§—9<§

Therefore, y = sin"!(sin @) + sin™?! {sin (g - 9)}

119 | Page



Q.16

SA-II

Q.17

Q.18

Q.19

—0+o—0 ==
y=rToTv T
Taking log both sides

logy = cos xlogx

Using product rule

1

1dy _cos™'x , —logx

ydx = x 1-x2

dy cos—1x (cos‘lx —logx)
—_— =X —_—

dx x 1-x2
(3 Marks)

cos W1-x2

y=e

d d —1,/1_,2 -1./1_,2 d _
@y _ _{ecos 1-x } — pCos V1-x —{COS 1,/1 _xz}
dx dx dx

cos W1-x2

=€

-1 d 1 >
N cero i A

cos™W1-x2 —1 ] 1 i (1 _ xZ)
J1—(1—x2) 2V1—x2dx

=e

cos™IW1—x2 —1 ] 1 (—Zx)
J1—-(1—-x2) 2V1—x2

1
V1 —x2

xJ1+y+yV1I+x=0
= xJ1+y=—-yvl+x

= x2(1+y) =y?>(1+x)

= e

-1 2
— pCoSs 1-x
=e

= x2 —y2 = xy? — x%y
= x-y)x+y)=-xyx—-y)
>x+y=-—-xy
=>y+xy=-—x

=>y(1+x)=—x

1+x
ay _ {(1+x)-1—x(0+1)} _ 1
Now, 2% = (1+x)2 T (1+x)2
2_,,2
cos™t (z2+§2) = tan"'a
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Q.20

x2—y?
x2+y?

2x2 k+1

Diff w.r.t.x,

2d (. 2 2d 2
y a(x )—x E(Y ) _

(another constant)

0

d
= y2(2x) — x2<2y>d—z =0

2.,4y _ 2
= 2x ydx—ny

v _y

dx ~ x
Taking log both sides
ylogx=x—y

> ylogx+y=x

= y(1+logx) =x

?)?

= cos(tan™'a) = k,where k is a constant

= =
y 1+logx
Diff. w.r.t.x
d d 1
dy _ (1+logx)a(x)—xa(1+logx) _ (1+logx)-1—x(0+;) _ logx
dx (1+logx)? - (1+logx)?2 - (1+logx)?

LSA (5 Marks)

Q.21 Let u = (sinx)®"* and v = (cos x)%¢*

Q.22 logx = cos2t and logy = sin2t

logu = tanx log(sinx) and logv = secxlog(cos x)

1
udx

du
dx

and & = secx ;—x {log(cos x)} + log(cos x) % (secx) = secx

vdx

ay du dv
dx dx dx

— = (sinx)®"*{1 + log(sin x) sec?x}

— = (cos x)5*“*{secx tan x log(cos x) — secx tan x}

C

S
os

inx

X

ldu _ a . . a — cosx . 2
= tanx— {log(sinx)} + log(sin x) — (tanx) = tanx prawwl log(sinx) sec“x

+ sec x tan x log(cos x)

= (sinx)®"*{1 + log(sinx) sec?x} + (cos x)5¢°*{sec x tan x log(cos x) — sec x tan x}
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Q.23

Q.24

Q.25

1dx . 1d

~Z = _2sin2t and == = 2 cos 2t

x dt y dt

dy dx . .

—, = 2ycos2t and — = —2xsin2t
d dy/dt 2y cos 2t logx

Now, & = y/dt _ 2y s2t _ _ylog
dx dx/dt —2xsin2t xlogy

Vi+x2-1
X

Differentiate tan_l( ) w.r.t.tan 1x.

Let x = tan@

tan‘l {\/1+tan26 —1} _ tan‘l{ sec?6 —1} _ tan‘l {sec@—l} _ tan‘l{

tan 6 tan 6 tan 6
., 0
2sin? > )
= tan~ ! — (= tan™?! {tan E} =
2 sin~cos
dy 1

| @ _
We have y =-tan™'x = — = )

_ dt 1
Let t =tan lx = — =
dx 1+x2

dy _ dy/dx _ 1/2(1+x*) _ 1
dt ~ dt/dx  1/(14x2) 2

d —Asin(l B 1 d
dy _ sin(log x) + cos(logx) N y _

dx x
= dz_y n ay 1= __Acos(logx)  Bsin(logx)
dx? = dx x x
2 d2%y dy _ . _
S xSt x—= —{A cos(logx) + Bsin(logx)} = —y
2 d%y dy
= e —_— =
xX° == +x Tx +y=0
_sin"1x oy d2y dy _
If y= — show that (1 —x )dx2 3x——y=0.
dy _ 1—x2%(sin'1x)—sin‘1x% 1-x2
dx 1-x2

(1 _xz)z_izz m 1 _sin‘lx(—Zx) -1 +xsin‘1x —1+xy

V1-x2 2V1-x2 V1—x2

z(l—xz)z—z=1+xy

d?y dy dy
=>(1—x%)—=—-2x==x—=
( )dx2 dx dx+y

d? d
:>(1—x2)d—sz/—3x£—y=0.

xX—== Asin(logx) + B cos(log x)

122 |Page



Worksheet: Application of Derivatives

Concepts Covered

e 1. Derivative as Rate of Change

e 2. Increasing and Decreasing Functions
e 3. Tangent and Normal to a Curve

e 4. Maxima and Minima (Local/Global)

e 5. Simple Word Problems using Derivatives

Part A: Multiple Choice Questions (MCQs)

QI. The slope of the tangent to the curve y =x*-3x +2 atx = 1 is:

A)0 B)1 C)-2 D)3

Q2. For the function f(x) = x* - 6x* + 9x + 15, the function is increasing in the interval:
A) (=2, 0) B) (0,2) C) (2,®) D) (0, 1)

Q3. If the normal to the curve y = x? at a point (a, a?) passes through the origin, then a is:

A)0 B)1 C)-1 D)+l

Part B: Short Answer Type Questions

Q4. Find the equation of the tangent and normal to the curve y = V(3x - 2) at the point where x = 3.
Q5. Find the point on the curve y = x* + 7x + 10 at which the tangent is horizontal.

Q6. Show that the function f(x) = 3x* - 4x* + 6 is increasing in (—o, 0) U (1, ).

Q7. A spherical balloon is being inflated so that its volume increases at a rate of 100 cm?®/sec. Find the

rate of increase of its radius when radius is 5 cm.

Part C: Long Answer Type Questions

Q8. Find the maximum and minimum values of the function f(x) = x* - 6x> + 9x + 1 on the interval [0, 4].
Q9. Find two positive numbers whose sum is 60 and whose product is maximum.

QI10. A closed cylindrical tank of volume 256 m? is to be made. Find the dimensions (radius and height)
of the tank such that the surface area is minimum.

Q11. Find the point on the curve y = Vx which is closest to the point (3, 0).

Part D: Previous Year-Based and Model Questions (CBSE 2023-2025 Style)

Q12. (CBSE 2024) The function f(x) = x* - 4x> + 10 has local minima at:

Find critical points and classify them using the second derivative test.
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Q13. (CBSE 2023) If the slope of the tangent to the curve y = ax* + bx + ¢ at the point (1, 2) is 5, find the
value of aand b givena+b +c=2.

Q14. (CBSE 2024) A window is in the shape of a rectangle surmounted by a semicircular opening. The
perimeter of the window is 10 m. Find the dimensions for which the area is maximum.

Q15. (Model 2025) Show that the function f(x) = x/(x + 1) is increasing on (—1, ).

Q16. The volume of a cube is increasing at the rate of 9 cm®/sec. How fast is the surface area increasing

when the edge is 3 cm?

Part E: Skill-Based Questions (Challenging)

Q17. Find the interval(s) in which the function f(x) = x/(x*> + 1) is increasing or decreasing.

QI18. Find the minimum distance between the point (0, 0) and the curve y = x* + 1.

Q19. Find two positive numbers whose product is 256 and whose sum is minimum.

Q20. A cone is being formed by folding a sector of a circle. Show that the cone of maximum volume is

obtained when the radius of the sector is three times the slant height of the cone.
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WORK SHEET INTEGRAL

INDEFINITE INTEGRAL

1.Given [ 2*dx= f(x)+c then f(x)=

< < ) i 2X+1
@ 2% (b)2%loge? (0) 0y () -
2. Given [ m dx is equal to
(a) sin%x - cos?x +c (b) -1
(b) (c) tan x +tcot X+ ¢ (d) tan x- cot x +¢

cos 2x—cos 20 .

3. f m dx is equal to
(@) 2(sin x+ x cos 0) +c (b) 2(sin x-x cos 0) + ¢
(¢) 2(sin x +2x cos 0) +¢ (d) 2 (sin x- sin 0) +c
4. [ cot® x dx equals to
(a) Cotx—x+c (b) —cot x+x +c
(c) cot x +x +¢ (d) — cot x-x +¢

SHORT ANSWER TYPE QUESTIONS
. 3+3cosx
Find [ ———— dx

X+sin x

. dx
Fll’ld Im dX
3

[—

sin?x—cos?x

sinx cosx

> dx

X“+16 5

. cos 2x+2 sin“x

Find [SoS2X+Zsinx gy
cos X

Find [

SeC X

Vtan2x+4
Find [ V1 — sin 2x dx
Find f (x2+sin2X2)sec2x dx

1+x

Find [ e* = _1)3 dx
Find [ sin™1(2x)dx
F1ndf3 5sinx dx

tan x.sec?x
Find [ ———— dx
1-tan®x

Find [ sinxlog(cosx) dx
Find [

A AT L O
3
=
o,
—

p—
=

p—
N —

—
AW

sin®x+ cos®x

[E—
94

sin?x.cos?x

LONG ANSWER TYPE QUESTIONS
dx

6xX+8

3x2+6x+2
1—tan?x

1.  Find [
2. Find [

2x
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DEFINITE INTEGARL
MCQ’s

Q.No | Question Mark

1 f:{; Sec?xdx 1
@-1 (b)0 © 1 (d) 2

2 1 (x-x3)1/3
Jis—0a

(a) 6 (b)0 (©1 (d)4

dx is

0  4+9x2

@ (b) 7 (/24 (D)m/4

4 fl dx . 1

0 1+4x2

(@0 (b) m/4 (c)m/12 (d)m/6

5 f_llx” + x’! dx is 1

()1 (b)0 ()2 (d) 4

Problems for Practice
All the questions carry 3 marks

sinx

1 Evaluate | 01 —
2 Evaluate fol cot™1(1 — x — x?)dx

3 Evaluate [ /2 (Jtanx + vcotx) dx

4 Evaluate ff{2|XSil’lT[X|dX

1 xd
5 Evaluate | 1X+;2

6 Evaluate f13|2x — 1] dx
7 Evaluate [°" —

0 14esSinx

2 x%dx
8 Evaluate [7,——

n/3  dx
9 Evaluate f“ /6 1++tanx

10 Evaluate fon/z( 2logcosx — logsin2x)dx
All the questions carry 5 marks
1 Evaluate f_21|X3 — x|dx

2 Evaluate f_66|X + 3| dx

T/2 xsinxcosx
3 Evaluate fO m
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xdx

4  Evaluate [

0 aZcos?x+b2sinZx

S Evaluatefo ta:;j-ZZCX
MCQ

1 foz(x2+3)dx is

(2)8 (b) 25/3 ©263 ()9
2 ['sin? xdx is (a)g (b)g (c)g (d)m
3y e 8 ()] OF (@2 (d)2
4 f;=d
(a) 22 (b) =2 (©) 2log2-1  (d) 2log2 +1
5, /6 cosx cos2x dx
(2) % (b) 5/12 (©) 173 (d)-1/12
6 f 1 ex-dl-)e(‘X
(a)ol -11/4 (b)tan"te
(c))tan"le + m/4 (d)tan"te —m/4
70
(a) (b)> —1 ©Om/2+1  (d)o
8 Jy" log o)
(a) 2 (b) 3/4 ©) 0 d) -2
9f tan™* 1i); ;dx
(a) 1 - (b) 0 ©) -1 (d)m/4

/2 tanx .

IOnf —ermdx is
(a)7 (b) m/3 (c) /4 (dm

w2 dx
1 f 1+tanx
(a) = > (b) m/3 (c) m/4 (d)m
12 f_ll sin3x cos?x dx
(2) 0 (b)1 ©)2 ()3

ASSERTION AND REASONING BASED PROBLEMS

In the following questions a statement of assertion Statement 1 is followed by statement of
reason Statement 2 Mark the correct choice as

(a) If statement 1 and statement 2 is true and statement 2 is the correct explanation of 1

()  If statement 1 and statement 2 is true and statement 2 is not the correct explanation of
1

(c) If statement 1 is true and statement 2 1s false
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(d) If statement 1 1s false and statement 2 is true
Now answer the following

1 Statement I fon/z sin’xdx = m/4
Statement 11 [ Oa f(x)dx = | Oa f(a —x) dx

Vxdx
VX +V5—x =172

Statement II [ f(x)dx=2 f(x)dx if f(x)=f(2a-x)

2Statement [ |, 23
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WORK SHEET APPLICATION OF INTEGRAL

1. Find the area enclosed by curve 4 x>+ 9 y>=36
(b) 61 sq units (b) 4nsq units
(c) 971 sq units (d) 361 sq units
2. The area enclosed between the graph of y = x> and the lines
x=0,y=1,y=81is
(a) 7 (b) 14 (c)45/4 (d)None of these
3. The area of the region bounded by the curve y* = x, the y-axis and between y = 2
andy=41is
(s) 52/3 sq. units (b) 54/3 sq. units
(c) 56/3 sq. units (d) None of these
4. The Area of region bounded by the curve y? =4x, and its latus rectum above x axis
(a)0 sq units (b) 4/3sq units (c) 3/3 sq units(d) 2/3 sq units
5. The Area of region bounded by curve y=x and y = x? is
(a)1/2 squnits (b) 1 /4 sq units (c) 9/2 sq units (d) 9/4 sq units
6. The area enclosed by the circle x*+y* = 2 is equal to:
(a)4n sq units (b) 2V2u1 sq units (c) 411° sq units (d) 211 sq units
7. The area of the region bounded by the parabola y = x> and y = |x| is
()3 (b)1/2 () 173 (d)2
8. Find the area enclosed between curvesy=x2+2,y=x,x=0,x=3
0. Find the area of the region bounded by the curve y=sinx between the lines x=0 ,
x=n/2 and the x-axis.
10. Find the area enclosed between curves y = 4x — x>, 0 < x < 4, x-axis
11. Find the area {(x,y): x? +y2 <1< x+y} {(x,y): X2+ y*< I<x+y}
12. Find the area enclosed between y % = 4ax and its latus rectum
13. Find the area bounded by the curve y = cos x between x =0 and x = 2n
14 . . x? y?
: Find the area of the region bounded by the curve =t = 1
15. Using the method of integration find the area bounded by the curve |x|+|y|=1
16. Find the area enclosed between curvesy=x3 x=-2,x=1,y=0
17. Using integration find the area of the region x? + y? = 4 and x = /3y with x-
axis in first quadrant.
18. In the figure given below O(0, 0) is the center of the circle. The line y = x meets the

circle in the first quadrant at point B. Answer the following questions based on the
given figure.

-

e s

/ I /I A
X M g X
( L /(.I“,(I»
\\ /
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(1) The equation of the circle is

(i1) The co-ordinates of B are

(ii1) Area of AOBM is sq. units.
(iv) Ar (BAMB) = sq. units.
(v) Area of the shaded region is sqg. units.
19. wi >
-
A child cuts a pizza with a knife. Pizza is circular in shape which is represented by
x% + y? = 4 and sharp edge of the knife is represented by x = v/3y. Based on this
information, answer the following questions.
(1) The points of intersection of the edge of the knife and the pizza as shown in the
figure are and
(i1) Which of the following shaded portions represents the smaller area bounded by
pizza and edge of knife in the first quadrant?
20. Graphs of two functions f(x) = sin x and g(x) = cos x are given below.

Based on the same, answer the following questions.

N/

(1) In [0, ], the curves f(x) and g(x) intersect at x=

(ii) Find the value of [#sin x dx.

T

(iii) Find the value of [? cos x dx.
4

(iv) Find the value of [;"sinx dx.
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Worksheet

Differential Equations

2,073 4
1. What is the degree of the differential equation y (%) +x (Z—z) +y°=0
(a) 6 (b) 4 (c)5 (d) 3
. . . dy\2 d?y .
2. The order and degree of the differential equation (E) +4 pry 5=01is
(a) order 1 and degree 2 (b) order 2 and degree 2
(c) order 2 and degree 1 (d) order 1 and degree 1
3. The Integrating Factor of the differential equation Z—z - % = 2x%is
1 1
(a) (b) x (©) -1 @ 1
4. Find the particular solution of the differential equation Z—z + sec?x.y = tanx.sec?x, given that y(0)

~0.(3)
Solve the differential equation given by xdy — ydx —/x? + y?dx = 0. (3)
Find the general solution of the differential equation :% (xy?) = 2y(1 + x?).

Solve the following differential equation :xe¥ — y + x Z—z =0.

. . . . . . d
Find the particular solution of the differential equation d—z =

,y(1) =0.
X
Find the general solution of the differential equation e* tany dx + (1 — e*)sec?ydy = 0.
10. Find the particular solution of the differential equation xdx — ye”v1 + x2dy = 0, given that y = 1,

when x = 0.

o e 3w

11. Solve the differential equation x cos (%) % = y cos (%) + x.
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WORKSHEET

VECTOR ALGEBRA
1. If|a] = 8, |E| = 3 and |& X B| = 12 then the value of @.b IS
a) 123 b) 12 ¢  -I2 d) -12v3
2. Area of a parallelogram whose diagonals are along vectors i+ 2k and 2j — 3k is
a) V29 b) %m ¢) —41+3j+2k d) None of these

3.1f d, b and & are mutually perpendicular unit vectors then the value of 24 + b + é| is
a) V5 b) V3 0 V2 d) 6

4. For what value of p , is (i + j + k) p a unit vector ?

a) t b) +1 ¢) *3 d)++3

5. Which of the following vectors is equally inclined to axes
a) i+j+k by i-j+k ¢ i—-j—k d) -i+j-k
6. Show that the vectors 2i—j+K, =35k and 37—4j—4K form the sides of a right-angled triangle.
7.1fd=20—j+kb=1+]— 2k and é =1+ 3] — k, find A such that @ is perpendicular to Ab + ¢ .
8. Find a unit vector perpendicular to both a = 3i + 2j + 2k and b =i + 2j + 3k.
9. Find the value of A for which the two vectors 2i — j + 2k and 31 + Aj + k are perpendicular.
10.If |d| = 2, B| = 3 and d.b = 4 then find the value of |[d — E|

11. If the sum of two unit vectors is a unit vector , prove that the magnitude of their difference is V3 .

12. Let d and b be two vectors such that |@| =3 and |E | = ? and @ xb is a unit vector. Then what is the
angle between @ and b ?
13.1fd= i+j+kandb = j—k, find a vector ¢ such thatd x ¢ = b and 4.¢ = 3.

CASE BASED QUESTIONS

14.A man is watching an aeroplane which is at the coordinate A(4,-1,3) assuming that the man is at O(0,0,0) .At

the same time he saw a bird at the coordinate point B(2,0,4).
Based on the above information answer the following:

(a) Find the vector AB.
(b) Find the distance between aeroplane and bird.

(c) Find the unit vector along AB .

OR
Find the direction cosines of AB .

15.A class XII student appearing for a competitive examination was asked to attempt the following questions.

Let Ifd,b and ¢ be three nonzero vectors .
(a)If|d + b | = |d@ — b| then find the relation between @ and b .
(b)If G and b are unit vectors and 6 be the angle between then find |d — b|.
(c)Ifd,b and & are unit vectors such that @.b =d.¢ an angle between b and & is30° then find k if
d=k(bx?7) .
OR

Find the area of the parallelogram formed by d and b as diagonals.
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WORKSHEET THREE DIMENSIONAL GEOMETRY

. . . . 111 :
1. Ifthe direction cosines of a line are (Z’Z' Z) ,the value of a is

a) 3 b) 43 <) -+V3 d V3
2. Vector equation of a line is # = (41 — 2j + 5k) + u(i + 37 — 2k) ,the Cartesian form of a line is:

x—4 y+2 z-5 x+4 y—-2 zZ+5
@T==5 BT ==%

3 -2 1 3 -2

x4 _yvz_zS
(=222 (d)

x+4 _ y-2 zZ+5

—1 3 2
3. If a line makes angles g,g and 6 with the positive x, y and z axes respectively, then 6 is
@#*7  (*; (@©gonly  (d)gonly
4. The acute angle between the line # = i + j + 2k + u(i — j) and the X-axis
a)g b)3i c)g d)g
5. The equation of a line passing through the point (3,-1,5) and parallel to vector (i + 2j — k) is;
@x=t+3 , y=2t—1,z=—-t+5
b)x=t+3 , y=-2t—1,z= —t+5
c)x=t+3 , y=2t—1,z=1t+5

dDx=t—-3 , y=2t—1,z= —-t+5

6. . Write the vector equation of the line whose Cartesian equations is

X+3 y—5:z+6
2 4 2

7. Find the points on the line x3L2 =X ? at a distance of 5 units from the point P(1,3,3).

2
8. Find the equation of the line passing through the point of intersection of the lines % = yT_l =

z—2 y

-1 -7 . . .
e and xT = 5= ZT and perpendicular to these given lines.

2x+4 _ y+1 _ —2z+6

9. Find the point Q on the line S - =——, ata distance of 3v2 from the point P(1,2,3).

. . . . x+2 -
10. . Find the coordinates of a point where the line - YTS = Z:—l cuts YZ- plane.

11. The cartesian equations of a line are 3x + 1 =6y — 2 = 1 — z. Find the fixed point through which it passes
, its direction ratios and also its vector equation.

12. Show that the lines # = 31 + 2j — 4k + A(i + 2j + 2k) and #=5i— 2] + u(3i + 2j + 6k) are
intersecting. Hence find their point of intersection.

13. Find the shortest distance of the following lines:

P=1+2f+k+A0—j+k) and 7=21—f—k +pui+j+2k) .
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14. Anu made a cuboidal fish tank having coordinates O(0,0,0) , A(1,0,0), (1,2,0), C(0,2,0) ,D(1,2,3)
,E(0,2,3),F(0,0,3) and G(1,0,3)

G(1, 0, 3)

a) Find the the direction cosines of AB .
b) Write cartesian equation of the dlagonal OD.
c) Find the direction ratios of AB and BC .

OR

Show that the line AB and BC are perpendicular to each other.
15.Read the following passage and answer the questions given below:

Electrical transmission wires which are laid down in winters are stretched tightly to accommodate
expansion in summers.

w

. . . 1-x 7y—14 zZ—
Two such wires lie along the lines [;:— = ==

3 p 2
7-7x y-5 6—z
Ly: =t—=—
3p 1 5
(1) Write the direction ratios of the line [;.

(i1) If cosa, cosf and cosy are the direction ratios of the line I,, then find the value of sin’a +
sin?p + sin®y.
(iii))  Find the value of p if the lines [; and [, are perpendicular to each other.
OR

If the lines /; and [, are perpendicular to each other, find the vector equation of a line passing
through the point (1,2,3) and parallel to the line L,.
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S.N.

WORKSHEET LINEAR PROGRAMMING
MCQs MARKS
The maximum or minimum value of the objective function occurs at:
a) Origin
b) Boundary line 1
c¢) Corner points of the feasible region
d) Centre of feasible region

The maximum value of Z = 4x +y for a L.P.P., whose feasible region is shown
below is:

M {0, 20)

a) 50
b) 110
c) 120

»X

E(@00) AGOT

d) 170

In the LPP, x> 0 and y > 0 are called:
a) Additional equations

b) Non-negative constraints 1
¢) Inverse conditions

d) Elimination rules

If the feasible region of a linear programming problem with objective function Z
= ax + by, is bounded, then which of the following is correct?

a) It will only have a maximum value.

b) It will only have a minimum value.

¢) It will have both maximum and minimum values.

d) It will have neither maximum nor minimum values.
SA (2 MARKS EACH)

Minimize Z = 50x + 70y

Subject to the constraints: 2

2x+y=>8, x+2y>10, x,y=>0

Solve the following LPP graphically:

Maximize: Z=2x + 3y, subjecttox+y<4,x>0,y>0
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\S]

~N O O b~ W

Maximize : P = 40x + 50y, Subject to the constraints
3x+y<9
x+2y<8
andx>0,y>0

ANSWERS
c¢) Corner points of the feasible region
b) (2, 3)
b) 110

b) Non-negative constraints

The minimum value of Z is 380 obtained at the point (2, 4).

The maximum value of Z is 12 at the point (0, 4).

P is maximum at x =2 and y = 3 and maximum value of P is 230
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S.N.
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PROBABILITY WORKSHEET
MCQs

A committee of 3 is formed from 3 boys and 2 girls. What is the probability that the committee
includes at least one girl?

(A) 9/10 (B) 4/5 ©)3/5 (D)%

A and B are events such that P(A) = 0.6, P(B) = 0.5, and P(A U B) =0.9. What is P(A N B)?

(A)0.2 (B) 0.1 (©)04 (D)0.3

If P(E) = 0.6, P(F) = 0.5, and P(E N F) = 0.3, then events E and F are:

(A) Mutually exclusive (B) Independent (C) Dependent (D) Complementary
ASSERTION/REASON TYPE QUESTIONS

Choose the correct options for questions 4 and 5:

Options:

(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): If two events are independent, they cannot be mutually exclusive.
Reason (R): Mutually exclusive events imply P(A N B) = 0, while independent events imply
P(A N B) =P(A) x P(B).

Assertion (A): If P(A) =0, then P(A U B) = P(B).
Reason (R): A null event does not affect the probability of union.

A die is thrown three times. Events A and B are defined as below:
A : 4 on the third throw

B : 6 on the first and 5 on the second throw

Find the probability of A given that B has already occurred.

An urn contains 10 black and 5 white balls. Two balls are drawn from the urn one after the other
without replacement. What is the probability that both drawn balls are black?

A die is thrown. If E is the event ‘the number appearing is a multiple of 3° and F be the event
‘the number appearing is even’ then find whether E and F are independent ?

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

A and B throw a die alternatively till one of them gets a ‘6’ and wins the game. Find their
respective probabilities of winning, if A starts first.

ANSWERS
9
A 5

(A)0.2

Marks

137 | Page



whn B~ W

10

(B) Independent
(A)
(A)

m Nw e
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,_;|U"

and F are independent events.
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CBSE PREVIOUS YEARS QUESTION PAPERS

PAPER 1 (WITH SOLUTION)

0. No.

EXPECTED ANSWER / VALUE POINTS

Marks

SECTION - A

Questions no. 1 o 18 are multiple choice questions (MC0s) of 1 mark each.

QL -1 0 0
IfA=|0 1 0/, then A lis
0 0 1
-1 0 0] 1 0 0
(A) 0 —1 ( (B) 0 -1 i
0 0 -1 0 0 -1
[—1 0 0 =1 0 0
(C) 0 =1 1 (1) [ 1 0O
0 0 1 0 0 1]
Ans -1 0 0]
(D) 0 1 0 1
0 0 1]
QE- —% M, & =Y —n M .I' oy .
If vector a =31 +2) —k and vector b =1 —j + k., then which of the
following is correct 7
—* —¥ — —¥
(A) a |l b By a Lh
© |'b|>|al M lal=|h|
Ans ) o
(B) a L b !
Q3. 1| |
j X odr, x#0is equal to
-1 *
(A) =1 (By 0
(Cy 1 (D) 2
Ans | (B) O !

139 | Page



v

Q4. | Which of the following is not a homogeneous function of x and y 7
(A) v2—axy (B) x-3y
(C) sin® LAME (D) tanx—secy

r ox
Ans [ (1)) tanx—secy !
Q. Iffixi=| x| + | x—1 |, then which of the following is correct ?
(A) fi{x) 1s both eontinuous and differentiable, at x =0 and x= 1.
(B) f(x) is differentiable but not continuous, at x=0and x = 1.
(C)  [({x) 15 continuous but not differentiable, at x =0 and x= 1.
(D) f{x) is neither continuous nor differentiable, at x =0 and x = 1.

s (C) f(x)1s continuous but not differentiable, at x =0 and x = 1. 1
If Ais a square matrix of order 2 such that det (A) = 4, then det {4 adj A)
is equal to
(A) 16 (B) 64
(C) 256 (Dy 512

Ans | (B) 64 :

Q7. If E and F are two independent events such that P(E) = % P(F) = 3 then

., I
P(E/F) is equal to
1 1
(A) G (B) 3
2 T
)y — M —
(C) 3 (1) 5
Ans {C} E 1
a

08, The absolute maximum value of function fix) = 2° - 3x+ 21in [0, 2] 1s :
(A) O (B) 2
(C) 4 (I 5

A 1

ns C) 4
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8. 1 -2 -1] -2
LetA=| 0 4 —1‘~ B=|-5|,C=198 7], which of the [ollowing 1s
-3 2 1| |-7
defined 7
(A) Only AB (B) Only AC
(C) Only BA (D) All AB, AC and BA
Ans | (A) Only AB !
1
Q10. % 1
IFJ- - dr=k -2* +C, then k is equal to
o2
@ — (B) —log 2
log 2 &
© -1 m =
| 2
—1
Ans U'U 1
log 2
11. - 5 » -
2 lfﬂ}+};+ﬂl=ﬂ,|3}|=v'r3_7,ih|=3alld|ﬂh|=4,fhEn:lﬂglE
between b and ¢ is
T n
A) = B) —
() 6 (B) 1
n n
C) = Dy =
() 3 (D} )
Ans 1T
€) — :
3
. . . : : g Ay _ o
Q12. | The integrating factor of differential equation (x + 2y e 2y 18
x
- 1
(A) e* (B) —
Jy
1 L
(C) —3 (D) e ¥
y
Ans |

(B)

4
Jy
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Q13.

T

ItA=0
0

X
0| 15 a scalar matrix, then v* is equal to
y

(A O By 1

(C) 7 () =7

o =1 o

Ans

(B) 1

Q14

The corner points of the feazsible region in graphical representation of a
L.P.P. are (2, 72), (15, 200 and (40, 15). If £ = 18x + 9y be the objective
funection, then

(A) Zis maximum at (2, 72), minimum at (15, 20)

(B) %13 maximum at (15, 20) minimum at (40, 15)

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

(D} Zis maximum at (40, 15), minimum at {2, 72)

Ans

(C) Z1is maximum at (40, 15), minimum at (15, 20)

Q15.

If A and B are invertible matrices, then which of the following is not correct 7
(A) (A+Byl=B"1+a"l (B) (ABy!=pB"1a1
(C) adjiA)=] A | A7 M 1A =] A

Ans

(A) (A+B)'=DB"1+A"

Q16.

If the feasible region of a linear programming problem with objective
function Z = ax + by, is bounded, then which of the following is correct 7
{A) It will only have a maximum value.

(B) It will only have a minimum value.

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

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

Ans

(C) It will have both maximum and minimum values

017.

The area of the shaded region bounded by the curves v£ = x, x = 4 and the
x-axis is given by

(A) ird.r (B i.‘r“"d?'
D

4
(C) Ejﬂ dx (D) j,,.'? da
i i)

Ans
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Q18. The graph of a trigonometric function is ag shown. Which of the following
will represent graph of its inverse ?
ki
i 1
(A) (B)
- mid 1 L =l i w'd
-1 -1
====r X
(C) \ 2
=] IJ\]
Ans

-1 o 1

Assertion — Reason Based Questions

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

(A)
(B)

(C)
()

Both Assertion (A) and Reason (R) are true and the Reason (R) 1s the
correct explanation of the Assertion (A).

Both Assertion (A) and Reason (R) are true, but Reason (R) 15 not the
correct explanation of the Assertion (A).

Assertion (A) 15 true, but Reason (R) 15 false.
Assertion (A) 18 false, but Reason (R) 1s true.

Q189.

as f(x) = 3x - 5, vx € Z is a bijective,

injective,

Assertion (A) : Let Z be the set of integers. A function {: Z = Z deflined

Reason (R) : A function is a bijective if it is both surjective and

Ans

(D) Assertion (A) i1s false. but Reason (R) is true.
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Qz0. Assertion (A) : f(x) = {HI 5 ¥ 5'?
2k , x>5
18 continuous at x =5 for k = %
Reason (R) : For a function f to be continuous at x = a,
_tli_',“u flx) = _fli_r,.ﬂ;,r f(x) = f(a).
Ans

(DY  Assertion (A) 15 false, but Reason (R) 15 true.

SECTION B

This section comprises very short answer (V5A) type questions of 2 marks each.

Q21. | (a) Differentiate 2°°°¥ w.r.t cos? x.
OR
a2 o — o2 dy
by  If tan™! (x2 + v%) = a?, then find I
X
A
SO et u=2 *:;%ﬂ‘“”{—zm xsin x)log 2 1
5 dv
Let v=cos x:’:a=— 2C08 Xsin x 1%
()
du dx cea ¥
Now——=-—2=2" "log2 b
“wd’v dv %
dx
OR
Ansd) | tan (¥ + y*)=a’= ¥ + * =tana’ '
Differentiatebothsides wrt x,
dy
2x+2 =)
"Vch- 1
dx y
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Q22

_1§]

Evaluate : tan™! [2 sin [2 Cos

Ans

ol ]

—tan™! Esin[ 2% E]:|=t:m"[zsin£}
i 6 3

=tan™'| 2x %} tan™ 1JE=%

Q23.

» M
The diagonals of a parallelogram are given by a = 21
—p

oy M Ta
b =i +3) — k. Find the area of the parallelogram.

& My
- 3] + k and

Ans

i k
dxb=(2 -1 1|=
1 3 -1

—2i+3j+Tk

Areaof parallelogram =%|Ex f:-|

R e (7}
_E\J’{ 2) +3°47° = ;

Q24

i

Find the intervals in which function fix) = Hx?® — 3x? is (1) increasing (i)

decreasing.

Ans

F(x)=5x" 35" = £(x)="Vx(1-%)

Forincreasing /decreasing, put ' x)=0
= x=0,1
( E}Whmxe[ll,l] , F'( x)20.S0, fisincreasing when xe [ﬂ,l]
(Theintervals {ﬂ,l},[ﬂ,l]nr{ﬂ,l] canalsobeconsidered.)
( E}wtmnxe[l,m}, f'( x)<0.So, fisdecreasing when xe [l,m]
(Theinterval (1,cc)canalsobeconsidered.)
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Q23 [(a) Two friends while flving kites from different locations, find the
strings of theiwr kites crossing each other. The strings can be
— A A A B A LY A
represented by vectors a = 31 + ) + 2k and b = 21 - 2§ + 4k.
Determine the angle formed between the kite strings. Azsume there
15 no slack in the strings.
OR
{(b) Find a vector of magnitude 21 units in the direction opposite to that
—
of AB where A and B are the points A(2, 1, 3) and B(8, =1, O)
respectively.
Ans{a) | Let the required angle between the kite strings be &.
a.b
Then,cos8 =——
allb
(3E+}+ zi:](zi-zﬁ »uf:] 12 3
= 008 == = = 1%
VO+14+4A+44+16 336 421
= 0=cos™ | == | arcos™| —= by
+ 336 J21
OR
Ans(b) | BA=—6i+2j+3k 1
Required unit vector of magnitude21
—21x —6i+2j+3k "
J36+4+9
=3(~6i +2j+ 3k) or— 187 + 6+ 9k b
SECTION C
This section comprises short answer (SA) type questions of 3 marks each.
Q26. | The side of an equilateral triangle is increasing at the rate of 3 em/s. At
what rate its area increasing when the side of the triangle is 15 em ?
Ans da
Let'a'bethesideof thetriangle,so d{=3mnfs Ve
3 .
Now areaof anequilateral triangle, A= 3 2
dA qﬁa da
s A 1%
de 2 dt
dA 3x15 453
So— =~"Ir_ :-:3=—J_cmzfs 1
'dr a=15rm E
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Solve the following linear programming problem graphically :
Maximise Z = x + 2y
Subject to the constraints :

x-yz0
x—2y=z-
x20,vy20
Ans ¥-axis
Far
el
graph
and
shading
1%
Corner Point | Value of Z=x+2y .
or
Correct
0(0,0) 0 table
A(2,2) 6 !
Since feasible region is unbounded. Plot x + 2y = 6 which has common region
with feasible region, thus £ has no maximum value, %
A X +s8inx
" 1 (a) Find: I dx
l+cosx
OR

() Evaluate :

.
4
!-::ﬂs ¥ 2sin 2x
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Ansia)

OR

Ans(b)

,rj-_:. dx
" cos® x+/2sin2x
_ dx

T2 I cos® x+/tan x

“!:l+tan x!mc‘x
dx

lan x
Puttm11=£:bsacz xdy=di
l-l'l+.l'z

mll-

=E![$+‘”Z a
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Q29

(a)

(b)

Verify that lines given by r o= {1-— I'.]'; + (A — E‘J? + (3 — E}.}E and

¥ M A A
r=Eip+ )i 420 —-1)) - (2p + 1)k are skew lines. Henee, find
shortest distance between the lines,
OR

During a cricket match, the position of the bowler, the wicket keeper

¥ M FY
and the leg shp helder are mn a hine given by B = 21 + 85,

>N A = . A : .
W =61 +12j and F =121 + 18; respectively. Calculate the ratio

in which the wicketkeeper divides the line segment joining the
bowler and the leg ship fielder.

Ansia)

Rewriting the lines, we get
ﬁ=(}—2_}+ EE'}+..1|:—F+:,F—EE'} and ﬁ=(?—j—ﬁ}+y(?+2j’—2§}

Let 4 =i—2j+3k, 4,=i— j—k b=—1i+ -2k, b=1i+2j-2k
Note that the dr'sof given lines are not proportional so, they are not parallel lines.
The lines will be skew if they do not intersect each other also.

i ok

Hered, —4,= j— 4k, b xh=—-1 1 -2=2i—4j—3k

1 2 -2

Consider(3, -3, ).(b x b,)
=(j- 4k).(2i - 4j - 3k)=820

Hence lines will not intersect. So the lines are skew.

Shortest Distance=

(5. -3) (i 5),
i)
8 ]

" J1116+9 29

15 4 15

OR

Ans(h)

Let the wicket keeper divides the line segment in ratiok: 1

. kF+1.RB
W+ 1.5

a5

k+1 B{I, 80} W EEJI.I:IJ F{i 0800

o +12)a( 2k 42);, (18K+8),

+1 k+1

2

= h=—
3

Hence, the required ratio is2:3
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(a)

(b)

The probability distribution for the number of students being absent
in a class on a Saturday is as follows :

X Jof2 |4
_ P(X) 1] I 2p I ap

Where X 18 the number of students absent.

a

P

(1) Calculate p.
(ii) Calculate the mean of the number of absent studentz on
Saturday.
OR

For the vacancy advertised mn the newspaper, 3000 candidates
submitted their applicationz. From the data it was revealed that two
third of the total applicants were females and other were males., The
selection for the job was done through a written test. The
performance of the applicants indicates that the probability of a male
getting a distinction in written test 1= 0.4 and that a female getting a
digtinction 18 0.35. Find the probability that the candidate chosen at
random will have a distinction in the written test,

Ansia)

(i)Sincey’ P( X)=1= p+ 2p+3 p+p=1

1
= p=—

7

(ii)Mean=%" X.P(X)=0(p)+2(2p)+4(3p)+5(p)

1
=21 p=21| — |=3

OR

Ans(b)

LetE, :Theapplicantisamale
E, :Theapplicant isafemale
A :The candidate chosen will have distinction in the written test.

P(E)= %,P{EJ=§,P{A| E,)=04,P(A| E,)=0.35

~P(A)=P(E)P(A|E)+ P(E)P(A|E)

=l x0.44 E = 0.35
3 3

11
30
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Q31. | Sketch the graph of y = | x+ 3 | and find the area of the region enclosed
by the curve, x-axis, between x = —6 and x = 0, using integration.
praph
1 mark
Required Area
L]
La
= _[ ydx
-3
L]
=2[(x+3)dx "
=3
L ]
[(,H ﬂ
=2 by
2
=3
=ﬂ L&
SECTION D
This section comprises long answer (LA) type questions of 5 marks each.
Q32. i 2
(a) If u'ri —x* + Jl—}'z = a(x — v), then prove that d—}= . :’ﬂ .
dx  §1-x®
OR
f 2.,
(by Ifx=a|cost+log tanﬂn and y = sin 8, then find d—'i_: atf= =,
\ 2) e 4
Ans(a) | Let x=sin A, y=sin B=> A=sin"' x, B=sin"' y 1

sl- 2+ .Jl— ¥ =a(x-y)

=05 A+ cos B:a{si.n A —sin B]

pead AT B) o [A=B)_,.  [A+B), (A-B .
= LC05 5 Cos 2 = LdCDs 2 51mn 2

::-mt['q;ﬂ]=a=}.4—3=2mt"a 1
=sin™ x—sin”' y=2cot"' a Lo
differentiate bothsideswrt x,

1 1 dy_, 1%
Vi-¢ J1-y dx

1_

-y

de Y1- &

OR
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Ans(b
o x=a[cmﬂ+hglang}
ﬁ%:a —sind+ ﬂ:u:secif:u:l I
tan z 2
2
2
=a{-sinﬂ'+ 1 J:a 1-3n # %
sind sin &
dx
— = acotd cos &
10 acold cos Iy
dy
Also, y=sin# = E:cmﬂ "
. dy_tané 1
“dy a
Differetiating wrt x,
#y_sec's do
a dx
_sec’ ftan & 1
= =
dy] 2l 1
=2 P
4

Q33. | Find the absolute maximum and absolute minimum of

function f{x) = 2x* — 1522 + 36x + 1 on [1, 3].

Ans F{x}:Ef‘-lﬁf-b I6x+1

= f(x)=6( ¥ -5x+6)=6(x-2)(x-3) 1
f'(x)=0=> x=2,3¢[1,5] 1
MNow .ﬂ:l}:EJl. ﬂ:E}:EH. f{ﬂ}:gﬂ. .F(E;I:EE 2
Hence, theabsolute maximum value is 56 and the absolute minimum value is 24. 1

Q3. | (@) Find the image A’ of the point A(1, 6, 3) in the line %— -";1 - ‘: =
Also, find the equation of the line joining A and A',
OR
.. . . X453 yv+3 z-06 . .
by Find a point P on the line I = r = such that its distance
from point Q(2, 4, —1) is 7 units. Also, flind the equation of line joining

P and Q.
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Ans(a - - *
= Theequatlnnnfghenlinelsf:%l:%?:ﬂ, I
Any arbitrary point on the line is M(4,24+1,31+2) . 1
dr'sof AMare<4-1,24-5,34-1>
Herel{1-1)+2(24-5)+3(34-1)=0 1
=i=1 - t
2. M(1,3,5)is the foot perpendicular of the point A to the given line.
Let image of point A in the line be 4'(a, #.¥)
Since M is the mid-point of AA',s0 .w[ 1;“.""‘;"3, > "]: M(1,3,5) e
= A'(1,0,7)is the image of A. 1
Also, Equation of AA'is x-1_y-6_z-3 1
0 =3 2
OR
Ans(b) x+5 y+3 z-6
The given line is = = =Aand Q(2,4,-1
¥ 1 4 =4 G{ ]
Anyrandom point on the line will be given by P (41— 5,44 3,-94 +6) 1
Since PO =7=5,(4-7)" +(44-7)" +(-04+7) =7 1
=98(A7-24+1)=0=4=1 ’
Hence, the required point is P'l: —4,1,—3] 1
The equation of line PQis ~- > = Y= _#+3 o x-2_y-4_z+1 .
3 2 b 3 2
Q33. | A school wants to allocate students into three clubs : Sports, Music and
Drama, under following conditions :
. The number of students in Sports club should be equal to the sum of
the number of students in Music and Drama club.,
. The number of students in Musie club should be 20 more than half
the number of students in Sports club.
. The total number of students to be allocated in all three clubs are
180.
Find the number of students allocated to different clubs, using matrix
method.
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Ans

Let x, y and z be the no. of students allocated to Sports, Music
and Drama clubs respectively.

Here, x= y+ z._g-f=§+ 20, x+ y+ z=180

= x—y—i=0x-2y=—40,x+ y+ =180
Givenequations canbe writtenas AX = B

1 -1 -1 0 X
where, A=|1 =2 0 |,B= —4“]1.1': ¥
1 1 1 180 z
|Al=—4z=0=> A" exists.
-2 0 -2
adjid=|{=1 2 =1
3 -2 -1
(2 0 2
A":ﬁxadjd:% 1 =2 1
-3 2 1
X=A'B

2 0 2|0 a0

1 =2 1||-40|=|65

=3 2 1]J{180) |25

SLx=90, y=65,2=25

Number of stodents allocated in sports, music and drama are
90, 65 and 25 respectively .

s |

1%

SECTION E

This section comprises 3 case study-based questions of 4 marks each.

Q36.

L S 5 P

A technical company is designing a rectangular solar panel installation on
a roof using 300 metres of boundary material. The design includes a
partition running parallel to one of the sides dividing the area (roof) into
two sections.
Let the length of the side perpendicular to the partition be x metres and
with parallel to the partition be v metres.
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Based on this information, answer the following questions :

(i)  Write the equation for the total boundary material used in the
boundary and parallel to the partition in terms of x and v. 1

(i) Write the area of the solar panel as a function of x, 1

(i11) (a) Find the critical points of the area function. Use seccond
derivative test to determine critical points at the maximum
area. Also, find the maximum area. 2

OR

{i1i) (b) Using first derivative test, caleulate the maximum area the
company can enclose with the 300 metres of boundary material,

considering the parallel partition, 2
Ans | (f)2x+3y=300 1
(H}A:A}':%{Eﬂﬂ-zx} 1

(iif)(a) A= :(m-zx}=;[mx-zf]

dd 1
= —=—(300-1x) e
dv 3
g g
For critical points, put e =0=x=73
A 4
Also, ==, 50, Aismaximumat x=75 v
dx’ 3
75 2 La
Also, maximumareais A= ?(;mn- 150) =3750m

OR
(i) (b) A= ;(am-zx]=;[3m£-zf]

dd 1

= —=_(300-4x
=3l ) z
idA
For critical points, put e 0= x=75 Ya
idA
AEE changes its sign from positive to negative as x passes through "
x =75 from left to right, whichmeans x=75is the point of maximum.
Also, maximumareais A= %(;m-n- 150) =3750m* ¥

Note : Full credit to be givenif thestudent takes equation as
2x + 2y =300 or 2x +4y =300 or 4x+ 4y = 300 or 4x+ 3y = 300
Thesolutions of sub-parts will differ and marks may be given accordingly.
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A class-room teacher is keen to assess the learning of her students the
concept of “relations” taught to them. She writes the following five
relations each defined on the set A=1{1, 2, 3} :

R, =1{(2, 3), (3, 2)}

R, =1{(1. 2), (1, 3), (3, 2)}

Ry = 1(1,2), (2, 1), (1, 1)}

R, =11, 1), (1, 2), (3, 3), (2, 2)}

R.=i(1, 1), (1, 2), (3, 3), (2, 2), (2, 1), (2, 3), (3, 2)}

The students are asked to answer the following questions about the above
relations :

(1) Identify the relation which is reflexive, transitive but not symmetric.

(11) Identify the relation which i1s reflexive and symmetric but not
transitive.

(111) (a) ldentify the relations which are symmetric but neither reflexive
nor transitive.

OR
(1ii} (b) What pairs should be added to the relation R, to make it an

equivalence relation ?

Ans

(i) R, 1

(i) R !

(#if)(a) R, and R, 1+1
oRr

( ##)( b)Requiredpairs tobeadded tomake the relation R, asanequivalencerelation are:

(1,1).(2,2).(3,3).(2,1),(3,1)and(2,3) 2
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A bank offers loan to its customers on different types of interest namely,
fixed rate, floating rate and variable rate. From the past data with the
bank, it 15 known that a customer avails loan on fixed rate, floating rate
or variable rate with probabilities 10%, 20% and 70% respectively. A
customer after availing loan can pay the loan or default on loan
repayment. The bank data suggests that the probability that a person
defaults on loan after availing it at fixed rate, floating rate and variable
rate 1s 5%, 3% and 1% respectively.

Based on the above information, answer the following :

(i}  What is the probability that a customer after availing the loan will
default on the loan repayment ? 2

(11} A customer after availing the loan, defaults on loan repayment.
What is the probability that he availed the loan at a variable rate of
interest ? 2
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Aiis

E, :customer avail loan on fixed rate

E, :customer avails loan on floating rate
E, rcustomer avails loan on variable rate
Ac:the person defaults on the loan

P(E) =10 P(E) = P(E) =1

P{A|EL}=%.P{A|E!}=%.P{A| g}:ﬁ

()P(A)=P(E).P(A|E)+P(E)P(A|E)+P(E)P(A|E)
1.5 2.3 7. 1

18 9

= or
1000 500

(#)P(E,| A)=

P(E)P(AlE)
P(E).P(A|E)+P(E,).P(A|E)+P(E).P(A|E,)
7 1

X
_ 10 100
18

1000
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PAPER-2 (WITH SOLUTIONS)

Q). No. EXPECTED ANSWER / VALUE POINTS Marks
SECTION-A
This section comprises multiple choice questions {MCOOQg) of 1 mark each.
The projection vector of vector a on vector b is
l. — ® —r *
g * = |
A) lﬂ' : hz]h B) 5>
I b I b
» oF > =+}
a-h a-b
€ (D) ( ; _JJh
lal Woal®
Ans (A0 (Lb_) b 1
||
2. The funetion f{x) = 2* — 4x + 6 is increasing in the interval
(A) (0, 2) (B) (=, 3]
(C) [1. 2] () [2, =)
Ans (D) [2,00) 1
3. 2
If fi2a — x) = f{x). then [t’{.ﬂ dx is
0
Za a
@ [ %) ax (B) jfm dx
0 0
i1 il
(C) EJ fix) dx (I EJ f(x) dx
b 0
Ans (D)2 [ fx)dx 1
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) 1 12 4v]|
' IfA=|6x 5 2x|isasymmetric matrix, then (2x + v) is
B 4 6|
(A) 8 By 0
(Cy 6 Dy 8
Ans (D) 8 1
If v =sin""x, =1 = x = 0, then the range of v is
5. -
(A) | J (B) [ =, {J}
\ 2 2
w -7
—_— —. 0
© |50 ® (o]
Ans (B [—E 1
If a ling makes angles of H—:.:—r:nmi i with the positive directions of x, v
6. and g-axis respectively, then s
(A _—:unl_'..' (B) Emﬂj‘
3 3
© = o +=
3
Ans Mo option 15 correct. Full marks may be awarded for attempling the question. 1
If E and F are two events such that P(E) > 0 and P(F) # 1, then P(E/F)is
7. .
LTl —
Y P(E) (B 1= MEF
Pilv)
~-HEUF
i) 1=MEF (1} LI'_UH
]
An: 1-F{EUF) 1
Ang (I T
Which of the following can be both a symmetric and skew-svmmetrie
miatrix 7
8. (A1 Unit Matrix (B} Diaponal Matrix
(C) Null Matrix (D) Row Matrix
Ans () Mull batrix 1
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The equation of a line parallel to the vector 37 + 3 + 2k and passing
g, through the point (4, =%, 7115
(A) x=dt+3 yv==dt+1,z=Tt+2
(B) r=M+d,vt+d2=21 47
(C) x=3t+4d,y=t=32=2t+7
(I s=3t+d,v==t+3 z2=2t+7
Ans Clx=3t+dy=t—-3,z=2t+7 |
Four friends Abhay, Bina, Chhaya and Devesh were asked to simplify
i, 4 AB + 3(AB + BA) = 4 BA, where A and B are both matrices of order 2 x 2.
It is known that A« B« L and A~V « B,
Their answers are given as
Abhay @6 AR
Bina : TAB-BA
Chhava: 8 AB
Devesh @ 7 BA = AR
Who answered it correctly ?
{A)  Abhay (B Hina
{C) Chhaya (D} Devesh
Ans (B) Bina 1
A cylindrical tank of radius 10 cm 13 being filled with sugar at the rate of
. .]IHI x c:?:a':.".u. The rate, at which the height of the sugar ingide the tank 12
||:|.|'|'|"]|.!'|||::I|._'._ LB -
(Al 0.1 emis (B 0 emis
(1 emfs (I 1.1 emis
Ans (C) 1 em's |
Let poand g be two unit vectors and « be the angle between them., Then
12 (p + q) will be a unit vector for what value of « ?
A) 3 (B} s
S 2n
(] 2 () r
Ans (D) ‘!_: 1
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The line x =1+ Hp, v = =5 + p, £ = =6 =3p passes throwgh which of the
13 following point ?
(A (1.=56) (B (1.5 6)
0y (1, =5, =) [y (=1, =5, G}
Ans (C1il, -5, -0) 1
If A denotes the set of continuous functions and B denotes set of
14 differentiable functions, then which of the following depiets the correct
' relation between set A and B?
(A) @H (B) @.-".
(Ch (‘B (D @@
Ans
@Jﬁ I
(B)
The area of the shaded region (fgure) represented by the ourves
5 v =22, 0<x<2and v-axis is given by
.El 2I
(A) | de ® | |y
.l.'l ‘I'I
I i
() [13 dax {m [ Sy dy
0 0
4 —
Ang (D) [ fydy I
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A factory produces two products X and Y. The profit earned by selling X
and Y is represented by the objective function Z = 5x + Ty, where x and y

16. are the number of units of X and Y respectively sold. Which of the
fallowing statement is correct 7
(A} The objective function maximizes the difference of the profit earned
from products X and Y.
(B} The objective function measures the total production of products X
and Y.
(C) The objective function maximizes the combined profit earned from
selling X and ¥,
(1) The objective [unction ensures the company produces more of
product X than product Y.
Ans () The objective function maximizes the combined profit earned from selling X and Y 1
If A and B are square matrices of order m such that A® = B* = (A = B) (A + B),
17, then which of the following 15 always correct ?
Ay A=H (B} AB=HBA
i) A=DorB=0 im A=lorB=1
Ans (B1AB -~ BA 1
If p and g are regpectively the order and degree of the differential equation
B
IR, d fdy | _ .
—| = =0, the -
d.‘c{d.‘c | o {p = ahis
(A) 0 (B} 1
o) 2 (I 3
Ans By 1 |

tuestions number I9 and 20 are Asserfion and Reason based gquesfions, Two
slatements are given, one labelled Assertion (A) and the other laobelled Reason
(R). Select the correct anzwer from the codes (A), (B), (C) and (1)) as given below.

(A)  Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A

iB) Both Assertion (A) and Beason (R) are true, but RBeason (R) is nof
the correct explanation of the Assertion (A),

(C)  Assertion (A) is true, but Reason (R) is false.

(D) Assertion (A) iz [alse, but Heason (R} i3 true.
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Assertion (A) ¢ A=diag |3 5 2] is a scalar matrix of order 3 = 3,
19, Reason (K) @ If a diagonal matrix has all non-zero elements equal, it
iz known az o sealar matrix,
Ans () Assertion (A) s false and Eeason (R) 15 true. 1
Assertion (A) ¢ Every point of the feasible repion of a  Linear
20 Programming Problem is an optimal solution,
Reason (R) ¢ The optimal solution for a Linear Programming Problem
exists only at one or more corner point(s) of the feasble
g,
Ans (D) Assertion (A) s false and Beason (R) 15 true. 1

SECTION-B

This section comprises 5 Very Short Answer (WEA) tvpe questions of 2 marks each.

21

{a) A wvector a makes equal angles with all the three axes. If the
magnitude of the vector is 543 units, then find @,

OR

b)) Ifa andfi' are position vectors of two points P and Q respectively,

then find the position vector of a point R in QP produced such that

QR = gmﬂ.

21 {a) Ans

Let ct be the angle which the vector 3 makes with all the three axes.

Then 3cos®a = 1

1
= [0S0 = —=
V3

The unit vector along the vector d L_ (I+]+ .ﬁ']
L]

d=5(i+j+k)

OR
Ab)Ans | F— T '
R(x) Pla) Qip)
QR _3
Qr 2

164 | Page



Hence, B divides PO, externally, in the ratio 1:3.
- X Y
The Position vector of B = x = 'Il_m “; £

22

n
4

Evaluate : J J1+s8in2x dx
i

Ans

L]
Given definite integral fl_;_‘ J (sinx + cosx)*dx

I
q

= f (sinx + cosx)dx
1

T
= [—cosx + sinx];

23

FFind the values of *a’ for which f{x) = 511 x=ax + b 18 inereasing on K.

Ans

f(x)=cosx —a

For fix) to be increasing, f'{x) = 0
[e.,cosx =da

Since, -1 =cosxr =1

=a=—1

Hence, a € (—oo, — l]. (Also, accept a € (—oo, —1))

24

' . 5
If & and b are two non-collinear veetors, then find x, such that o = (x = 2)

a+boand [ =3+ 28 - 2h are collinear,

Ans

i and ,ﬁ’ are collinear
x—2 1

= =—
i+idx -2

1%
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4 Y
25
& . .
. . dy x=y
(a) Ifx= eY, then prove that = .
x xlogx
OR
2x-3,-3sx=s-2
(b) If fix)=
x+1 ,—-2<x<0
Check the differentiability of f(x) at x = -2.
25 (a) v = E‘-‘%
Ans ¥
= logx =—
¥
= ylogx = x ¥
Differentiating both sides worto x, we get
¥ dy 1
=~ +logx—=1
x ogx dx
i —
_dy _x-y
dx  xlogx o
OR
25 (b) Lf'(-2) = im0 (h> 0)
1—+1¥ -
An:
e C2(—2—h)—3—(-T)
= lim
R~ —h
=lim2 =121 l
fe—0l
r _ge Fl=24R}-F-2)
Rf'(=2) = lim———— (h=0)

o =2+n+1-(-7)
= (i
=11 h

., b+h ' a
= lim—, which does not exist, i.e., RHD does not exist.
h—0 1
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Therefore, the function is not differentiable at -2,

Mote: (1) It a student finds only RHD and concludes the result, full marks may be awarded.

(2] If a student proves that the function 15 discontinuous at -2 and hence not differentiable at

-2, full marks may be awarded.

SECTION-C

This section comprises 6 Short Answer (5A) type questions of 3 marks each.

26

(a) Solve the differential equation 2(y + 3) = xv ? =0; given (1) ==2.
-

OR
(b)  Solve the following differential equation :

. dy
(1+ x4+ 2xy = 422,
dx

26(a)
Ans

Giiven differential equation can be writlen as
TL dy = id.r
=[(1 —ﬁ] dy =2 [~dx
=y — 3og|v+ 3| = Llag|x|+ C
ye 2 whenx=1=0=-2
Hence, the required particular solution is
=y — 3logly + 3| = 2log|x| -2

OR

1%
L

26{b)
Ans

Ciiven differential equation can be written as

dy Zx Ax’t C g .
—+— =, which is linear in v.

dx  14x? 1+x

J:ex dx . 3 )
LF. = glaea® = p'0BLIFI0) — 9 4 42

The solution 15 given by

¥il+x%) =J’4.r2dx

. 4 .
=:_'|.-'I:l+x1}=5.=:"+ﬂ'

4x1
=+ L-
I1+x*) {1+x%)

ary = . which is the required general solution
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7.

Let I be a velation defined over N, where N iz set of natural numbers,
defined ag “mBn if and only if m iz o muoltiple of 1, m, n € N." Find
whether R is retlexive, symmetrie and transitive or not.

Ans

28

Letx € N. Then we know that x is a multiple of self
= xRx
Hence, B is reflexive.

We have 2, B € N such that ¥ is a multiple of 2
= BR2

But. 2 is not a muliiple of 8. Hence, 2 is not R-related o 8.
Therefore, B is not svimmetric.
Let x, v, 2 € N such that xRy, yRz
Then x = my, ¥ = ne for some m, i € N
= X = mnz = x = pz, where p = mn € N. Hence, xRz

Therefore, B is transitive.

Solve the following linear programming problem graphically :

Minimise Z = x = 5y

subject to the constraints :
x=yz0
-x+2y22
xzd,vsd, vzl
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Ans
Correct
graph
and
shading
1%
Corner point Value of Z = x — Sy 1
A(3,25) )
B(3.3) -12
C4. 4 -16
D (6. 4) -14
The minimum value of Z is -16, which is attained at x = 4, y = 4. Y%
1 Y ; "
(a) Ify=log IJ—' J . then show that x(x + 1)*y, +(x + 1)y, = 2
29 S )
OR
(b) Ifol +y+yfl+x=0,-1<x<1,x#y, then prove that ﬂi: =l =
dy  (14+%)°
29(a) The given function can be written as
Ans y=2log(x+1)—logx
2 1 xr—1
FPYhWE—m——=—
x+1 x x(x+1) 1
- x—1 . 1
= (x =—=1--
( V1 = =
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1
=:-{x+lj|}r2+}r1=;

; 1
Sx(x+ 1)y +xlx+ 1)y =1 +;

=xx+ 1w +xx+ )y, =14+1—(x+ 1)y

=x(x+ 1)y +(x+ 1)y, =2 1
R
Ang =x/l+y=—wil+x
=2 (1+y)=y"(1+x) b
=x-yx+y)+xplx—y)=0
=x-yx+y+xy)=0 |
¥x#y=x+y+axy=10
—x
B =
Y 1+x 14
_dy_ -1 !
dy {1+ x)*
{a) A die with number 1 to 6 15 biased such that P(2) = %Emd probability of
30

other numbers is equal. Find the mean of the number of times number 2
appears on the dice, if the dice is thrown twice.
OR

(b} Twao dice are thrown. Defined are the following two events A and B :
A=, vi:x+v=8, B={lx v):x= 3}, where (x, v) denote a point in
the sample space.

Check if events A and B are independent or mutually excluzive.

300a) BE . P
P(2) _E,P{anynthm number) = l_ﬁ_ﬁ e

Let X represent the Random Variable “the number of 2757

Ans

Then X =0, 1,2 14
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The probability distribution is
X PX] XX
0 7 7 49 0
—_—— e ——
10 10 100
i 3 7,4z Z 1
10" 10"~ 00 100
2 3 3 9 18
1010~ 100 100
an = ¥ === v
Mean = 2 XP(X) = = 0.6
R
A0h) A=1{(38),(45)(54)(63)
A s —=2_1 =2_Z= |
e F{d) ECIE P(E) | 6
P(ANE) = i
( ) =% 12 Y
5
P[ﬂ)foE)=a#—- P{A N E) |
Therefore, A and B are not independent.
A and B are not muinally exclusiveas AN B = @ ¥
. 1 Xx+a
3l Find: | —
X X=d
Ans 1l x+a 1 1 l
[ = j’——dl’ = | ——dx+a | ———dx
JXAxt —at Vxt —a® xWxt —a*
— X
— ' _ a2 -1
_lﬂg|}:+-,,.'}: a|+5|:|: {a)+[ 1+1
SECTION-ID
This section comprises 4 Long Answer (LA) tvpe guestions of 5 marks each.
Using integeation, find the aren of the region bounded by the line
12 v =52+ 2, the £=axiz and the ordinates ¥ ==2 and x =2,
Ans

171 | Page



4 Correct
y={dn+2 sketch
2 and
shading
14
2
B
[
'l
| ¥ ] 10 -R = 4 r ] i- E 1.l'.
The required arca
2 .
= (5x + 2)dx +J-zf5x+23:1.r l
- —
- -
B (Bx+2)] = N (5x+ 2)°
w |, 10 :
54+144 104
“10 10 5 |
2
. x“+x+1
Find : ~ dr.

33 (x +2)(x~ +1)

Ans “Hr+1 B | +Bx+r: "
(x+20x*+ 1) (x+2) x+1 B
Getling A ==,8==,C =1 1%
Given integral = = [ —dx + = [ ——dx +~ [ ——dx

- L] T+t 5 41 5 r+1
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3 1 1
= Elngp: + 2| +E]u:rg|[:cd +1) +Eran"x +C

(n) Find the shortest distanee between the lines ;
x+1 y-1 z-9

34 and
2 1 -3
x=3 y+15 =z-9
2 -7 5
OR
(b) Find the image A" of the point A(2, 1, 2) in the line
l:7T= 4? + E:{ + 2k + i ﬁl —j — k). Alzo, find the equation of line
joining AA’, Find the foot of perpendicular from point A on the line [
3d4a) The vector equations of the lines are
Ans F=—1+]+9k+ A2+ — 3k)

F = 3f —15f + 9k + u(2i — 7} + 5k)
i, = —i+j+9k a, =3i—15] + 9k
b, =2i+j—3k, b, =2i—7j+5k
@; —d; = 41 — 16]

I L _
byxb,=|2 1 —3|=-16i-16j— 16k
2 -7 5

OR
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34(h

Ans

A2 1,2)

A’ (a, B, y)

Let the image of A in the line be A'(a, £,v)

The point F, which is the point of intersection of the lines { and AA°, will have coordinates
(Ad+ 4 -4+ 2, -4+ 2) for some A

DesofAPare << A+ 2, —A+ 1, 4=
AP 1!
(A+2)—(—-Ad+1)—(-4)=0

) . . 11 7 7
Therefore, the coordinates of P are ('_1 '3 .;:I

P is the mid-point of 44"

24a 11148 7 24y 7
=72 "3z 372 "3
6 11 8

sa=3.6=5r=3

. - 16 11 8
The coordinates of the image are 5 _1}

The equation of 44" is

r—2 y—-1 z-2
-8 T2

3 3 3

or,

3(x—2) 3y-1) 3(z-2)
5 4 1

'
L -
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~4 4 4 1 -1 1
(a) Given A =|-T7 1 3 |and B =

-

-2 =2, find AB. Hence, salve

35 1
B =3 =1 2 ] 3
the svatem of linear equations :
r=y+z=4
r—2yv—2z=9
Zx+yv+dz=1
OR
1 2 0]
(hy IfA=|-2 -1 -2{, then find A~
o =1 1
Hence, solve the system of linear equations :
r==2v =110
qrx—v—z=8
Iy +z=7
35(a) B 0 0
AB =0 8 0|=8 2
Ans o0 8
The svstem of equations is equivalent to the matrix equation:
4 X
BY =C, whereC = |9 .X=[}-'] ¥z
1 z
=X =F"C
AB =8I
1
= [~ = E.rq 1
1 -4 4 41014 24 3
K=E—'.T" 1 3|9 ==]—-16]= -2
5 =3 -1]l1 —B -1
cx=3y=-2z1=-1 1%
OR
35(b) |4l = 1% 0= 47" exists. 1
Ans -3 -2 —14
adjia=|2 1 2 )
2 1 3 ]."?
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. -3 —Z —4
ATt = madia=fz 12
z 1 3

The given system of equations 15 equivalent to the matrix equation

10 X
ATX = B.where B= | 8 .:-:=[y]
T z
=X=(A")1B
=X=(A"1'E
-3 2 21[10 0
=X=|-2 1 1||8|=]|-5
-4 2 3ll7 -3

sx=0y=—-5z=-3

1'%

36,

SECTION-E

This section comprises 3 case siudy based questions of 4 marks each

A school 15 organizing o debate competition with participants as speakers

8 =18, 8, 8; 5, and these are judged by judges J = {J,, J., J,). Each

speaker can be assipned one judge. Let R be a relation from set 8 to J

defined as B = {(x, ¥) : speaker x is judged by judge v, x ¢ 5, v e J).
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Boeed on the above, answer the following :
1)  How many relations can be there from 8 o J 7 1

) A student ientifiea o function from 5 to J aa §= [(8, 1), (5, J.)

(= o J.ﬂ.l. 1H|. dob) Check if it ia bajective, 1
{iii) (a) How many one-one functions can be there from set S taserd ? -
R

i) (b Another student conssders o relotion By = {5, 5,), 5, 5} in
sl 5, Write minimum ordered paies to be included in R, so that

K, s reflexive hut not symmerrie. 2

36 Ans (1) | The number of relations = 243 = 212 1
36 Ans (1) | Since, 55 and 54 have been assigned the same judge [, the function is not one-one.
Hence, it is not bijective. l
36 (i) (a) | There cannot exist any one-one function from 35 to Jas nfS) = n(]). Hence, the number of 2
one-one functions from S to J is 0
OR
3a (i) (b) | To make Ry reflexive and not symmetric we need to add the following ordered pairs:
(5,50 (55,550, (59 540, (5,.5,) 2
Three persons vie, Amber, Bonz and Comet are mansfacduring cars which
rum on petrol and on battery as well, Their production share in the market 15
B, A0 and 10% reapectively, O thear respective production capacites,
37. 20, 10% mivl 5% cars respectively are electric (or battery oporated)

Bised on the above, answer the following :

(it (&) What is the probability that a randomly selected car is an

electrie car ¥ 2
i

(i () What 15 the probabality that a randomly selected car is a petrol
car 7 2

(1) A ecar 2 seleebed at random and is found 4o be elestric. What is the
pevhahility that it was manufactured by Comet ? 1

(iith A car i= selected o8 mndom and i found fo be elestrie. What is the
prohahility that it was manufnctured hy Amber or Bonm ¥ 1
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3T} (a) Let A = Amber manufactures the car
Ans B = Bonzi manufaciures the car
C = Comet manufactures the car
E = The selected car 15 electric
PiA —Eﬂ PE!—E‘:I FC—ID
(4) =Top+ P(B) = 155 P() = 155 %
E E E
P(E}y=P{A)x P (—) + PRI =P (—:] +P(C) = P(=)
A i} i
B a0 20 N 30 10 N 10 5
=00 " 7100 " 100 100 © 100 100 l
155 31
T e— ﬂr' —
1000 200 v
OR
ITiHb) Let A = Amber manufactures the car
Ans B = Bonzi manufaciures the car
C = Comet manufactures the car
E = The selected car is a petrol car
PiA) = 60 PR = 30 PiC) = 10 L
) =Too’ =100 "¢ = Too '
E E E
P(E}=P(A)x P (—) +P(B)x P (—) +P(C) % P(=)
A B N
B a0 B N 30 a0 N 10 a5 I
=100 " 100 " 100 100 © 100 100
B45 169
=—ar —— ba
1000 200
e . E
E/ P(E)
10 5
_ 100 ™ 100
E'szﬂ+3Dxm+mx 5
1007 100 ° 100 7 100 ° 100 7 100
50
_ Toooo _ 1
1550 31 l
10000
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37(it1) P M_’l3)=1_p(£)=1_i=3_0 1

E E 11 3
Ans
38.
A small town i3 analyzing the pattern of a new street light installation,
The lights are set up in such a way that the intensity of light at eny pont
x matres from the start of the streer ean be modelled by f(x) = e sin ¥,
where x is in metreg,
Based on the above, answer the follow:ng :
(i) Find the intervals on which the fix) is increasing or decreasing,
xe |0 =] 2
(it} Verify, whether each critical point when x 2 [0, n] ig a point of local
maximum or Jocal minimum or a point of inflexion. 2
{i) Ans f'(x) = e*(cosx + sinx)

For critical points, f'(x) =0
= cosx +sinx =10

= cosx = —sinx Y2
For x to be a critical point x € (0, ), hence, x = 3‘5 Y
For all x € [o,i"f], fl(x)=0
Hence, /is increasing in [0,37"] 14

Note: If a student concludes the answer in any of the following intervals, full marks may be
awarded:

an 3 In
(07 er[oF) or 03
Forall x € I:’T",n],f'(x) <0
Hence, fis decreasing in [37",11] Y

Note: If a student concludes the answer in any of the following intervals, full marks may be
awarded:

an In an
& mor (5, or [, m)
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{i1) Ans

i . s s
X¥=—sa critical point

[ (x) = e*(cosx — sinx) + e*(cosx + sinx)

= Ze"cosx

() =

im . s < .
Hence, 5 lsa point of local maximum.

by
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PAPER-3

Greneral Instructions :
Read the following instructions very carefully and strictly follow them :

(i)
(it)
(iiL)
{17
fu)
(vi)
(vit)

(viii)

(ix)

This question paper contains 38 guestions. All questions are compulsory.
This question paper is divided into five Sections - A, B, C, D and E.
In Section A, Questions no. 1 to 18 are multiple choice guestions (MC@s) and

quefiﬂns number 19 and 20 are Assertion-Reason based questions of 1 mark
eac

In Section B, Questions no. 21 to 25 are very short answer (VSA) type
gquestions, carrying 2 marks each.

In Section C, Questions no. 26 to 31 are short answer (SA) type questions,
carrying 3 marks each.

In Section D, Questions no. 32 to 85 are long answer (LA) type questions
carryving 5 marks each.

In Section E, Questions no. 36 to 38 are case study based questions carrying
4 marks each.

There is no overall choice. However, an internal choice has been provided in
2 questions in Section B, 3 questions in Section C, 2 questions in Section D and
2 guestions in Section E.

Use of calculator is not allowed.

SECTION A

This section comprises multiple choice questions (MC@s) of 1 mark each.

1.

The principal value of sin‘l[sin[— %J] is :

A) - 23—“ (B) - %
i 2
© 2 @

If A and B are square matrices of same order such that AB = A and
BA = B, then A2 + B2 is equal to :

(A) A+B (B) BA
ic) 2(A+B) (D) 2BA

For real x, let fix) =x%+ 5x + 1. Then :
(A) fis one-one but not onto on R

iB) fis onto on R but not one-one
(C) fis one-one and onto on R
(D) fis neither one-one nor onto on R
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4]

2
If y=sin"!x, then (1— xﬂ}d—F is equal to :

dx?
dy _ L0y
(A) x (B) X
d}r i d}"
2 2
C) =x (D) X

The values of A so that fix) = sin x — cos x — Ax + C decreases for all real
values of x are ;

(A 1ei< 2 (B) i=1
Q) h=+2 D) i<l

If P is a point on the line segment joining (3, 6, —1) and (6, 2, — 2) and
y-coordinate of P iz 4, then its z-coordinate is :

3
(A) - 9 (BY 0

3
cy 1 (D) 2

If M and N are square matrices of order 3 such that det (M) = m and
MN = ml, then det(N) is equal to :

A) -1 (B) 1
(C) —m2 (D) m?

3x—-2, 0=x=1
If fix) = g is continuous for x = (0, 2), then a is equal
2x° +ax, l<x<2

to:

T
(A) —4 B) -5
) -2 (D) -1
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Bll

10.

11.

12.

13.

If {: N — W is defined as

noo.. .
—, ifn is even
fin)= 32 \
0, ifn is odd
then fis :
(A)  injective only (B)
(C)  a bijection (D)
0o 1 -2
The matrix |-1 0 -7|isa:
2 7 0
(A)  diagonal matrix (B)
(C) skew symmetric matrix (D)

surjective only

neither surjective nor injective

symmetric matrix

scalar matrix

If the sides AB and AC of A ABC are represented by vectors 3 + k and
3? - ; +4]; respectively, then the length of the median through A on

BC is:
(A) 22 units (B)
(C) ? units (D)
The function f defined by
x, if x<1
fix) =
5 if x>1
158 not continuous at :
(A) =x=0 (B)
C) =x=2 (D)

If fix)=2x + cosx, then fix):
(A) hasamaximaatx=n (B)
(C)  1s an increasing function (D)

JI_B units

J48

——— units

b
m
o=

hasaminimaatx=n

is a decreasing function
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14.

15.

16.

17.

18.

Icm?x—msﬂmd}:igﬁquﬂlm:
COSX—COSCL
(A)  2(sinx + xcosa) +C (B) 2(sinx—xcosa)+C
(C) 2(sinx + 2xcosa) + C (D) 2(sinx + sina) + C
1
Theva]ueufj = S
et 4o ¥
0
T mn
(A) 1 (B) 1
(C) ta.n‘le—g (D) tan~le

The order and degree of the differential equation

dﬂy 2 dy 2 dy
(d?] + (E] =xsm[E] are :

(A)  order 2, degree 2 (B} order 2, degree 1

(C)  order 2, degree not defined (D) order 1, degree not defined

The area of the region enclosed by the curve ¥ = Jx and the lines x = 0

and x = 4 and x-axis is :

(A) 18 8q. units (B} 82 8q. units
9 9
(C) ? 8Q. units (D) % 8Q. units

The corner points of the feasible region of a Linear Programming
Problem are (0, 2), (3, 0), (6, 0), (6, 8) and (0, 5). If Z=ax + by; (a, b > 0)
be the objective function, and maximum wvalue of Z is obtained at (0, 2)

and (3, 0), then the relation between a and b is :
(A) a=b (B) a=3b
(C) b=6a (D) 3a=2b
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Guestions number 19 and 20 are Assertion and Reason based guestions. Two
statements are given, one labelled Assertion (A) and the other labelled Reason
(R). Select the correct answer from the codes (A), (B), (C) and (D)) as given below.

{A) Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A).

(B)  Both Assertion (A) and Reason (R) are true, but Reason (R) is not
the correct explanation of the Assertion (A).

(C)  Assertion (A) is true, but Reason (R) is false.
(D)  Assertion (A) is false, but Reason (R) is true.

19. Assertion (A): If A and B are two events such that P{A n B) = 0, then A
and B are independent events.

Reason (R): Two events are independent if the occurrence of one does
not effect the occurrence of the other.

20. Assertion {A): In a Linear Programming Problem, if the feasible region
is empty, then the Linear Programming Problem has no
solution.

Reason (R): A feasible region is defined as the region that satisfies all
the constraints.

SECTION B
This section comprises 5 Very Short Answer (VSA) type questions of 2 marks each.

21. Let A and B be two square matrices of order 3 such that det (A) = 3 and
det (B) = — 4. Find the value of det (— 6AB).

22. (a) Find the least value of ‘a’ so that fix) = 2x2 — ax + 3 is an increasing
function on (2, 4].
OR

(b) Iffixi=x+ i, x = 1, show that fis an increasing function.

23. (a) Simplify sin! | = |.
1,||1 + xﬂ

OR
(b)  Find domain of ain—1,||'x—1.
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2
24. Calculate the area of the region bounded by the curve o + FT =1 and the

X-axis using integration.

25. For the curve y = 5x — 2x3, if x increases at the rate of 2 units/s, then how

fast is the slope of the curve changing whenx =27

SECTION C

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

26. (a) Iff:R"—R isdefined as fix)=1log,x(a>0anda # 1), prove that I
is a bijection.
(R* is a set of all positive real numbers.)
OR

(b) LetA=1{1,2, 3}andB = {4, 5, 6}. A relation R from A to B is defined as
R={x,v):x+y=6,xe A, ye B

(i) Write all elements of R.
(ii)  Is R a function 7 Justify.

(iii) Determine domain and range of R.

27. (a) Findk so that

xE—Ex—S
—_—, x -1
fix) = x+1
k, x==1

ig continuous at x=-—1.

OR
(b)  Check the differentiability of function f(x) = x| x|at x = 0,
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31.

Evaluate :

n

I oX [l—sinx]dx
l-cosx

w2

(a)  Find the probability distribution of the number of boys in families
having three children, assuming equal probability for a boy and a

girl.
OR

(b) A coin is tozsed twice. Let X be a random wariable defined as
number of heads minus number of tails. Obtain the probability

distribution of X and also find its mean.

Find the distance of the point (-1, —5, —10) from the point of intersection

ofthe lines *—% = ¥~2 _ 273 %4 _vy1_.
3 4 ] 2

Solve the following Linear Programming Problem using graphical method :
Maximise Z = 100x + 50y
gubject to the constraints

3x + y = 600

X+ v =300

v=x+ 200

xz0,yv=0
SECTION D

This section comprises 4 Long Answer (LA) type questions of 5 marks each.

32.

If Ais a 3 = 3 invertible matrix, show that for any scalar k # 0,
(kA= %ﬁrl_ Hence calculate (3A7 1, where

2 -1 1
A=1-1 2 -1}|.
1 -1 2
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The relation between the height of the plant (v cm) with respect to
exposure to sunlight is governed by the equation y = 4x — %xz, where x is

the number of days exposed to sunlight.

(1) Find the rate of growth of the plant with respect to sunlight. 2
(i) In how many days will the plant attain its maximum height ?

What is the maximum height ? 3
(a) Find:

j cosx dx
(4 +sin? x)(5—4 cos® x)

OR

(b)  Ewvaluate :

n

I dx
: aZcosx + bzsinzx

{a) Show that the area of a parallelogram whose diagonals are

represented by :and T}} is given by % | ?uﬁ |. Also find the

area of a parallelogram whose diagonals are 2; - ; + k and

A A A
i+3j-k.
OR
(b) Find the equation of a line in vector and cartesian form which

passes through the point (1, 2, — 4) and is perpendicular to the
. x—-8 y+19 z—10

1 = = , and

e ~16 7 0

— A A A A A A
r =151 +29j +5k +pu(31 +8j) —5k).
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SECTION E

This section comprises 3 case study based questions of 4 marks each.
Case Study -1

36. Some students are having a misconception while comparing decimals. For
example, a student may mention that 78-56 > 789 as 7856 > T89. In
order to assess this concept, a decimal comparison test was administered
to the students of class VI through the following question
In the recently held Sports Day in the school, 5 students participated in a
javelin throw competition. The distances to which they have thrown the
javelin are shown below in the table :

Name of student Distance of javelin (in meters)
Ajay 477
Bijoy 47-07
Kartik 43-09
Dinesh 439
Devesh 45-2

The students were asked to identify who has thrown the javelin the
farthest.

Based on the test attempted by the students, the teacher concludes that
40% of the students have the misconception in the concept of decimal
comparison and the rest do not have the misconception. 80% of the
students having misconception answered Bijoy as the correct answer in
the paper. 90% of the students who are identified with not having
misconception, did not answer Bijoy as their answer.

On the basis of the above information, answer the following questions :
(i) What is the probability of a student not having misconception but

still answers Bijoy in the test ? 1

(i1)  What is the probability that a randomly selected student answers
Bijoy as his answer in the test ? 1

(1) {a) What is the probability that a student who answered as Bijoy
is having misconception ? 2

OR

(iii) (b) What is the probability that a student who answered as Bijoy

is amongst students who do not have the misconception ? 2
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Case Study - 2
An engineer is designing a new metro rail network in a city.
n N ek &

Initially, two metro lines, Line A and Line B, each consisting of multiple
stations are designed. The track for Line A is represented by

I : 1;2 = F';l: E;3,1whjletlnetrau:]vzfurl.imaBisrtapr:amatntedh:,r

x-1 y-3  =z+2

2 1 -3

Based on the above information, answer the following questions :

(i)  Find whether the two metro tracks are parallel. 1

(ii)  Solar panels are to be installed on the rooftop of the metro stations.
Determine the equation of the line representing the placement of
solar panels on the rooftop of Line A’s stations, given that panels
are to be positioned parallel to Line A’s track (/;) and pass through
the point (1, — 2, — 8). 1

(iti) (a) To connect the stations, a pedestrian pathway perpendicular

to the two metro lines is to be constructed which passes
through point (3, 2, 1). Determine the equation of the
pedestrian walkway. 2
OR
(iii) (b) Find the shortest distance between Line A and Line B. 2

IE:
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Case Study -3

During a heavy gaming session, the temperature of a student’s laptop

processor increases significantly. After the session, the processor begins
to cool down, and the rate of cooling is proportional to the difference
between the processor’s temperature and the room temperature (25°C).
Initially the processor's temperature is 85°C. The rate of cooling is

defined by the equation %{T(t]} - _ k(T(t) — 25),

where T(t) represents the temperature of the processor at time t (in
minutes) and k is a constant.

Based on the above information, answer the following questions :

(i)

(ii)

Find the expression for temperature of processor, T(t) given that
T(0) = 85°C. 2

How long will it take for the processor's temperature to reach
40°C ? Given that k = 0-03, log, 4 = 1-3863. 2
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PAPER-4

(reneral Instructions :
Read the following instructions very carefully and strictly follow them :

(i)
(it)
(1ii)
(iv)
()
(vi)
(vit)

(it}

(ix)

This question paper contains 38 gquestions. All questions are compulsory.

This question paper is divided into five Sections - A, B, C, D and E.

In Section A, Questions no. 1 to 18 are multiple choice questions (MCQs) and
guestions number 19 and 20 are Assertion-Reason based guestions of 1 mark
each.

In Seetion B, Questions no. 21 to 25 are very short answer (VSA) type
questions, carrying 2 marks each.

In Section C, Questions no. 26 to 31 are short answer (SA) type guestions,
carrying 3 marks each.

In Section D, Questions no. 32 fo 35 are long answer (LA) type questions
carrying 5 marks each.

In Section E, Questions no. 36 to 38 are case study based questions carrying
4 marks each.

There is no overall choice. However, an internal choice has been provided in
2 guestions in Section B, 3 questions in Section C, 2 questions in Section D) and
2 guestions in Section E.

Use of caleulator is not allowed.

SECTION A
This section comprises multiple choice questions (MCQs) of 1 mark each.
5 0 0
IfA=10 5 0, then A3is;:
00 5
5 0 0 125 0 0
(A) 3|0 5 0 (B) 0 125 0O
00 5 |0 0 125
15 0 0 5 0 0
(C) 0 15 0 ) |0 5 0
0 0 15 0 05

If PAURB) =09 and P(IAN B)= 04, then P(A) + P(B)is:
(A) 03 (B) 1
(C) 13 (D) 07
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4 3
1 2 3

IfA= [—4 3 7

0 5

(A)  Only AB is defined.

(B)  Only BA is defined.

(C) AB and BA, both are defined.

(D) AB and BA, both are not defined.

] and B=|-1 2|, then the correct statement is :

7
+ 3

-1

|2 % ‘E’ _5‘,ﬂ1&nth3valu&nt'xi9:
12 x 4 3
(A) 3 (B)
(Cy =7 (D)
sin” ax
If f)=] 52 ° *7°
1, x=0
is continuous at x = 0, then the value of a is:
(A) 1 (B}
(Cy =+1 (D)

0

If A= [ai;_i] iz a 3 x 3 diagonal matrix such that a11 = 1, agg = 5 and

dgq =— 2, then |A] is:

(A} 0 (B)
(C)y 10 (D)
The principal value of mt‘l[— %] is :
@ -3 (B)
© 3 (D)

-2
(A) 0 (B)
(Cy -2 (D)

4 -1
H[ X x-‘;‘- ]isasingu]armatri_mthen the value of x is :

-10

1
-4
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10.

11.

12.

13.

14.

If fix) = {Ix], x € R} iz the greatest integer function, then the correct

statement is :

(A) fis continuous but not differentiable at x = 2.

(B) fis neither continuous nor differentiable at x = 2.
(C) fis continuous as well as differentiable at x = 2.
(D) fis not continuous but differentiable at x = 2.

The slope of the curve v =—x3 + 8x% + 8x— 20 is maximum at :

(A)  (1,-10) (B) (1, 10)
(C) (10,1) (D) (=10, 1)
'[..|I|1+3inx dx is equal to :
. X X . X X

(A) E(—smE + I:DEEJ +C (B) E[sm E—WSE] +C
© - E[Eing + ms‘%‘] +C (D) E[sin% + r:.us;;J +C
w2

J- cosx.e" ™ dx is equal to:

0
(A 0 (B) 1-e
(C) e-1 (D) e
The area of the region enclosed between the curve y = x|x|, x-axis, x = — 2
and x =2 is:

8 16

(A) 3 (B) 3
(Cy 0 (D) 8

The integrating factor of the differential equation

[E_HE —l]ﬁ =1is:

Jx o Jx |dy
(A) e IAx (B)
©) o2x (D)
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15. The sum of the order and degree of the differential equation

[H(gﬂi .

(A} 2 (B) (C} 3 (o 4

ba | en

16. For a Linear Programming Problem (LPP), the given objective function
Z = 3x + 2y is subject to constraints :

x + 2y = 10
dx+y=15
x,vz0

Ci4, 3)

X’ 0 (5, 0) -
x+ 2y =10
W
Y 3x+y=15
The correct feasible region is :
(A) ABC (B} AOEC
(C) CED (D) Open unbounded region BCD

——3
17. Let a bea poeition vector whose tip is the point (2, — 3). If .A.B:E',
where coordinates of A are (— 4, 5), then the coordinates of B are :
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18. The respective values of | ?| and |'E) |, if given
(a —b).(a + b )=512 and |E}|:3|l_:-}|, are :
(A) 48 and 16 (B) 3and1
(C) 24 and8 (D) 6and?2

Questions number 19 and 20 are Assertion and Reason based questions. Two
statements are given, one labelled Assertion (A) and the other labelled Reason
(R). Select the correct answer from the codes (A), (B), (C) and (D) as given below.
{A) Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A).
(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not
the correct explanation of the Assertion (A).
{C)  Assertion (A) is true, but Reason (R) is false.
(D)  Assertion (A) is false, but Reason (R) 18 true.

19. Assertion (A): The shaded portion of the graph represents the feasible
region for the given Linear Programming Problem (LPF).

x+ 2y =10

Min Z = 50x + 70y

subject to constraints

x+yz8 x+2yz210, x,vz0

Z = b0x + TOy has a minimum value = 380 at B(2, 4).

Reason (R): The region representing 50x + 70y < 380 does not have
any point common with the feasible region.
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20.  Assertion(A): Let A={xeR:-1<x=<1. Iff: A — A be defined as
fix) = xﬂ, then fis not an onto function.

Reason (R): Ify=-1leA thenx=+% -1 ¢ A.

SECTION B
This section comprises 5 Very Short Answer (VSA) type questions of 2 marks each.

21. Find the domain of the function fix) = cos™1 (%2 — 4),

22. Burface area of a balloon (spherical), when air is blown into it, increases
at a rate of 5 mm?%/s. When the radius of the balloon is 8 mm, find the

rate at which the volume of the balloon is increasing.

SINX
Jeosx

OR

23. (a) Differentiate

with respect to x.

dz}r

(b) If y=5cosx—3sinx, pruvethat—2+y:[l.
dx

24. (a) Find a vector of magnitude 5 which is perpendicular to both the

A A A, A A A
vectors 31 —2) + kand4i +3) —2k.

OR
(b} Let ?,Fand © be three vectors such that a .b = a.¢ and
?xﬁ=?x?,?#ﬂ.ﬂhnwthat P=c.

25. A man needs to hang two lanterns on a straight wire whose end points
have coordinates A (4, 1, — 2) and B (6, 2, — 3). Find the coordinates of the
points where he hangs the lanterns such that these points trisect the

wire AB.
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SECTION C

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

26. Find the value of ‘a’ for which fix) = /3 sin x— cos x — 2ax + 6 is decreasing

in R.
{a) Find:
2x
dx
.[n:xﬂ +3)(x% - B)
OR
(b) Ewaluate :

I{|x—2|+|x—4|] dx

Find the particular solution of the differential equation

|:1 sini[i]—}'] dx+xdy=0

X

given that v = E, when x = 1.

In the Linear Programming Problem (LPF), find the point/points giving
maximum value for Z = bx + 10y
gubject to constraints

X+ 2y = 120

x+yz=60

x—2y=0

xyvel
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31.

(a)

(b)

(a)

(b)

If 2+b+C=0 suchthat |2 | =3, |F | =5, |<c| =7, then

find the angle between 2 and b .

OR

If @ and B are unit vectors inclined with each other at an angle

0, then prove that % | a - F|:sing,

The probability that a student buys a colouring book is 0-7 and
that she buys a box of colours is 0-2. The probability that she buys
a colouring book, given that she buys a box of colours, 15 0-3. Find

the probability that the student :
(1) Buys both the colouring book and the box of colours.

(i)  Buys a box of colours given that she buys the colouring book.

OR

A person has a fruit box that contains 6 apples and 4 oranges. He
picks out a fruit three times, one after the other, after replacing

the previous one in the box. Find :

(1) The probability distribution of the number of oranges he

draws.

(ii)  The expectation of the random variable (number of oranges).
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SECTION D

This section comprises 4 Long Answer (LA) type questions of 5 marks each.

32,

Sketch a graph of y = x?. Using integration, find the area of the region
bounded by y =9, x = 0 and v = x2.

A furniture workshop produces three types of furniture — chairs, tables
and beds each day. On a particular day the total number of furniture
pieces produced is 45. It was also found that production of beds exceeds
that of chairs by 8, while the total production of beds and chairs together
is twice the production of tables. Determine the units produced of each

tvpe of furniture, using matrix method.

1

t4+—

(a) For a positive constant ‘a’, differentiate a ' with respect to
a
[t+E1 , Wwhere t is a non-zero real number.
OR
(b) Find ';]E if ¥*+ x¥ + x*=aP, where a and b are constants.

X

(a)  Find the foot of the perpendicular drawn from the point (1, 1, 4) on

x+2 v+l -z+4
5 2 -3

the line

OR

() Find the point on the line “;1 - F; - 3;4

2./2 units from the point (-1, -1, 2).

at a distance of
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This section comprises 3 case study based questions of 4 marks each.

37.

Case Study -1

A carpenter needs to make a wooden cuboidal box, closed from all sides,
which has a square base and fixed volume. Since he is short of the paint
required to paint the box on completion, he wants the surface area to be

minimum,
On the basis of the above information, answer the following questions :

(1) Taking length = breadth = x m and height = vy m, express the surface
area (3) of the box in terms of x and its volume (V), which is

constant. 1
ds

ii Find —. 1
(ii) in =

(iii} (a) Find a relation between x and y such that the surface area (S)
18 minimum. 2
OR
(iii) (b) If surface area (S) is constant, the volume (V) = %{Sx — 2x9),

x being the edge of base. Show that volume (V) is maximum

for x = ﬁ 2
6

Case Study - 2

Let A be the set of 30 students of class X1l in a school. Let f: A - N, Nisa
set of natural numbers such that function fix) = Roll Number of student x.

On the basis of the given information, answer the following :
(i) Is f a bijective function ? 1

(ii)  (Give reasons to support your answer to (i). 1
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(1) (a) Let R be a relation defined by the teacher to plan the seating
arrangement of students in pairs, where

R = {(x, ¥) : %, ¥ are Roll Numbers of students such that y = 3x}.

List the elements of R. Is the relation R reflexive, symmetric
and transitive ? Justify vour answer. 2

OR

(iii) (b) Let R be a relation defined by

R = {(x, v) : %, v are Roll Numbers of students such that y = x3}.
List the elements of R. Is R a function ? Justify vour answer. 2

Case Study -3

A gardener wanted to plant vegetables in his garden. Hence he bought
10 seeds of brinjal plant, 12 seeds of cabbage plant and 8 seeds of radish
plant. The shopkeeper assured him of germination probabilities of brinjal,
cabbage and radish to be 25%, 35% and 40% respectively. But before he
could plant the seeds, they got mixed up in the bag and he had to sow

them randomly.
|

o

| ' Sy}
D e

Radish Cabbage Brinjal
Based upon the above information, answer the following questions :
(i)  Calculate the probability of a randomly chosen seed to germinate. 2

{ii) What is the probability that it is a cabbage seed, given that the
chosen seed germinates 7 2
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PAPER-5

reneral Instructions :
Read the following instructions very carefully and strictly follow them :

(i)

(1z)

(iEL)

(iv)

(wl

(vi)

(vit)

(viii)

(ix)

This gquestion paper contains 38 questions. Al guestions are compulsory.
Thiz gquestion paper is divided into five Sections - A, B, C, D and E.

In Section A, Questions no. I to 18 are multiple choice questions (MCQs} and
questions number 19 and 20 are Assertion-Reason based guestions of 1 mark

each.

In Section B, Questions no. 21 to 25 are very short answer (VSA) type
questions, carrying 2 marks each.

In Section C, Questions no. 26 to 31 are short answer (SA) type gquestions,
carrying 3 marks each.

In Section D, Questions no. 32 to 36 are long answer (LA) type questions
carrying 5 marks each.

In Section E, Questions no. 36 to 38 are case study based guestions carrying
4 marks each.

There is no overall choice. However, an internal choice has been provided in
2 guestions in Secfion B, 3 questions in Section C, 2 questions in Section ) and
2 gquestions in Section E.

Use of calculator is not allowed.

SECTION A

This section comprises multiple choice questions (MCQs) of 1 mark each.

1.

Let both AB' and B'A be defined for matrices A and B. If order of A is
n x m, then the order of B 15 :

(A) nxn (Bl nxm
(C) mxm (D) m=x=n
-1 0 0
IfA=| 0 3 0}, then Aisa/an:
0 0 5
(A) scalar matrix (B) identity matrix
(C) symmetric matrix (D) skew-symmetric matrix
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3.

The following graph is a combination of :

(A)
(B)
(C)
(D)

Y

5 3
= m|§."‘
"b\
o
&

m

_bn -
gy —R N D%\Jﬂ
- . 9

y=sinlxand y=cos 1x

y=cos lxandy =cos x
y = sinl x and y = sin x
y=cos ) xand y =sinx

Sum of two skew-symmetric matrices of same order is always a/an :

(A)
(B)
(C)
(D)

(A)

(C)

skew-symmetric matrix

symmetric matrix

null matrix

identity matrix

-1 al 1 :
sec (—2)—tan™ | —— || is equal to :
[ [JE]] !

L @ O

12 12
an in
-1 (D) 12
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10.

11.

log (1 + ax) + log (1 — bx)

If fix) = " , forx=0
k , forx=0

is continuous at x = 0, then the value of k is :
(A a (BY a+b
(C) a-—b (D) b
If tan~! (x2 — y%) = a, where ‘a’ is a constant, then :—i is :
a = B) - =

¥ ¥
c 2 m 2

X ¥
If y = a cos (log x) + b sin (log ), then xZy, + xy, is:
(A)  cot (log x) (B) ¥
Cy -—-w (D) tan (log x)

Let fix) = |x|, x € R. Then, which of the following statements is

incorrect ?

(A) fhas a minimum value at x = 0.
(B) fhas no maximum value in R.
(C)y fis continuous at x=10.

(D}  fis differentiable at x = 0.

Let f'(x) =3 (x2 + 2x) — 4 + 5, fil)=0. Then, fix)is:

xa
(A) x3+3x2+%+53+11 (B) 33+3x2+%+53—11
X X
© x3+8x2- 2 i5x-11 D) B-32- 2 i5x-11
X X
X+0 g .
e” dx 18 equal to:
(x +6)° e
(A} logix+86)+C (BY e*+C
x _
© -2 _sc (D) L +cC
x+6 (x +6)
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12,

13.

14.

The order and degree of the following differential equation are,
respectively :

4
_ d ¥ + Eed]"l"d?.' +)’2:ﬂ

{[‘!.".4
(A) —4,1 (B) 4, not defined
e 1,1 (D) 4,1

The solution for the differential equation log {%) =3x+ 4y 1s:

(A) 3e¥V 44324 C=0 (B) e¥*Y 4+ C=0
(C) B eded®y120=0 (D) 397 4 4035 4 12C =0

For a Linear Programming Problem (LPP), the given objective function is
7 = x + 2y. The feasible region PQRS determined by the set of constraints
is shown as a shaded region in the graph.

¥

g §)
&)

_[3 24} 5_(3 15) 5 [T 3} o (18 2
P=[13'13]’q_[2'4]’R_[2'4]’5_[?'T]

Which of the following statements is correct ?

(A) Zis minimum at E[%, %]

(Note : The figure is not to scale)

(B) Zis maximum at R[%, %}

(C) (Value of Z at P) > (Value of Z at Q)
(D)  (Value of Z at Q) < (Value of Z at R)
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15. In a Linear Programming Problem (LPP), the objective function
Z = 2x + by is to be maximised under the following constraints :
x+y=4 Ix+3dv=18, x,y=0
Study the graph and select the correct option.
+Y

CANGS

3x +3y =18
X+y=4

(Note : The figure is not to scale)
The solution of the given LPP :
(A}  lies in the shaded unbounded region.
(B) liesin A AOB.
(C)  does not exist.
(D) les in the combined region of A AOB and unbounded shaded

region.
16. Let|a | =5and—2<i<1. Then, the range of |La | is:
(A) [5, 10] (B) [-2,5]
(C)y [-2,1] (D) [-10, 5]
17. The area of the region bounded by the curve y2 = x between x = 0 and
x=1is:
3 . 2 )
(A) 2 sq units (B} ] sq units
(C) 3 sq units (D) % aq units

18. A box has 4 green, 8 blue and 3 red pens. A student picks up a pen at
random, checks its colour and replaces it in the box. He repeats this
process 3 times. The probability that at least one pen picked was red is :

124 1
(A) —12 5 (B) E

6l 64
© 125 D 125
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Questions number 19 and 20 are Assertion and Reason based guestions. Two
statements are given, one labelled Assertion (A) and the other labelled Reason
(R). Select the correct answer from the codes (A), (B), (C) and (D) as given below.

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

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not
the correct explanation of the Assertion (A).

(C)  Assertion (A) is true, but Reason (R) is false.
(D)  Assertion (A) is false, but Reason (R) is true.

L, Ly, -
19. Assertion(A): If |a x b |2 + |a.b |2 = 256 and | b | = 8, then
17| =2

Reason (R): &in?8 +cos28 =1 and
. — - »
|2 x b|=|2 || b|sin@anda.b =|a ||b|coso.

20. Assertion (A): Let fix) =e* and g(x) =log x. Then (f + gl x = e* + log x
where domain of (f + g) is R.

Reason (R): Dom(f + g) = Domi(f) N Dom(g).

SECTION B
This section comprises § Very Short Answer (VSA) type questions of 2 marks each.

21. Find the domain of f{x)=sin~! (- x%).

22. (a) Differentiate ‘\Ilﬂr“IIE with respect to EE for x > 0.
OR

(b) If (x)V = (y)%, then find ‘fEf".
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, X #—1 ig an increasing

23. Determine the values of x for which fix) = x—;l
X +

or a decreasing function.

_}
24, (a) If a and b are position vectors of point A and point B

regpectively, find the position vector of point C on BA produced
such that BC = 3BA.

OR

(b) Vector T is inclined at equal angles to the three axes x, v and z. If
magnitude of T is 543 units, then find T.

.. . - A A A Ao A
25. Determine ifthelines r =(i + j — k)+24(31 — j)and

—p A A A A
r =(4i — k)+ u(2i +3 k) intersect with each other.

SECTION C

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

1 3 4 2
26. LetA=| 4land C=|12 16 8 | be two matrices. Then, find the
-2 -6 —8 —4

matrix B if AB = C.

27. (a) Differentiate y=sin-1 (3x — 4x3) w.rt.x, ifx [— % %]
OR
. . 111- x2 .
(b)  Differentiate y = cos - with respect to x, when x e (0, 1).
+x

209 |Page



31.

{a) A student wants to pair up natural numbers in such a way that
they satisfy the equation 2x + y = 41, x, vy € N. Find the domain
and range of the relation. Check if the relation thus formed is
reflexive, symmetric and transitive. Hence, state whether it is an
equivalence relation or not.

OR

(b) Show that the function f : N — N, where N is a set of natural

n—1, if nis even
numbe iven by fin) = ' is a bijection.
umbers, given by fin) {n+1, ifnisodd

Consider the Linear Programming Problem, where the objective function
Z = (x + 4y) needs to be minimized subject to constraints

2x + v = 1000
X+ 2y = 800

X, y=0.
Draw a neat graph of the feasible region and find the minimum wvalue
of Z.

{a) Find the distance of the point P(2, 4, -1) from the line
x+5 y+3 _ z-6
1 4 -9

OR

M
(b)  Let the position vectors of the points A, B and C be 3? - ; -2k,
A A
(- E; — k and 1+ 5? + 3k respectively. Find the vector and

cartesian equations of the line passing through A and parallel to
line BC.

A person is Head of two independent selection committees I and II. If the
probability of making a wrong selection in committee I is 0-03 and that in
committee IT is 0-01, then find the probability that the person makes the
correct decision of selection :

(i)  in both committees

(ii)  in only one committee
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SECTION D

This section comprises 4 Long Answer (LA) type questions of 5 marks each.

32. (a) Find:

j x% +1 dx
(

X — 1}2 (x +3)
OR
(b)  Ewaluate :
/2
X dx
sinx + cosx
0

33. Draw a rough sketch for the curve vy = 2 + |x + 1|. Using integration, find
the area of the region bounded by thecurve y =2 + |x+ 1|, x=-4,x=3
and v = 0.

34. (a) Solve the differential equation : x%y dx — (x3 + y3) dy = 0.
OR
(b)  Solve the differential equation (1 + x%) ?EF + 2xy — 4x¢ = 0 subject

to initial condition yv(0) = 0.

1-y  2z-4
-2 6

35. Let the polished side of the mirror be along the line % =

A point P(1, 6, 3), some distance away from the mirror, has its image
formed behind the mirror. Find the coordinates of the image point and

the distance between the point P and its image.
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SECTION E
This section comprises 3 case study based questions of 4 marks each.
Case Study -1

36. Three students, Neha, Rani and Sam go to a market to purchase
stationery items. Neha buys 4 pens, 3 notepads and 2 erasers and pays
% 60. Rani buys 2 pens, 4 notepads and 6 erasers for ¥ 90, Sam pays % 70
for 6 pens, 2 notepads and 3 erasers.

Based upon the above information, answer the following questions :

(1) Form the equations required to solve the problem of finding the

price of each item, and express it in the matrix form AX = B. 1
(ii) Find |A| and confirm if it is possible to find A~1, 1
(iii) (a) Find A~1, if possible, and write the formula to find X. 2
OR
(iii) (b) Find A% — 81, where I is an identity matrix. 2
Case Study - 2

37.

A ladder of fixed length ‘h’ is to be placed along the wall such that it is
free to move along the height of the wall.

Based upon the above information, answer the following questions :

(1) Express the distance (y) between the wall and foot of the ladder in
terms of ‘h’ and height (x) on the wall at a certain instant. Also,
write an expression in terms of h and x for the area (A) of the right
triangle, as seen from the side by an observer. 1
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{11)  Find the derivative of the area (A) with respect to the height on the

wall (x), and find 1ts critical point. 1
{(111) (a) Show that the area (A) of the right triangle is maximum at
the critical point. 2
OR

(iii) (b) If the foot of the ladder whose length is 5 m, is being pulled
towards the wall such that the rate of decrease of distance
(v) is 2 m/s, then at what rate is the height on the wall
(x) increasing, when the foot of the ladder is 3 m away from
the wall ? 2

Case Study -3

A shop s=elling electronic items sells smartphones of only three reputed
companies A, B and C because chances of their manufacturing a defective
smartphone are only 5%, 4% and 2% respectively. In his inventory he has
26% smartphones from company A, 35% smartphones from company
B and 40% smartphones from company C.

A person buys a smartphone from this shop.

(1) Find the probability that it was defective. 2
(ii}) What is the probability that this defective smartphone was
manufactured by company B 7 2
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PAPER 6

General Instructions ;

Read the following instructions very carefully and strictly follow them :

(i) This question paper contains 38 questions. All questions are compulsory.
(it}  This question paper is divided into five Sections - A, B, C, D and E.

(itt) In Seection A, Questions no. 1 to 18 are multiple choice gquestions (MC@s) and
quef:’ﬂns number 19 and 20 are Assertion-Reason based questions of 1 mark
eac

(iv) In Section B, Questions no. 21 to 25 are very short answer (VSA) type
guestions, carrying 2 marks each.

(v)  In Seetion C, Questions no. 26 to 81 are short answer (SA) type questions,
carrying 3 marks each.

(vi) In Section D, Questions no. 32 to 35 are long answer (LA) type questions
carrying 5 marks each.

fvit) In Section E, Questions no. 36 to 38 are case study based questions carrying
4 marks each.

(viti) There is no overall choice. However, an internal choice has been provided in
2 questions in Section B, 3 questions in Section C, 2 questions in Section [) and
2 guestions in Section E.

(ix)  Use of calculator is not allowed.
SECTION A

This section comprises multiple choice gquestions (MCQs) of 1 mark each.
1. The given graph illustrates :

s ?
____________ Omw2
X' » X
(]
_______ o,-v2)|
vy
(A) y=tanlx (B) y=coseclx
(C) y=cotlx (D) y=seclx
2, Domain of fix) = cos™1 x + sin x is :
(A) R (B} (-1,1)
(Cy [-1,1] (D) &
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What is the total number of possible matrices of order 3 x 3 with each

entr}rasﬁnrﬁ?

(A) 9 (B) 512
(C) 615 (D) 64
3 0 0
The matrix A=| 0 2 0 |isa/an:
0 0 6
(A)  scalar matrix (B) identity matrix
(C) null matrix (D) symmetric matrix

If A and B are two square matrices each of order 3 with |A| = 3 and

|B| =5, then |2AB] is:

(A) 30 (B} 120
(C) 156 (D) 225
Let A be a square matrix of order 3. If |A| = 5, then |adj A| is:
(A) 5 (B) 125
(C) 25 (D) -5
2¥x—1 3x
12
If =[1+3 ],thentheva]uenf{x—}'}is:
0 y2_1| LO 35
(A)  2or10 (B) —2o0r10
(C} 2or-10 (D) —2or—10
1, if x<3
If fix) = jax+b, if 3<x<5 1s continuous in R, then the values of
7, if bH=x
aand b are :
(A) a=3, b=-8 (B) a=3, b=8
(C) a=-3,b=-8 (D) a=-3, b=8

If fix)=—2x® then the correct statement is :

(A) F[%]ﬂ'[—%} B) r[%] :_f‘[_
o ) o

Ba | =
L
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10.

11.

12.

13.

A spherical ball has a variable diameter 2{31 + 1). The rate of change of
its volume w.ort. x, when x =1, is :

(A) 225n (B} 300r

(C) 375n (D) 125n

If f:R— R isdefined as fix) = 2x— sin x, then fis:

(A) a decreasing function (B} an increasing function
(C) maximum atx= % (D) maximumatx=10
EEI]ugx _ Eﬂlugx
dx i ual to
.[Eﬁlugx_eﬁlugx 18 equal to
2{2

(A) x+C (B) - +C

4 3

X X

C —+C D) —+C
(C) 2 (D) 3 +

For a function f{x), which of the following holds true ?

b b
(A) If{x}dx = If[a+h—x}dx
a a

a
(B) -[ f(x) dx =0, if fis an even function
— &
a a
(C) .[ flx)dx = E-[f (x)dx, if fis an odd function
—a 0
2a a a
(D) Iﬂx)th: = J.f[x]ﬂx —j.f{Ea+x}dx
1] 0 0
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15.

16.

17.

18.

IE— dx is equal to :

a.,||4—eEE

(A) % cog—! (e¥) + C (B) = sgin!(e¥)+C
e e

(C) a +C (D) sin [2]+E

A student tries to tie ropes, parallel to each other from one end of the
A
wall to the other. If one rope is along the vector 31 + 15? + 6k and the

A A
other is along the vector 21 + l[li + & k, then the value of & is :

(A) 6 (B} 1

1
(C) 1 (D) 4
If |? + F| = |? — F| for any two vectors, then vectors a and B
are :
(A)  orthogonal vectors (B) parallel to each other
(C)  unit vectors (D) collinear vectors

1 2 4 - .

If P(A)= 7 P(B) = = and PIANB) = 2 then P(A | B) is:

6 3
(A) = (B} n

1 1

i Dy =
(C) 5 (D) 5

A coin is tossed and a card is selected at random from a well shuffled
pack of 52 playing cards. The probability of getting head on the coin and
a face card from the pack is :

2 3
(A) ﬁ (B) E
19 3
© 2 T
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Questions number 19 and 20 are Assertion and Reason based questions. Two
statements are given, one labelled Asseriion (A) and the other labelled Reason
(R). Select the correct answer from the codes (A), (B), (C) and (D} as given below.

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

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not
the correct explanation of the Assertion (A).

(C)  Assertion (A)is true, but Reason (R) is false.

(D)  Assertion (A) is false, but Reason (R) is true.

.1
xsm— , x#0
X

0 , x=0

19. Assertion (A): fix) = is continuous at x = 0.

Reason (R): When x — 0, sin % is a finite value between — 1 and 1.

20. Assertion (A): Set of values of sec™! [g] is a null set.

Reason (R) :  sec™! x is defined for x € R— (-1, 1).

SECTION B

This section comprises 5 Very Short Answer (VSA) type guestions of 2 marks
each.

Xx—2

x—

21. Letf: A — B be defined by fix) = , Where A=R— {3} and B = R—{1}L

Discuss the bijectivity of the function.

2

22, Ifﬁz[_l

3
2:|, then show that A2 —4A + 7TI=0.
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x

(a)  Differentiate [E—J with respect to x.

xﬁ
OR
(b) If —2x%— 5xv + y? =76, then find % i

In a Linear Programming Problem, the objective function Z = 5x + 4y needs
to be maximised under constraints 3x + y =6, x < 1, x, v = 0. Express the
LPF on the graph and shade the feasible region and mark the corner points.

(a) 10 identical blocks are marked with ‘0’ on two of them, ‘1’ on three
of them, 2’ on four of them and 3" on one of them and put in a box.
If X denotes the number written on the block, then write the
probability distribution of X and calculate its mean.

OR
(b} In a village of B0O0OO people, 3000 go out of the village to work and
4000 are women. It is noted that 30% of women go out of the

village to work. What is the probability that a randomly chosen
individual is either a woman or a person working outside the

village 7

SECTION C

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

26.

(a)  Show that the function f : R —» R defined by fix) =4x% -5, ¥ x ¢ R is
one-one and onto.
OR

(b) Let R be a relation defined on a set N of natural numbers such that
R = {(x, ¥) : xy is a square of a natural number, x, y € N}. Determine
if the relation R is an equivalence relation.
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31.

(a)

(b)

Let 2x + 5y — 1 = 0 and 3x + 2y — 7 = 0 represent the equations of
two lines on which the ants are moving on the ground. Using
matrix method, find a point common to the paths of the ants.

OR

A shopkeeper sells 50 Chemistry, 60 Physics and 35 Maths books
on day I and sells 40 Chemistry, 45 Physics and 50 Maths books on
day II. If the selling price for each such subject book i1s ¥ 150
(Chemistry), T 175 (Physics) and T 180 (Maths), then find his total
sale in two days, using matrix method. If cost price of all the books
together is T 35,000, what profit did he earn after the sale of two
days ?

3
Differentiate y = J]ug {sin {% - 1]} with respect to x.

Amongst all pairs of positive integers with product as 289, find which of
the two numbers add up to the least.

In the Linear Programming Problem for objective function Z = 18x + 10y
subject to constraints

4x +y =20
2x + 3y = 30

Xx,vz=0

find the minimum value of Z.

(a)

(b)

M

M
— j + 2k with a unit vector

A A A
T =Ai—-2j -3k is

&
1

The scalar product of the vector 2=
A

along sum of vectors b =2? —-'-1.]{" + 5k and

equal to 1. Find the value of i.

OR

Find the shortest distance between the lines :

e A A A A A A

r =(2i —j +3k)+A(i -2j +3k)

> _ A A A A A

r =(i +4k)+pi3i —6j +9k).
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SECTION D

This section comprises 4 Long Answer (LA) type questions of 5 marks each.

32'

{a) Find:
2
j 5 X +12 dx
(x“ +2)(2x" + 1)
OR
(b)  Ewaluate :
"
xtanx dx
gecx + tan x
1]

A woman discovered a scratch along a straight line on a circular table top
of radius 8 cm. She divided the table top into 4 equal quadrants and
discovered the scratch passing through the origin inclined at an angle E
anticlockwise along the positive direction of x-axis. Find the area of the
region enclosed by the x-axis, the scratch and the circular table top in the
first quadrant, using integration.

Solve the differential equation dy _ cos x — 2y.

dx

2x+4 y+1 —2z+6
6 2 —4
of 3+/2 from the point P(1, 2, 3).

OR

(b) Find the image of the point (-1,5,2) in the line
2x—4 _y _2-2

2 2
the points (given point and the image point).

{a)  Find the point Q on the line at a distance

. Find the length of the line segment joining
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SECTION E

This section comprises 3 case study based questions of 4 marks each.

Case Study -1

d36. Three friends A, B and C move out from the same location O at the same

time in three different directions to reach their destinations. They move
out on straight paths and decide that A and B after reaching their
destinations will meet up with C at his predecided destination, following
—

straight paths from A to C and B to C in such a way that OA = ?,
- = .o - \

OB =b and OC =5a —2b respectively.

B

—
b

R ;}I*

* A

Based upon the above information, answer the following questions :

(i) Complete the given figure to explain their entire movement plan
along the respective vectors.

—F —F
(ii) Find vectors AC and BC.

(i) (a) If & .0 =1, distance of O to A is 1 km and that from O to B
— —
is 2 km, then find the angle between OA and OB. Also, find

|2 x B |.
OR
M i
Gii) () fa=2i-]+4kand B = | — k, then find a unit vector

(a2 - b

perpendicular to (2 + b ) and ).
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Case Study -2

37. Camphor is a waxy, colourless solid with strong aroma that evaporates
through the process of sublimation, if left in the open at room temperature.

(Cylindrical-shaped Camphor tablets)

A cylindrical camphor tablet whose height is equal to its radius (r)
evaporates when exposed to air such that the rate of reduction of its

volume is proportional to its total surface area. Thus, % = kS is the
differential equation, where V is the volume, S is the surface area and

t is the time in hours.

Based upon the above information, answer the following questions :

(1) Write the order and degree of the given differential equation. 1

(ii)  Substituting V = nr? and 8 = 2nr?, we get the differential equation
% = %]L Solve it, given that r(0) = 5 mm. 1

(i) (a) Ifitis given that r =3 mm when t = 1 hour, find the value of
k. Hence, find t for r = 0 mm. 2

OR

(ii1) (b} Ifitis given that r = 1 mm when t = 1 hour, find the value of

k. Hence, find t for r = 0 mm. 2
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Case Study - 3

Based upon the results of regular medical check-ups in a hospital, it was
found that out of 1000 people, 700 were very healthy, 200 maintained
average health and 100 had a poor health record.

Let A, :People with good health,
A, : People with average health,
and Ay : People with poor health.

During a pandemic, the data expressed that the chances of people
contracting the disease from category A, A, and A, are 25%, 35% and
50%, respectively.

Based upon the above information, answer the following questions :

(1) A person was tested randomly. What is the probability that he/she
has contracted the disease ? 2

(i1}  Given that the person has not contracted the disease, what is the
probability that the person is from category A, ? 2
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PAPER 7

—mam e own

(reneral Instructions :

Read the following instructions very carefully and strictly
follow them :

(i)  This Question paper contains 38 questions. All questions are
compulsory.

(it) Question paper is divided into FIVE Sections — Section A, B,
C, D and E.

(iii) In Section A — Question Number 1 to 18 are Multiple Choice
Questions (MCQs) type and Question Number 19 & 20 are
Assertion-Reason based questions of 1 mark each.

(iv) In Section B — Question Number 21 to 25 are Very Short
Answer (VSA) type questions, carrying 2 marks each.

(u) In Section C — Question Number 26 to 31 are Short Answer
(SA) type guestions, carrying 8 marks each.

(vi) In Section D — Question Number 32 to 35 are Long Answer
(LA) type gquestions, carrying 5§ marks each.

(vii) In Section E — Guestion Number 36 to 38 are case siudy
based questions, carrying 4 marks each.

(viii) There is no overall choice. However, an internal choice has
been provided in 2 questions in Section — B, 3 questions in
Section — C, 2 questions in Section — D and 2 gquestions in
Section — E.

(ix) Use of calculator is NOT allowed.

SECTION-A
This section consists of 20 multiple choice questions, each of
1 mark.
1. Which of the following functions from Z to Z is both one-one and
onto ?
(A) f(x)=2x—1 (B) f(x)=3x2+5
(C) fix)=x+5 (D) f(x) = 5x3
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Value of 4 cos [lcuﬁ_l(l]] 15
2 8

(A) 3 (B) —3
(cy 1 D) —1
x 0 m
I[fA=|y z 0 |=6l wherel is a unit matrix, thenx+v+z+m
00 6
is equal to
(A) 18 (B) 12
C) 6 D) 2
31 42
IfB=[23 41 57| |53 64|, then the order of Bis :
76 86
(A) 3x2 (B) 2x=2
(C) 1x3 D) 1x2

If A and B are square matrices of the same order, then (A—B)2=?

(A) AZ_2AB+ B2 (B) A2— AB— BA + B2
(C) AZ_2BA + B2 (D) AZ— AB+ BA + B2
5 3 -1
If | =7 x 2 |=0, then the value of x 1=
9 6 -2
(A) 0 (B) 9
cy -6 (D) 6

226 |Page



7. If A—1=[T 2],.ﬂ:uan matrix A 1s
a8 2
2 - -7 8
@) [—E 'i’] ®) | 2 —2}
© [—1 1:| D) 1 —1:|
4 -1 -4 7
8. 1f&+ﬁ=£.thenf‘—iiis
—Vx _14y
& 25
(C) Ir (D) T
- 1-cosx dy .
9. If y=tan ( e ],thendx is
1
(&) 1 (B) 3
1
(C) -3 (D) —1

10. When x 18 positive, the minimum wvalue of x* 1s
1
(A) ef (B) o

-1

D) e

1
e

C) e

227 |Page



11.

12,

13.

14,

2x°

Eﬂiiﬁﬂql.laltﬂ
4+ x
1 _1:::'!'*t
—tan " —+C
(A) 2 2
4
© Ltan'* icC
4 4

JE-I. ud 5 dxis equal to
(1+x)

(A) e . —+C
l+x
© e*-Lic
X

(B} E't L.p_l_':
14+x

1

[1+.1:]2+c

(D) e

The area of the region bounded by the linesy=x+ 1, x=1,x=3

and x-axis is
(A) 6 squmts
(C) 7.5 sq units

(B) 8 sq units

(D) 2 sq units

The integrating factor for solving the differential equation

dy 9,
x-——y=2x" 18
dx y

(A)  x

(C) e

(B) —
(D) —log x
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15.

16.

17.

18.

The number of vector(s) of unit length perpendicular to the vectors
E=2?+T+2Eandﬁ=?+ﬂis{arﬂ}:

(A) one (B) two

(C) three (D} infinite

Of all the points of the feasible region, for maximum or minimum
values of the objective function, the point lies :

(A) 1inside the feasible region
(B) at the boundary line of the feasible region
(C) at the corner points of the feasible region

(I} at the coordinate axes

The common region for the inequalities x =0, x+y < land vy = 0,

lies in
(A) IV Quadrant (B) II Quadrant
(C) III Quadrant (D} I Quadrant

A and B appeared for an interview for two wvacancies. The
probability of A’s selection is é and that of B's selection is % The

probability that none of them is selected 1s :

11 7
@ = ®) =

8 1
© @ =
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Assertion — Reason Based Questions

Question numbers 19 and 20 are Assertion (A) and Reason (R)
based questions carrying 1 mark each. Two statements are

given, one labelled Assertion (A) and other labelled Reason (R).
Select the correct answer from the options (A), (B), (C) and (D)

as given below.

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

(B) Both Assertion (A) and Reason (R) are true, but Reason (R)

15 not the correct explanation of the Assertion (A).
(C) Assertion (A) is true and Reason (R) is false.
(D) Assertion (A) is false and Reason (R) is true.

. - s A N i A A iy
19, Assertion (A) : The vectorsa=41+)—-kand b=-21+3) — bk
are mutually perpendicular vectors.

Reason (R) : Two vectors a and Eare perpendicular to each

other, if & - b = 0.

20. Assertion (A) : x2dy = (Zxy + v9dx is a homogeneous differential

equation,
Reason (R) : A differential equation of the form

dy = F[E] is a homogeneous differential equation.

dx x
SECTION-B
This section consists of 5 very short answer type questions, each of

2 marks.

21. Evaluate : tan—1 (/3) —sec! (—2)
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22,

23.

24.

25.

26,

L

(a) Show that the function f(x) = (x — 1]E 18 not differentiable at
x=1.
OR

() Differentiate v = log (x 22 + aﬂj ——

If y = Tx — ¥ and x increases at the rate of 2 units per second, then
how fast is the slope of the curve changing, when x=57

@ If|a+b|=60 |a—b|=40and|b| =46, then find |a].
OR

(b) Using vectors, find the value of K such that the points
(K, —11, 2), (0, -2, 2) and (2, 4, 2) are collinear.

Find the angle between the two lines whose equations are
2x=3y=—zand 6x=—y=—4z.

SECTION-C

In this section there are 6 short answer type questions, each of
3 marks.

Find the intervals in which the function
fix)=38x%—4x® — 1222+ 51s

(a) strictly increasing

(b)  strictly decreasing
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27,

28,

29,

30.

31.

2
(@) Find:I T oEl
(x—1)(x" +1)

OR

4
(b) Evaluate:J (x| +|3—x]|) dx
1

{(a) Find the particular solution of the differential equation,

%=1+.ﬂ:2 +y% +x°y®, given that y = 1 when x = 0.

OR

(b) Solve the differential equation : Ex}r% —x%4 33;2 .

IEE}=?+E?+ﬂ,E= 2?+Tand3=3?—4?—5ﬂ, then find a unit

— —
vector perpendicular to both the vectors (8 — b) and (¢ — b).

The corner points of the feasible region determined by some
system of linear ineguations, are (0, 0), (5, 0), (3, 4) and (0, 5). Let
Z = ax + by, where a, b > 0. Find the condition on a and b so that
the maximum of Z oceurs at both points (3, 4) and (0, 5).

(a) Find the probability distribution of the number of doublets
in three throws of a pair of dice.
OR
(by IfEandF are two independent events with P(E) = p, P(F) =2p

and Plexactly one of E, F) = g, then find the value of p.
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33.

34.

35.

SECTION-D

This section consists of 4 long answer type guestions, each of
5 marks.

2 -3 5
IfFA=(3 2 -4/, then find A~L. Using A1, solve the system of
1 1 =2
equations :

2x—3y+6z=11
dx+2y—4z=-5
x+y—2z=-3

() Differentiate x5 * + (gin x)* w.r.t. x.
OR
(b) Ifv=x+tan x, then prove that

2
msﬂxd—g—2y+2x=ﬂ
dx

The region enclosed between x = y2 and x = 4 is divided into two
equal parts by the line x = a. Find the value of a.

(a) Find the shortest distance between the lines given by
= & b 'l o & 'l
r =(41 — 7 + 2k) + (1 + 27 — 3k) and
r=2%+] -k +nu@t+ 27 -4k
OR

(b) Find the coordinates of the foot of the perpendicular and the
length of the perpendicular drawn from the point P(5, 4, 2)

to the line ¥ =—1 + 3] +k + @1 + 37— k).
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SECTION - E

In this section there are 3 case-study based gquestions of 4 marks
each.

An architect designs a building for a Company. The design of

window on the ground floor 15 proposed to be different than at the

other floors. The window i1s in the shape of a rectangle whose top
length is surmounted by a semi-circular opening, This window has

a perimeter of 10 m,

Based on the above information, answer the following :

(1) If 2x and 2y represent the length and breadth of the
rectangular portion of the window, then establish a relation
between x and v.

(i1) Find the total area of the window in terms of x.

(i1i) (a) Find the values of x and v for the maximum area of the

window.
OR

(1i1) (b) If x and v represent the length and breadth of the

rectangle, then establish the expression for the area of
the window in terms of x only.

There are three categories of students in a class of 60 students :
A : Very hardworking students, B : Regular but not so hard
working, C : Careless and irregular students, It is known that 6
students in category A, 26 in category B and the rest in category
C. It is also found that probability of students of category A,
unable to get good marks in the final year examination, is 0.002,
of category B it is 0.02 and of category C, this probability is 0.20.
Based on the above information, answer the following :
(i) Find the probability that a student selected at random is
unable to get good marks in the final examination. 2
(i) A student selected at random was found to be one who could
not get good marks in the final examination. Find the
probability, that this student 18 NOT of category A. 2
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38. Rajesh, a student of Class-XII, visited an exhibition with his
family. There he saw a huge swing and found that it traced the
path of a parabola v = x2. The following questions came to his
mind. Answer the questions ;

(i) Letf:R — R be a function defined as f(x) = x*. Find whether

f is one-one funection.

(ii) Let f:R — R be defined as f(x) = 2. Find whether f is an
onto function.

(1) (a) Letf:N — N be defined as f(x) = . Find whether f is
one-one function. Also, find if it 1s an onto function.
OR
(iii) (b) Let f: N — {1, 4, 9, 16, ......} defined as fix) = 22, find

where f 18 one-one function. Also, find if 1t 18 an onto
function.
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