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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: aisthe brother of b},
« {(a b) e A xB:aisthesster of b},
« {(a b) € A xB:ageof aisgreater than the age of b},

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

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

Types of Relations

. Empty Relation

. Universal Relation

. Reflexive Relation

o Symmietric relation

. Trangtivereation

. Equivaencerelation

Empty Relation: A relation Rin aset A is called empty relation if no element of A isrelated to
any element of A,1.e., R=9p C A X A.

Universal Relation: A relation Rin aset A iscalled universal relation if each element of A is
related to every element of A, i.e, R=A X A.

Reflexive Relation: A relation Rinaset A issaid to be an equivaencereationif Ris
reflexive, symmetric and transitive.

Symmetric relation R in X isareation satisfying (a, b) € Rimplies (b, a) € R.

Transitiverelation Rin X isarelation satisfying (a, b) € Rand (b, c) € R impliesthat (a, ¢) €
R.

Equivalencerelation R in X isarelation which is reflexive, symmetric and transitive.
Functions
Functions are defined as a specia 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 =%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)) V x € A.

Invertible Function

A function f: X — Y is invertible if 3 g : Y — X such that gof =1X 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 Areation Rinaset Aiscalled ,if (a1, a2) € R implies 1
(a2, a1) E R, for all a1, a2z € A.
(a) symmetric (b) transitive  (c) equivalence  (d) non-symmetric
2 Let R beareation on the set N of natural numbers defined by nRm if n dividesm. Then 1
Ris
(a) Reflexive and symmetric(b) Transitive and symmetric
(c) Equivalence (d) Reflexive, transitive but not symmetric
3 The maximum number of equivalencerelationson theset A ={1, 2, 3} are 1
@1 (b) 2 (©)3 (d)5
4 If set A contains5 elementsand the set B contains 6 elements, then the number of one-one 1
and onto mappingsfrom AtoB is
(@ 720 (b) 120 ()0 (d) none of these
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Let R betherelation in theset N given by R={(a,b):a=b-2,b>6}. Choose the correct
answer :

(@ (24)erR  (b) (3,8)eR (0)(6,8)€R (d)(8,7)eR

Let f: R — R be defined by f(x) =1/xV X € R. Thenfis
(@) one-one (b) onto (c) bijective (d) f is not defined

Let A ={1, 2, 3} and consider therelation R ={1, 1), (2, 2), (3, 3), (1, 2), (2, 3), (1,3)}.
ThenRis

(@) reflexive but not symmetric  (b) reflexive but not transitive
(c) symmetric and transitive (d) neither symmetric, nor transitive

Let A ={1, 2, 3}. Then thenumber of relations containing (1, 2) and (1, 3), which are
reflexive and symmetric but not transitiveis

@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

@0, {4,-4 ({3, -3},¢ ({440 ({4-4.{2-2

10

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

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

11

Let f: [2, ©) — R be the function defined by f(x) = x*> — 4x + 5, then the
rangeof fis

(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={(3,4),(46),36} (bR={(2),(1,3), (1,4}
©R={(3,3),(44),(66} (dR={(34), (4 3)}

13.

Which of the following relationsis symmetric and transitive but not reflexive for
theset| ={4,5}?

@ R={(4,4),(54), (5 5)} (b) R={(4,4), (5 95}

(© R={(49), (5 4} (dR={(4,5),(54), (4 4}
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14

Let R beareationintheset N given by R={(a,b): at+b=5, b>1}. Which of the
following will satisfy the given relation?
@23)eR (M(E2eER (c)2D)eR (d)(B0OEeER

15 | Thefunction f(x) =x*+ 4X +4 is-:
(@ 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?
(@) bijective (b) surjective
(c) injective (d) neither surjective nor injective
7 Let A={1,2,3} and B={4,5,6}. Which one of the following functionsis
bijective?
(a) 1={(24),(2,5),(2,6)} (b) 1={(1,5),(24),(3,4)}
(c) 1={(14),(1,5),(1.6)} (d) 1={(1,4).(2,5).(3,6)}
18 | Le M={5,6,7,8} and N={3,4,9,10}. Which one of the following functionsis
neither one-one nor onto?
(@) ={(5,3),(7,4),(6:4),(8,9)} (b) 1={(5,3).(6,4).(7,9),(8,10)}
(c) 1={(54).(5,9),(6,3),(7,10),(8,10)} (d) 1={(6,4),(7,3).(7,9),(8,10)}
19 | The followi ng figure depicts which type of function?
X Y
(@) 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
(@) injective (b) bijective
(c) surjective (d) neither injective nor surjective
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SECTION -B(2/3MARKS EACH)

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

22| et R bearelation described on the set of natural numbers N. Deter mine the
domain and range of the relation. Also check whether R is symmetric,
reflexive and/or transitive.
R={x,y}: x€ N,y €N, 2x+y =41}

23 | What IS the range of the function.

_|x_1| 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} isreflexive, symmetric or transitive.

25 |LetA={1,2,3}anddefineR={(a,b):a+b>01}.Show thatRis 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} on the set A .
Write R as a set of order pairs , is the relation Symemtric ?

30 |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 Transitive ?

31 |LetA={1,2,3}anddefineR={(a,b):a—b=12}.show thatRis 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). Isf 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 afunction f: R+ - [=5, ) given by f(x) = 9x? + 6x — 5 , show that f
Is bijective function.

35

Show that therelation R defined by (a, b) R (c,d) =>a+d=Db+contheset N XNisan

equivalencerelation.

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 studentsis denoted by

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

(i)How many functions exist from A to B?
(i1)If you want to know no. of relations exist from A to B . How many such
relations are possible ?
(ilf)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
girlsaswell as boys.

Satish forms two sets with these students, as his college project.
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LetA={ a;,a:,as,a4,a} adB={by,b2,b3,bs}
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?

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

(iii)Satish and his friend Rgjat are interested to know the number of
symmetric relations defined on both the sets A and B, separately. Satish
decidesto find the symmetric relation on set A, while Rgjat decidesto find
the symmetric relation on set B. What is difference between their results?
(iv)LetR:A— B,R={ (a1,b1),(@a2,b1),(asz,bs),(@as,b2),
1. (a5,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) () symmetric (2) (d) Reflexive, transitive but not symmetric

(3)(d)5 (4) (c)0 (5) (c)(6,8€R (6) (d) f isnot defined
(7) (a) reflexive but not symmetric (8) (a) 1

(9) (©) {4, 4}, ¢ (10) (c) 24

(11) (b) [1, ) (12)(@ R={(3,4), (4,6), (3,6)}

(13)(d) R={(4,5),(5,4), (4,4} (14) (@ (23) €R
(15) (¢) neither even nor odd
(16)(d) neither surjective nor injective

(17)d)f={(1.4).(2,5),(3,6)} (18)(@f={(5,3),(7,4).(6,4),(8,9)}
19)(a)One-one
20)b)bijective
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21) Yes,  is one-one ¥ xy, xoe N = x® =,

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

| = *»>=0
#=1%, se0

Further, simplify it to get the range

Given, functionisf(x) = [x—1)/x-1, x # 1
The above function can be written as

L if x=1
£
fixy=
—I:Ld—”.lf Kl
|
[L, i[x=1
I’ —
= fod ]—1, If %=k
24)Answer:

Therelation Ronset A ={I, 2, 3, 4, 5, 6} isdefined as (a, b) € R iff

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

Clearly, (a, @) ¢ Rfor any asa€ A. So, Risnot reflexive on A.

We observethat (1, 2) € Rbut (2,1) ¢ R.

So, R is not symmetric.

We also observethat (1, 2) € Rand (2, 3) € Rbut (1, 3) € R. So, R isnot
transitive.

25)

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

1. Definethe Set A:
A={1,2,3}

2. Definethe Relation R:
Therelation R isdefined as:
R={(a,b).a+b>0}
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3. Find AXA:

The Cartesian product AxA consists of all ordered pairs (a,b) whereaand 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 AxXA:
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 at+b>0, we conclude
that:
R=AXA
Therefore, R isauniversa relation on the set A.

26)Step 1: Determine the number of relationson 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:
AxA={(aa).(ab).(ac).(ba),(b.b),(b,c),(c.a).(c,b).(c.c)}

Thisgives us atota of 3x3=9 ordered pairs.

3. Calculatethe number of relations: A relation on set A is any subset of AxA.
The number of subsets of a set with n elementsis given by 2n. Therefore, the
number of relationsis:

2|AxA|=29=512

Step 2: Determinethe number of reflexiverelations

1. Understand reflexiverdations: A relation isreflexiveif 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:
(ab).(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 is512.
- The number of reflexive relationsis 64.

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

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

=ab(b+a)=ba(at+b), which istrue.

So, Risreflexive.

Now, we will check R for symmetric.

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

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

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

=ch(d+a)=da(c+b)

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

S0, R is symmetric.

Now, we will check R for trangtivity.

For, (ab)R(c,d) and (c,d)R(ef)
=ad(b+c)=bc(at+d) and cf(d+e)=de(c+f)
=abd+adc=abctbcd 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=ecff—e¢

=abf—abe=cfb—efa

=abf+efa=efb+abe

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

So, (a,b)R(ef) istrue.

~Ristrangtive.

AsRisreflexive, 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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(30) R={(8, 6), (8 4), (8, 2) (6, 4), (6,2), (4,2) Not Transitive

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

1. Definethe Set and Relation:
- Let A={1,2,3}.
- Therelation 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 isfrom A and the second element isalso 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 AxXA to seeif 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=1(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.

L ong answer

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

Checking for one-one function:

f (X1) = (Xi— 2)/ (X1:— 3)

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

Putting f (X1) =1 (X2)

(X1-2)/(X1-3)= (X2-2 )/ (X2-3)

(X1-2) (X2— 3) = (X1~ 3) (X2-2)

X1 (X— 3)- 2 (X2-3) = X1 (X2~ 2) — 3 (X2— 2)
X1 X2 -3X1-2X2 + 6= X1 X2 — 2X1 -3X2 + 6
-3X1— 2X2 =- 2X1 -3X2

3X2 -2X2 = — 2X1 + 3X1

X1= X2

Hence, if f (x1) =f (X2), then X3 =Xz
Thus, the function f is one-one function.
Checking for onto function:

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

Letf(x) =y suchthatyBi.eey e R—{1}

S0,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, xisnot defined But itisgiventhat.y € R— {1}

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

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=Bx+12-1-5
=>y=(3x+1)>2-6
= 3x+1)2=y+6
=>3x+1=Vy+6[asy>-5=y+6>0]
=x =[Ny +6)-1]/3
~ fisonto, there by rangef =[- 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.

(ii1) 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(1)4 (i)a (iii) 3 (iv)y, 1

ASSERSSION REASONING

In thefollowing question a statement of Assertion (A) isfollowed by a statement of reason (R).
Pick the correct option: A. Both A and R aretrueand R isthe correct explanation of A. B. Both
A and R aretrue but R isnot the correct explanation of A. C. Aistruebut Risfalse. D. Ais
falsebut Ristrue

Assertion (A): If n (A) =p and n (B) = q then the number of relationsfrom A to B is2pq
Reason (R) : A relation from A toBisasubset of A x B

Assertion (A): Therelation Rintheset A ={1, 2, 3,4, 5, 6} defined asR={ (x,y) :y isdivisble
by x} isnot an equivalencerelation.

Reason (R) : Therelation R will be an equivalencerelation, if it isreflexive, symmetric and
transtive.
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Assertion (A): If Ristherelation defined in set {1, 2,3,4,5,6} asR ={(a,b) :b=a+ 1} ,thenR
isreflexive
Reason (R) : Thereation R in theset A isreflexiveif aRafor every a e A.

Assertion (A) : A reation 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 theset A isreflexiveif (a,a) ,for all a

Assertion (A): If Ristherelationintheset A={1, 2,3, 4,5} given by R={(a, b): |a- b] iseven}
R isan equivalencerelation.
Reason (R) : All elementsof {1, 3, 5} arerelated to all elementsof {2, 4}

1 Answer: A Solution: A istrue- No of elements of AXB = pxq, So the number of relations
from AtoBis2pgq R istrue—every relation from A to B isa sub set of AXB

2.Answer : A Solution: A istrue-R isreflexive and transitive but not symmetricie (2,4)eR
(4,2)eR R-true- Definition of an equivalencerelation.

3.Answer :D Solution: Aisfalse— (x,x) RRistrue-(1,2) R(2,1) R

4.Answer: A Solution: A istrue- (a,a) ,for all a A Ristrue— Correct explanation for reflexive
relation.

5.Answer: C Solution: A istrue- Sinceit an equivalencerelation R isfalse — the modulus of
differ ence between the two elements from each of these two subsetswill 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 Vaue Branches)

sinl x [—1, 1] [_E E]
2°2
cosx [—1, 1] [0, ]
tant x R T m
(-32)
cosect x R—(—1,1) [_ T E]
2'2
secl x R—-(-1,1 [0,7]— { g}
cot® x R T n
-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)
Quel. | Thedomainof sin~12x is
-1,1 b) (-1, 1 11 _11

@1 ] () ) (C)[ 2’2] (d)( 2’2)

Que2. | Which of the following is the principal value branch of cosec™! x?
T T T T T T T

@ (3.3 (b)(0,m) — {3} ©[-3.,3] A [-3,5]- (0
Que3. | Find principal value of cos™? (cos %“)

(a) = (b) = (© = (d) 3

25| Page



Que4. | Thedomain of function y = cos~1xis
@[-1,1] (b) [_% %] ©[-2 2] (d) None of these
QueS. | Thevaueof cos™? [cos (— g)] isequal to
3 T 4 2n
@ -3 (b)3 © = (dy~
Queb. | vaueof cos [E + cos™? (— l)] is equal to
6 2
V3 V3-1 V5-1 V3+1
@ - Oeva ©—— A5
Que7. | Thevalueof tan~! [tan %ﬂ]
i T T
(@ | (b) 4 (© 5 (d) None of these
Que8 | Domainof sin!x + cosx is
@[~ ®R ©L1] @ -1,
22

In the following questions 9 and 10, a statement of assertion (A) isfollowed 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) istrue but reason (R) isfalse.
(d) Assertion (A) isfalse but reason (R) is true.

Que9. | Assertion: Domainof y = cos™1xis[—1, 1]
Reason : The range of the principal value branch of y = cos 1 x is[0, ] — E]
Que 10. | Assertion (A): We can writesinix = (sin x)?
Reason (R) : Any valuein the range of the principa value branch is called the principal
Value of that inverse trigonometric function.
SECTION-B (2 MARKY)
Quell. | Find the principal value of sin™? %
Quel2. | Findthevalueof k if sin? [k tan (2 cos™! ‘/;)] = g
Quel3. | Findthevalueof : tan~1(1) 4+ cos™1(— % )
SECTION C (3Marks)
Que 14.

Find the value of sin"(sin 2?") + cos"(cos 7?71)
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Que 15.

1
Vx2-1

Epress the functions cot ™1

in the simplest form:

Solution
1. _11
(C)[ 2 ’nzl
2. @Y
31
3. @~
4 @[-1,1]
21
5. [@Z
6. _¥3
(8) -7
7 @t
8 (C) [_1' 1]
9 (c) Assertion (A) istrue but reason (R) isfalse.
10 (d) Assertion (A) isfalse but reason (R) istrue.
1 T T
1 sin~! <ﬁ) =sin™?! (sin Z) =7
12 sin™! [k tan (2 cos™1 E) _I
2 3
Or, k tan (2 cos™ 1 E) _¥3
2 2
Or, k tan (2 g)= ?
k tan ( §)= £l
kV3 = ? or k= %
13 let tan_l(l) = y Cos_l(_l) =X -1 -1 (_1) _
Thentany =1 2] tan”"(1) + cos 2)
y=" Cosx=—- T 2
* x = 2Z as domain (0, m) =373
3 _ur
T 12
14 sin~1(sin2n /3) + cos™(cos 2n /3)
=sin~!(sin(m —n /3) + 2n /3
=sin~(sin(n /3) + 2n /3
=sin~(sin(n /3) + 2n /3
T 2n
— 4 —=1
3 ' 3
15 Let x=sec 6, then Vx2 — 1 = Vsec?0 — 1 =tan 6
Therfore cot™* ﬁ =cot™ (cot 0)=0 =sec™ 0
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3/4. MATRICES & DETERMINANTS
IMPORTANT CONCEPTSRESULTS

= 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.

(if) Multiplication of amatrix by a scalar: If A = [aj]mxnisamatrix and k isascalar, then kA is another matrix
which is obtained by multiplying each element of A by the scalar k i.e. KA = [Kaij]mxn

(iii) Difference of matrices: If A =[aj]mxn, B = [bij]mxnare two matrices then
A — B =[aj— bij]m«n , for all valueof i andj. Inother 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 = [&j]mxna@nd B = [Bij]nxp. Then AB = C = [Cik]m x p, Where Cik= a1 bk + a2 bk +
az bac+ ... + anbn = X1 a;jbj

Transpose of aMatrix: If A =[aij] be an mx 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

0 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
ol v o

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

Skew symmetric Matrix: A square matrix M is said to be symmetric if A7 = —A
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] bethe matrix of order 1, then determinant of A is defined to be equal to a

Deter minant of amatrix 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|_
X y|_ ay-bx

Determinant of a matrix of order 3x 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.
Minorsand 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 isdefined by 4;; = (—1)i+fMl-j where M;; is the minor
Of aij'

Adjoint of a Matrix: The adjoint of a square matrix A = [aj]nxn IS defined as the transpose of the matrix [Ajj]nxn Where
Aij isthe cofactor of the element a;.

LetA:[a ﬁ] beaMaIrixoforderZ><2,Thenadj(A)=[6 _ﬂ]
y ¢ -y «a

adj(A)

Inverse of a Matrix: Inverse of a Square Matrix A isdefinedas C = 4]

Note: If A and B are Square Matrix of order n then
(1) A(adj A) = (adj A)A=|A|I , where | isthe 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
(i)  |adj(A)|=|A|™1 (For a square Matrix of order 3 x 3 |adj(4)| = |A|?)
(iv)  |AB| = |Al|B]
(v)  |kAl = Kk"™|A]
(viy 1fAB=BA=I,then Al=BandBl=(Al)l=A
(vii) 1A' = |4
(viii) A)1=(4"1)
) @ =@y

SOME ILLUSTRATIONSEXAMPLES (WITH SOLUTION)

(i) Multiple Choice Questions:
Q.1. If Alis2 x 3 matrix such that AB and AB' both are defined, then find the order of the matrix B
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@2x3 (b)3x3 (02 x2 (d) Not defined
Solution:Let order of B bem x n
..~ AB is defined, ~ No. of columnsin A = No. of rowsin B
=3=m
Order of B'=n xm
Again -.- AB’ isdefined,. No. of columnsin A = No. of rowsin B’
=3=n

So,orderof B=m xn =3 x 3. =~ Correct option is (b).

2 4] _|12x 4 . _
Q.2.If |5 1| = | 6 x|,thenthepossb|evalue(s) of x idare

@1 (V3 (© V3 (d) +v3
_ . 2 4] _12x 4
Solution: S|nce|5 1= | p x|
=2-20=2x2-24 = -18+24=2x> =2x?= =>x=+/3

-~ Correct option is (d).

Q.3. If JA] = [KA|, where A is a square matrix of order 2, then sum of all possible valuesof k is

@1 (b) -1 ()2 (d)o
Solution: |A| = [KA| and n=2
Al =K |A| (- KAl = K" A])
>k?=1 >k=+41 = Sum of al valuesof k=+1-1=0

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

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

Rs50 (ii) Rs20 (iif)Rs40 respectively. The number of attempts made in the villages X, Y and Z are given
below:
(i) (if) (iii)

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 modesis:

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

Let A, B, C bethe 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
(©).[B| =300 250 75 ||20|=]15000+ 5000 + 3000( = {23000

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 toiletsis:

x1 [400 300 100][2/100 8+ 12+ 20 40
M = (300 250 75”4/100] =|64+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:
Q5.1f x [;] +y [_11] = [150] then find the value of x and y.
Solution: Given x [g] +y [_11] = [150]
1= 151l 3] =[5] sz y=10mascey=s
Onsolvingwegetx=3andy =-4
Q.6. If A isasquare matrix such that A2=A, show that (I + A)3=7A +1.
Solution: L.H.S. = (1 + A)3 =13+ A3+ 3I?A + 3IA?
=1+A2A+3A+3lIA=1+AA+3A +3lA
=1 +A2+3A+3A=1+A+3A+3A=1+7A=RH.S.
(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=3and2x + 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] =6/
2 -1 5

0 1 2l 0 0 6 0 0 1

Solution:BA =
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B(€A>=I = Bl=-A==|-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=—-1andz =4

QUESTIONSFOR PRACTICE WITH SOLUTION

QN | QUESTIONS

MCQ (1 MARK)
1 IfA=(1) é],thenAzisequalto
0 1 1 0 0 1 1 0
(a)[1 0 (b)[1 0] (C)[o 1] (d)[o 1
2 2x+y 4x _[7 7y—13] _
If . 4x]— Yy x+6 , thenthevalueof x andy is
(@x=3y=1 (b)x=2,y=3 (o)x=2,y=4 (dx=3,y=3
3 | Which oneisnot correct
(a) (AB)' =B'A’ (b) A'B' = (BA)  (c) (KA) =kA’ (dA =A
4 4 1> 13 2 x 3 .
If|2 1 _|1 x|—|_2 1|,thenthevalueofx|s.
@6 (b3 (©7 (d) 1
5 If A isasquare matrix of order 3 and |A| =5, then |adj A|is
@5 (025 (9125 (d)
6 | If A isasymmetric matrix,thenA3 is:
(8) Symmetric Matrix (b) Skew Symmetric Matrix (c) Identity matrix (d)Row Matrix
7 If the area of atriangle with vertices (-3, 0), (3, 0) and (O, k) is 9 sg units. Then the
value of k will be
@9 (b)3 (©-9 (d)6
8 2 A -3
fA=]|0 2 5‘,thenA'1exists,if
1 1 3
(a) 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

(c)Aistruebut Risfalse
(d)A isfasebut Ristrue

9 For A and B square matrices of same order, choose appropriate option
Assertion (A): (A + B)?#£A%+ 2AB + B2
Reason (R):Generally, AB + BA

1 3 A+2
Assertion: If thematrix A =12 4 8 |is singular, then A=4.
3 5 10

Reason[A]: If A isasingular matrix, then |A|= 0.

Short Answer type Questions (2/3 MARKYS)

11 x 2 3
Ifx=-4isarootof [1 x 1| = 0, thenfind the sum of other two roots.
3 2 X
12 |fA:'_41 ﬂ,thenfind(A—ZI)(A—3l).
13 0 1 1
IfX=[1 0 1|, thenfindthevalueof (X?-X).
1 1 0
14

. : 1 2 31_[-7 -8 -9
Fmdthematrlst;othatX[4 c 6]_[2 4 6]'
Order of X is2x 2 (why)

15 | A matrix A of order 3x3issuchthat |[A|=4 .Find the value of |2A].

16 cosls® sin1s°

Evaluate | o 0
sin75” cos75

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

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

Long Answer type Questions (5,MARKYS)

18 | Solvethe following system of equations by matrix method.
3X-2y+3z2=8, 2x+y-z=1,4x-3y+2z=4

19 31 2
IfA=|3 2 —3|,Find A"l Hence, solve the system of equations :
2 0 -1
3x+3y+2z=1, X + 2y = 4, 2x—3y—z=5
20

If A=

-3 -2 -4 1 2 0
2 1 2 |,andB=|-2 -1 -2/, thenfind AB and useit to solve
2 1 3 0 -1 1

thefollowing system of equations: x—-2y=3, 2xX-y-z=2, —2y+z=3.
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ANSWER

SN

ANSWER

ANS (d)

ANS (b)

ANS (d)

ANS (3)

ANS (b)

ANS (3)

ANS (b)

ANS (d)

ANS (3)

ANS ()

Solution :

Expanding along first Row

f(X) =x(x2-2) - 2(x - 3) + 3(2 - 3x)
=X3-2X-2X+6+6-9X

=x3-13x + 12

Usethe fact that x = -4 is aroot and factorize

f(x) = (x +4)(x2-4x + 3)
f(x) = (X +4(x - )(x - 3)
Rootsarex =-4,1, and 3
The other two rootsare 1 and 3. Their sumisl1l+3=4

12

Solution :
NG It R PR DA I I PO

:{[21 —21] }{[—11 —22] -}

o o

13

Do yourself:

14

Lax= [} ]

X yi1 2 31_1—-7 -8 -9
Now[u VH4 5 6]_[2 4 6]'

Multiplying and comparing the e ements we get

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

-} )

15

RA|=28%x |A|=8%x4=32
Ans 32

16

ANS: 0

17

3 1/2 -5/2
1/2 -2 =2
—5/2 -2 2

ANS: +]5/2 0 -3

0 -5/2 —3/2
3/2 3 0]
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18

Let A=

4
B:[1

4

2 1 -1
04 3 2

3 -2 03]

Then Above system of equations can be expressed as
AX =B
Or, X=AB

A| = -17
-1 -5 —1

-8 -6 9
-10 1 7

adj (A) =

x =1(8) + (=5)(1) +(—1)4
>I — | —8(8) + (—6)(1) + 9(4)
z | —10(8) + 1(1) + 7(4)
Ans:x=1ly=2andz=3.

19

Let A=A=

31 2
3 2 -3
2 0 -1

Find A™! (asusual)
3 3 2
LeeC=|1 2 0 ]

2 -3 -1

X
X= yl
Z

.

1

4
Then Above system of equations can be expressed as
CX =B
Or, X=C1B

Using The property (A")~! = (471)" Solvethe Equations.

20

Do asillustrated 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.

limf(x)= f(c)

f is continuous at ¢ if *>¢ or

mf(c—h): f(c)= Lljgf(c+ h)

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_’ﬂ} %ﬂ_ﬂ)
h

Left hand derivative, Lf’'(a)= }ri_l'ﬂ. fla —h)h- fla)

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

dy [d d
e h—x (f(x})}g{x) + [E (g(x))} f(x).

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

d
gy 99 g @I 0 j; ()]

ax [9(:)]*

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

d_y = d_y g d—u when d—yand d_u 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

Y
dy _\dt

dx [@f]
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 _ _d_[d_y]
dxi dx \ dx

Some Standard Derivatives:
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(i) L (sin x) =cos x
dx

(iii) L3 (tan x) = sec? x
dx

(v) di(cns.ea: x) = —cosec x cot x
X

P T e
(wvii) 2 (sin™" x)= —
e 01 A 1
— [ X)=
(ix) dx( an” ) 1+x2

(xi) 4 (cosec™ x)= ——
dx
(xiii) 4 (x") =nx"""1
dx

(xv) %(&"‘) =g*

(ii) 4d (cos x) =-sin x
dx

(iv) L3 (sec x) =sec x tan x
dx

(vi) 4 (cotx)=- cosec? x
dx

iz d a5 -1
(viii) = (cos™ x)= —u-—l —
d iy 1
(x) —(sec™ X)=—r——=
dx x{x* -1
(xii) ;—x(mt‘l x) =;_7—i—1

(xiv) 4 (constant) =0
dx

d 1 '
i) —(1 =— x>0
(xvi) dx(i}g,y x) =

(xvii) g (a*)=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(x)]%¥ [%% f(x)+g'(x)log f(x)]

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 if x =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.

40 |Page



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.

e

(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.

2_
The given function is f (x) = ’;T:

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)
(i) Find the value of f'(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)

46 |Page



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
)
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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
(Volumel)

e 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(l + b), Perimeter circle = 2nr,

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

T2

Areaof triangle = % base X height, Areaof circle=m r?, Areaof semi circle= -
Slant height of acone |l = Vh? + r?, Curved surface area of cone = rrl,

Total surface area of cone=nr(r + 1), Volume of cone = %zh Curved surface area of cylinder = 2rrh,

Total surface area of cylinder = 2rr (r + h), Volume of cylinder = nr2h, Curved(Total) surface area of

sphere=4 7 2, Volume of sphere = % mr3, Curved surface area of hemi sphere =2 7 r2, Total surface area

of hemisphere = 3 = 2, Volume of hemisphere = g mr3,

Meaning of rate of change of quantities:

1 The derivative % represents the rate of change of distance sw.r.t. timet. In the similar way
whenever one quantity y is changing with respect to another quantity x, satisfying some rule,

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

respect to x, when x = xo thenitis [Z—ﬂ

X=Xo

2. If two variables x and y are varying w.r.t. another variablet, that isx and y both are functions of
t then by chain rule = 2 E,if 20
dx dt dx dt

3. 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 | bean interval contained in the domain of areal 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:

(3 1 (b) 3 (91 (d) 0
Q.2 For which interval is f(x)=3x?>-4x strictly decreasing?
(8 (0.2 (b) (0,2) (©) G ) (d) (o0, )
Q.3 The function y=x%e> is decreasing in interval
(@ (0.2) (b) (-0,0) (c) (2,:) (d) (-00,0)U(2,00)

Q.4 Assertion (A): f(x)=sin x and f(x)=cos x are both decreasing in the interval [Z,x].
Reason (R): The derivative of adecreasing 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) Alistrue; Risfalse.
(d) A isfase; Ristrue.
Q.5 Assertion: The maximum value of f(x)=sin x+cos x for O<x< - isat x=".
Reason: f"'(x)<0 at x= %.
(a) Both Assertion (A) and Reason (R) aretrue, and R explains A.
(b) Both A and R aretrue, but R does not explain A.
(c) Aistrue; Risfalse.
(d) A isfase Ristrue.

Q.6 For the curvey = 5x — 2x3 , if x isincreses 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 vehiclesis given by
P(x)=0.005x3+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 isan increasing function for al 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 aspherical balloon isincreasing at the rate of 3 cm?/ sec. Find the rate of increase of its
surface area, when theradiusis 2 cm.

SOLUTIONS:

Q.1 f(x)=—="; critical point at x= =

2
3[x2—x+1]3

1

At endpoints: f(0)=f(1)=1; at critical point: f(%) = %§< 1
Maximum valueis 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) (-00,0)U(2,).

Q.4 (Assertion):

On (),

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

Assertion is true.
R (Reason):

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

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

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

Answer: ()

Q.5 Assertion:
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f'(x)=cosx—sinx,Put ' (x)=0=>tanx=1:>X:%.
Second derivative test:
f'(x)=—(sin x + cos x ) = f'(§)= —/2 <0.
confirming alocal maximum at x= % )
Since sinx+cosx is continuous and differentiable on (O, g ) , the critical point gives the absolute maximum
within that open interval.
Therefore, Assertion (A) is TRUE.
Reason (R):
f'(x)<0 at ng.
This statement follows from:
f'(x)=—(sin x + cos x ) = f'(g)z -2 <0.
A negative second derivative indicates concavity downward, which confirms that ng isindeed a maximum.

Therefore, Reason (R) is TRUE
Answer: (a)
Q.6 Slope of the curve
y’=5—6x2 ,
Since dx/dt=2 units/sec., slope’s rate wrt time:

% = %. % = -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)=0.015x2+0.04x+30
= P'(3)=0.135+0.12+30=30.255
Q.8 f(x)=(x—1)e*+ & = xe*
For x>0:
Since € isaways positive and X is positive,
SO
f'(x)=xe* >0 for al 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 timet.

A :ﬁxz
4
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Rate of change (increase) of sidex w.r.t. t = % = 2cm/sec.

Rate of change of areaw.r.t. t = 2= LDV ‘/73

d
X.2 = /3 x cm?/sec.
dt 4 dt

Q.10 Let r betheradius, V be the volume and S be the surface area of the spherical balloon at any timet.

4

V=omrd and S= 4 rr?

Rate of change (increase) of volumew.r.t. t = 3 cm? sec.

av _

dat 3
4 av 4 d d
Now, V ==xr3 => &£ = 23712 => 3= 4712
3 dt 3 dat dat
dar
=>—=3/4mr?

dt
Now , S= 4 rr? => % = 811% = 8nr(3/4mr?) => % = g =2cm?/sec.
Practice Questions on rate of change:-
(1 Mark)
Q 1. Find the rate of change of the area of circle with respect to the radiusr, when radiusr =5 cm.
Q 2. Thetota cost C(x) in rupees, associated with the production of x units of an item is given by
C(x) = 0.007 x3— 0.003 x? + 15 x + 4000. Find the marginal cost when 17 units are produced.
Q 3. Thetota revenue R(x) in rupees received from the sale of x units of a product is given by
R(x) = 13 x2 + 26 x + 15. Find the marginal revenue when 7 units are sold.
(2 Marks)
Q 4.A stoneisdropped into a quiet lake and waves move in circles at the speed of 5cm/sec. At
the instant when the radius of circular wave is 8 cm,how fast is the enclosed areaincreasing?
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
radiusis 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 startsfrom apoint P at timet = 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. 107 cmcm 2. Rs. 20.967 3.Rs. 208 4.80 Tt cm?/s
52cm/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:
@ _71+C (b)x(logx-1)+c (©)x(logx+x)+c (d) §+c

Jg sec?(x - %) dx isequal to:

(a) % (b) - % (©)V3 (d) —V3

If £/(x) = x + =, then f(x ) is
(@ x%2 + 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

s .
> SInx—Ccosx

dx isequal to:

0 1+cosxsinx
2sinx

@ (b) Zero(0)  (c) fog—dx @7F

5 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 valueof [’ \/961_’67 is:
1 ™ T ™
@< d, ©3 (d)

10

Thevaue off_l1 x|x|dx is:
@; ()3 (©—% (d)0

Short Answer Type Questions (2/3 Marks)

11

1 1
Evaluate:fex< )dx

x _ x2
Evaluate;

12

J. e*(tanx + logsec x )dx
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1
13 Evaluatefmdx
14 x?
Find: [ (x2+4) ( 779 dx
15 >
Find: [ x2+1)(x2+2) dx
16
Find: fm
17 4
Find the value off |x — 5| dx
1
18 | Evaluate: ['[lx — 1] + lx — 2| + |x — 3[Jdx
Long Answer type Question
19 [ 5X+3
Evaluate: fm x
20 | Evaluate: [ " —= dx
1+e
21 2 SinlOOx
Evaluatef sm1°°x+cosloox
22
Evaluate: fn 1+W
0 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
Je*(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 n-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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5
15 | Putx?=t
2xdx=dt
_ x2+1
_Iog(x2+2) te
16 %sm‘l(%x)+c
17 | 15/2
18 |5
19 | 5x+3=A=(x? +4x + 10)+B
A=5/2 , B=-7
=5Vx? + 4x + 10 -log[(x+2)+ Vx? + 4x + 10] +c¢
20 | apply property
a a
f fx)dx = j fla—x)dx
0 0
I=r
21 | Using property [© f(x)dx =2 [, f(x) dx, whenf(x ) iseven.
T
2
22 | Use property fff(x) dx = fff(a +b—x)dx
21=Z
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
T4
Work Sheet
secx
1. i —— —dx equals:
(a) secx —tanx + ¢
(b) secx + tanx+c
(c) tanx — secx + ¢
(d) —(secx + tanx) + ¢
2 | Antiderivative of VI + sin2x, x € [0, %] is:
(8)cosx + sinx (b) —cosx + sinx (C) cosx — sinx (d) —cosx — sinx
3 1 x34|x|+1
I, 21 0¥ equalsto
(a)log2 (b)2log2 (c)logx (d)2
4 Thevalueoff_lllxldx is:
@ -2 (b)-1 (c) 1 (d) 2
5 | The primitive of ——i
1+cos2x
(d)sec?x (b)2sec?xtanx  (c) tanx (d)-cotx
6 Find: [ — L ix
x(Vx+1)(Vx+2)
7 x+2
Evaluate: [ -=——
8 | Evaluate [ —
1+sinx
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Evauate: ff[lx — 1| + |x — 2]]dx

10

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

Find: [

Hintsand Answers

1 3 1 loa3
20 109 )
Hint: Proceed with cosx = K(3cosx + sinx) + L — (3cosx + sinx)
2 1/
E (E - lOgZ)
Hint: Useidentity cos2x = cos®x — sin?x the proceed
3 |22
4 1
Elog‘)
5 |n? =n N 1 loa?
16 4 297
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 problemin [1+12
9 2log2
10 3r+1
TI.'Z
Hint: Use additive property and break the problem in two parts by finding critical points.
11 | 10g(xe®) —log (1 + xex)+1+iex+ C
Hint: put xe*=t and proceed with substitution.
12 | 1-x)(Vx—2)—sin"Wx+c
Hint: Put x=t? proceed with substitution.
13 _ 1 V3+(sinx—cosx) 1y
= ﬁlog VA= (sinr—cosx) + tan™ " (sinx + cosx)
Hint; convert the numerator in the form (sinx + cosx) + (cosx — sinx)
" 11 |x* 4+ 3x% + 2| 31 ot +
4091 T ox 499212 "¢
Hint:- x2 = t then proceed with substitution.
15 1 1
-3 logcos3x + Elogcost + logcosx + ¢
Hint:exapand using tan(2x + x) = 3x
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8. APPLICATIONSOF THE INTEGRALS

b b b L~ R——
** Areaof the region PQRSP = [dA = [y dx=[f (x) dx.. | >
1F [ dy Lk :
H y=d
** The area A of the region bounded by the curve x =g (y), \
y-axisand thelinesy = ¢,y =disgiven by “ x ;
d d ’
= fx=Towr Jo
c c Xes v =c s

MCQ
1 Find the area enclosed by curve 4 x? + 9 y?= 36
(@) 6 sq units (b) 4n sq units
(c) 911 sq units (d) 3671 sq units
2 The area enclosed between the graph of y = x® and thelinesx =0,y =1, y=8is
@ 7 (b) 14 (c)45/4 (d)None of these
3 The area of the region bounded by the curve y? = x, the y-axisand betweeny =2 andy =4
IS
(a) 52/3 5. units (b)54/3 sg. units
(c) 56/3 sg. units (d)None of these

4 The area of the region bounded by the curve x2 = 4y and the straight linex =4y — 21is
€) % sq. units  (b) ¥ sq. units (¢)% sq. units  (d) 9/8 sg. units

5 Areaof region bounded by the curve y? =4x, and its latus rectum above x axis
(a) 0sgunits (b) 4/3 sg units (c) 3/3squnits  (d) 2/3 sg units

Short Answer Type Question

1 Find the areabounded by theliney = x, x-axisand linesx =—1tox = 2.

2 Find the area between the curvesy = x and y = x3.

Short Answer type questions (Unsolved)

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

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

I~

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 aternative choices, only one of which isthe correct answer. Y ou 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 isincorrect

(d) Assertion isincorrect, Reason is correct

1. Assertion : The area bounded by the curvey = cos x in | quadrant x=0, and x= g Is1sg. unit.

Reason: [2cosxdx = 1

2. Assertion : The area bounded by the circle x?+ y? = & in the first quadrant is given byfoax/a2 —x2 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)

QL Find the area of the region bounded by the curvez—z + % =1.

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__
B
X'e LA '
O M 4J2,0)

(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) Areaof the shaded region is Sg. units.

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

(1) 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)

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

VA YA

(a) x= ; oo - (D) -
x‘/.
¥, s N
O
7
i
' .-'.'-“;‘T.
II"._ -
{c) x=-a T T (1) Mome of these
- 0. &
.--"H
S

(iv) Vaue of theintegral f_26(3 —y)dyis

Answer

| 1 | Answer: (a) 61 sq units |
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Explanation:
4x2+9y?=36
oy

+ X =1
36 36

XZ 2
LRI A
9 4

a=3 , b=2
Area ofellipse =mab =1m3.2 =61 sq. units.

Answer: (c) 45/4
Explanation:
Given curve, y=x3or x = y3,
1
Hence, the required area, A = | 18 y3 dy
A = [(y)I(4/3)].°
Now, apply the limits, we get
A = (¥5)(16-1)
A = (¥2)(15) = 45/4.
Hence, option (c) 45/4 isthe correct answer.

Answer: (c) 56/3

Explanation:

Given: y? = x

Hence, the required area, A = 2J* y? dy
A =[y%3]*

A = (4°13) - (2%3)

A = (64/3) — (8/3)

A =56/3 sg. units.

Answer: (d) 9/8 sg. units
Explanation:

For the curves x? = y and x = 4y-2, the points of intersection arex = -1 and x = 2.

2
Hence, the required area, A = [, (xTJ’Z - x:) dx

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

A = (¥%4)(9/2) = 9/8 5. units

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

Ans (b) 4/3 squnits

Short Answer Type Question v

Sol. Wehave, y = x, aline 1 f,.'. %

Required Area = Areaof shaded region
0 2 X2 0 X2 2
= |f_1xdx|+|f0XdX|= 7_1"' 21, —"qh
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1 2 1 5 .
= |—=|+|-] = + - = -
| 2| |1| 2 2 zsq' units

Therequired areais symmetrical about the origin as shown in the diagram, So
Required Area = 2 fol(x —x3) dx

=2[§—§] x| '

-1 J
_ -

Short Answer type questions (Unsolved)

Ans 4 sg units

Ans. 32/3 5. units

Ans. 8a%3gg. units.

Ans. 4 sq.units

ASSERTION - REASON TYPE QUESTIONS:

z _ . n/2 _ . J _
Ans (@) [Zcosxdx = [sinx], =sin> -0 =1

Ans. (b)

Ans. (d)

Long Answer Type Questions: (Unsolved)

Ans. mab.

Ans. 4 sg. units
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9. DIFFERENTIAL EQUATIONS

Definition: Anequation involving derivatives of the dependent variablew. r. t independent variable/sisknown
as adifferentia equation.
Examples of differential equationsare: 2 = e, 22 4 y = 0, 22 4 42 (‘12—3’)3 =0

P & “dx 'dx? Y= " dx3 axz) ~—
Order of adifferential equation: Order of adifferential equation isthe 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 adifferential equation: Degree of adifferential equation isthe highest power of the highest order
derivativein it and it is defined if it isa polynomial equation in its derivatives.
Consider the following differential equations:

213 2y 42 d 3 ) " , . ,
[+ @) =22+ (&) = 077 + 07 = x5in )
The degree of thefirst two differential equations given above are 1 and 3 respectively whereas the degree of
the third equation is not defined asit is not a polynomial.

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

Solution of a differential equation: A function which satisfies the given differential equation is caled 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 equationswith variables separable: A first order-first degree differential equation is of the

dy
forma = F(Y)iiiiinnn, (D

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

The differential equation (1) then has the form 2 = h(y). g(x). ...c.ccocoovoee... )
If h(y) # 0, separating the variables, the equation (1) can be written as

1
@dy =g0)dx .cooiiii 3)
Integrating both sides of (3), we get

1

@dy =[g)dx ..cc..ooeiiiinn. 4)
Thus, (4) provides the solutions of given differential equation in the form
Hy) =Gx) + C.ccovvenenn.. 5)

Here, H (y) and G (X) are the anti-derivatives of ﬁ and g(x) respectively and C isthe arbitrary constant.
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Homogeneous differential equations: A differential equation of the form % = F(x,y) issaid to be
homogenous if F(x, ¥) is ahomogenous function of degree zero.

To solve a homogeneous differential equation of the type

L= Fy) =g(2) o (1)

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

dy dv
o VT 3)
Substituting the value of % from equation (3) in equation (1), we get

d
v+x£= g()
Or

x%:g(v)—v ................... (4)

Separating the variables in equation (4), we get

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) = el Pdx the L.H.S. becomes the derivative of some function of x and y.

Thisfunction g(x) = el Pa% jscalled Integrating Factor (I.F.) of the given differential equation.

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

edexZ_;’_l_Pedexy — Q.edex

Or :_x(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

2 3
1) The order and degree of the differential of the differential equation (%} - 5% +6=0is

X X
(A)2,3 (B) 3,2 ©1,1 (D)0, 3
2) The order and degree of the differential of the differential equation y = px++/1+ p* , where p= ? is

X
(A)1,% B)1,2 ©21 (D) 2,2
. . . . _d’y . (dy .
3) The order and degree of the differentia of the differential equation F +9in d_ =0is
X X

(A)2,1 B)1,1 (C) 2, degreeis not defined (D) 1,2

4) The solution of the differential equation cos (Z—z) —aa €ERis

1

(A)y =sin"ta+c (B)y =xsin"lx+c¢ (C)y=xcos"ta+c (D) Noneof these

e~2Vx ) dx

5) The integrating factor of the differential equation( N

(A) 1 (B) e~2V* (C) e2¥* (D) e*

6) Theintegrating factor of the differential equation (1 — x?)Z + xy = ax,—1 < x < 1,is

1 1 1 1

(A) == (B) == ©) = D) 7=

dx?

dy\? 3 d?%y
7) The order and degree of the differential equation [1 + (E) ] = — respectively arel
(A)1,2 B) 2,3 ©)21 (D) 2,6
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8) The integrating factor of the differential equation x‘;—i’— y = x* — 3xis:

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

1

9) The solution of the differential equation =~ =

logy
(A)logy = x +c B)ylogy —y=x+c
Clogy —y =x+¢c D)ylogy +y =x+ ¢

10) The differential equation % = F(x,y) will not be ahomogeneous differential equation, if F(x, y) is:

X X

(A) cos x — sin (y) (B) % (C) x J;yz (D) cos? G)

11) The order of the differential equation (y")? + (v)3 = xsin (y") is:

(A) 1 (B) 2 (©) 3 (D) not defined

12) The number of solutions of differential equation % — vy = 1,gventhaty(0) =1, is:
(A)O (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 © 22 (D) not defined, 2

14)xlogxz—z + y = 2log xisanexampleof 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 genera 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 ©y D)7

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

(A) 2 (B) 1 (C) 0 (D) 3

18) The integrating factor of the differential equation Z—Z + % y=20

(A) JZ_C (B) x? © e;z_c (D) elog(2x)

3
19) The sum of the order and the degree of the differential equation 32732’ + (Z—z) =siny s

(A)3 (B) 2 ©)5 (D)4

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

d‘y . d_y 3 _ )
dxzsmy+(dx) cosy =,/y "~

(A)3 (B) 4 (€6 (D) 2

ASSERTION AND REASON

In the following question, a statement of assertion(A) isfollowed by a statement of reason(R). Choose the
correct answer out of the following choices:
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(A) Both A and R aretrue 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) Aistruebut Risfalse.

(D) A isfdsebut Ristrue.

1) Assertion (A): The general solution of the differential equation x 2 + 2y = x2 isgiven by y = = + cx~2
Reason (R): The genera solution of linear differential equationisgivenby y(I.F.) = [{(I.F.) x Q}dx + ¢

2
2) Assertion (A): The order and degree of the differential equation (Z—z) + 43%’ + 5sin (Z—Z) =0 is2and1l
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) Solvethe Differential equation: e?~* = = 1.

2) Solve the differential equation: 2 = ==~

1+cosx’
3) Solve the differential equation: x(x? — 1) 2 = 1;y(2) = 0.

4) Solve the differential equation (x? — 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 = g
X

d —_
6) Solve: £ ==,
dx y+x

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

8) Solve: (1 + y?)dx = (tan™ty — x)dy.

= giventhaty = 0

9) Find the general solution of the differentia equation : ydx = (x + 2y?)dy.

CASE STUDY

1) A bacteria sample of certain number of bacteria is observed to grow exponentialy in a given amount of
time. Using exponential growth model, the rate of growth of this sample of bacteriais calculated.
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The differential equation representing the growth of bacteriais given as: Z—f = kP, where P isthe 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
‘.

(it) If population of bacteriais 1000 at t = 0, and 2000 at t = 1, find the value of k.
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10. VECTOR AL GEBRA

1.For what valueof p, is (i + j + k) p aunit vector ?

3 t— b) +1 0 *: d) £V3

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 c) . 180° d) 60°

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

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 d = 2i + 3} +6k.

10.1fd=% —2f+kandb =2 + -3k, findd- b.

11. Find avector perpendicular tobothd = @=2f —j+kandb =1+ -2k

12.1f @ and b aretwo vectorssuch that d@= 3 +4j and b = i -2 j find the angle between them.

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

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

15. Find the value of x if thevectorsd= i+ 2 + xkand b =3i-2j+k are
perpendicular.

16.Find a unit vector perpendicular to both d=3i +2j +2 k and b=1 +2 7 + 3k.

17.Find the angle between the vectors @= 21 — 3j + k and b=1+ j — 4k. Also, state whether they are
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.

19.1f d= {-2j + 3kon b =21+ — 2k. Find avector & such that it is perpendicular to both @ 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=31-2j + 4k, 0C =51-4j + 3k .
The company wants to analyse the drone’s path and performance using vector operations.
Answer the following questions:
(@) Find the vectors "AB and BC
(b) Find the angle between vectors "AB and BC.
(c) Isthe path taken by the drone a straight line? Justify.

SOLUTIONS
Loa) +% 2 ovE 3b) o 4 @ 5 120
6. d -3  7.0) 2BC 8.¢) V42
9. unit vector= — = 237 *6k
lal 7

10.d-b=(1 -2/ +k).(28 +}-3k) = 1.2+ (=2).1 + 1.(—3)=2-2-3=-3

_ a-b (31 +4]).(1- 2]) _ -1
12. COSB_|3||B| = STS 5\/5 8 = cos (W)

13. (# Xj) = (3t — 2j + 6k) X j =3k — 61
(# 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 q3ﬁ
17. Using cosf = ——= find 6.

fal[]
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.11f a, B and y are the angles made by aline with the positive directions of thex, y, and z axes

respectively, then which of the following is correct?

(@) cos?a — cos?B + cos?’y =0

(b) sin®a + sin?p + sin’y =2

(c) cos?a — cos?f — cos?y =0

(d) cosa +cosf +cosy =0

Q.2 Vector equation of alineis # = (41 — 2] + 5k) + u(i + 3) — 2k) ,the Cartesian form of alineis:
@ ="=5

+4 y—2 zZ+5
(b) X+t _Yy-2
1 3

x—4_y+2 __z-5
© 1 3 2

(d)x+4_y—2:§

-1 3
Q.3 The vector equation of alineis 7= (5 —s)i+ (3 + 2s)j + (1 — s)k , the Cartesian equation of the

line passing through point (0,1,-2) and paral€e toitis,

x _y-1_ z+2
(a)—1_ 2 -1

x_y1_ z+2
(b)1_ -2 1

¥ _y-1_z+2
(C)—1_ 2 1

X _y-1_z+2
(d)1_ 2 1

Q.4 If aline makes angles%,% and 6 with the positive x, y and z axes respectively, then 6 is
@ + p (b) + > (© - only (d) 3 only

Q.5 The equation of aline 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

©x=t+3 , y=2t—1,z=1t+5
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dx=t—3 , y=2t—1,z= —t+5
Q.6 Determine the value of p so that thelines 7 = (1 +t)i + (2 — t)j + (3 + 2t)k and
7= 2i+psj+ (4 —s)k areperpendicular.

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

x—2 y+1 z-5 x—=5
3 -2 1 1

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

lines:

=—and—=—=
2 -1 1 -2

x_—4 _y+2 z+1 x+1 y—1 E
3 2
Q.9 Consider thelines:

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 Theline L1 passes through the point (1,2,—1) and has direction ratios proportional to (2,—1,2)
Another line L2 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

y—3 z+4

x
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)
(i) Find the cartesian equations of al the sides.

(ii) 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 theline,
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7= (111 — 2j — 8k) + t(101 — 4f — 11k)
Q.15 Find the coordinates of the point Q on theline

x—-2 _y+1 z-3
= =

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 ,Q.4 (0 ,Q.5(a)

Answer 6. Rearranging both equations

7= (142 +3k)+t({i—j+2k)

7= (20 + 0j + 4k) + s(01 + pj — k)

If both lines are perpendicular then,
MO+ EEDE +@)(-1) =0

p=—2

Answer 7.Linel: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
Thenforlinel:x=5,y= -3,z2=6
Forline2:x=5,y= -3,z=6
Hence point of intersectionis (5, —3,6)
Distance of point (5, —3,6) from point (5,4,-2) isv/113.

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

x-3 y—0 _ z+1

L1: T:T— c =k (1)
i x—4_y+2_ﬂ
L2: 3 2 -1
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L3: — ===

x+1  y-1  z-2
2

If lineL1and 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

—_ —— :k

x—-3 y—0 z+1
2 -7 -8

Answer 9. Vector form of both lines,

(=1 + 3 — 4k) +t(31 + 2] — k)

=
Il

(31 — j + 5k) + u(2i — j + 2k)

>
r

Lo lr ik
by xb, =3 2 -1
2 -1 2
= (3t —8j—7k)
|b; X b,| = V122

Answer 10. Equations of given lines respectively,

(i + 2 — k) +t(21 — j + 2k)

7
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7= 3i+0j+4k)+ul@+2j—k)

N t j 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 Bz)

d= —
|by X by |

11 )
d = —— units

V50

Answer 11. Let P(x,y, z) be thefoot 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 lineAP= (2k — 5,—k + 3,4k — 5)
Direction ratios of given line= (2,—1,4)
Since both lines are perpendicular then,
2k-5)+ (—1)(-k+3)+4(4k—-5) =0

k_11
7

Foot of perpendicular :P(g , 1_70 1_76)

V350

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:
x—4 y—-5 z-6
-1 3 1

Equation of line GH:
x—3 y—-8 z-7

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

(ii) Let P(x,y, z,) be thefoot 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 lineAP= (=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

wl

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(Gt+2)=0

-5

t=—
42

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

Substituting values of X,y and z ,we get

Coordinates of point R(a, b, ¢) = (i =47 H)

21’ 21’21

Answer 14. Let Q(x,y, z,) be thefoot 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 — 4] — 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 isthe 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, z).
ThenQ(x,y,z) = (t+2,2t—1,—t +3)

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

Thus, (t+2-5)4+R2t—1-1)?+(-t+3-0)?=(4)?
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3t2—-10t+3 =0

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

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

BASIC CONCEPTS

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

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

2. Constraints: Thelinear 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 seeksto maximize or minimize alinear function (say of two
variables x and y) subject to certain constraints as determined by a set of linear inequalitiesis called an
optimization problem.

4. Feasibleregion: 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: Pointswithin 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.
(ii) In case, the feasible region is unbounded, we have:
4. (a) M isthe 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, misthe minimum value of Z, if the open half plane determined by ax + by < m hasno point in
common with the feasible region. Otherwise, Z has no minimum value.

MCQs
SN. Questions

1  What isthe objective function in alinear 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
¢) Conditionsin the form of inequalities
d) Vaues of the objective function

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

C) 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?
al

b) 2

c)3

d) Infinite

Which of these is a correct objective function?

a) x2+y

b) 3x + 4y

) x\/y +y

d)Vx+y

The common region determined by all the constraints of alinear programming problem is called:

a) an unbounded region  b) an optimal region  ¢) abounded region d) afeasible region

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

a) feasible solutions  b) constraints  ¢) optimal solutions d) infeasible solutions
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Of the following, which group of constraints represents the feasible region given below ?

aX+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 § A
d) X +2y > 76, 2x +y = 104, x,y = 0 i

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

a) 50
b) 110
c) 120 R
d) 170

The number of corner points of the feasible region determined by constraintsx > 0,y > 0,
X+y=>4is

a0 b) 1 02 d) 3

A linear programming problem is afollows:

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

c) Infinitely many points

d) Two points only

If afeasibleregion is apolygon, 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) Theorigin
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The solution set of theinequation 3x + 2y > 3is
a) half plane containing the origin

b) half plane not containing the origin

c) the point being ontheline3x + 2y =3

d) none of these

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

(b) An unbounded solution

(c) A unigue solution

(d) Infinitely many solutions

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

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

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

ap=q b) p=2q c)q=2p d)g=3p
Observe the graph of the feasible region of the cost optimisation L PP shaded below.

Which of the following inequalitiesis one of the
constraints of the LPP ?

a) 5x +y > 10 I\
b)x+y> 12 S
C)3X—-2y<6

dx+y=>10

Solve the following L PP 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,
X—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)

¢) Conditionsin the form of inequalities
Explanation:

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

a) First
Explanation:

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

c¢) Corner points of the feasible region
Explanation:

Thisis 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 aong 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=3inLHS
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~ 2+ 3=5< 6whichistrue.
7 0©3

Explanation:

Thisis because atriangle has 3 vertices.
8 b)3x+4y

Explanation:

Objective functions arein linear form.
9 d)afeasibleregion
10 b) constraints

Explanation:

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

linear programming problem

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

12 ©) 120
Explanation:
Corner point Vaueof Z=4x +y
L(0, 50) Z = 4(0) + 50 =50
C(20, 30) Z =4(20) + 30=110
B(30, 0) Z =4(30)+0=
120-MAXIMUM
0(0,0) Z=40)+0=0
13 )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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14  ¢) Infinitely many points
Explanation: y

Let the equation of constraints be

3x+5y=15 (0,6)
2x +3y =18
x=0,y=0
0,3
O (5,0 (9,0) X

Corner point Z = 30x + 50y

(5,0) 150
(9,0 270
©, 3) 150
0, 6) 300

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

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

16 Db) half plane not containing the origin

Explanation:

X+2y>3

Putx=0,y=0

3(0)+2(0)=0< 3

So, the half plane does not contain the origin.
17 (a) No solution

Explanation:

Asthefeasibleregion is solution set and if it is empty then there is no solution for the given LPP.
18 a)feasibleregion

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)a=3p

Explanation:

Z=px+aqy

Zismaximum at (15, 15) and (0, 20).
~ 15p + 15q = p(0) + 20q

=15p = 3q

=>3p=q

=q=3p

dx+y=>10

Explanation:

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

_10-5
y-10 = E(X'O)

=Yy-10 = _isx

=Yy-10=-x

=>x+y=10

Also the shading the away from the origin.
So, the correct inequality isx +y > 10.

Solution: Lee 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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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 Pointsare O(0, 0), A (4, 0) and B (0, 4).

Evaluate Z at each of these corner points.

Corner Point Valueof 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 (O, 4).

Lee x+2y=10
Putx=0theny=5andy =0thenx =10

X 0 10
y 5 0
Now 3x+4y=24
Putx=0theny=6andy=0thenx =8
X 0 8

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

I+ 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 Valueof Z
(0, 5) 200 x 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)

oy

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 isto minimise
Z=5x+ 10y ... (i)

Subject to constraints
X +2y <120 ...(i1)
X +y>60...(iii) X—=2y>0...(iv)and x>0,y >0
Tablefor linex + 2y =120is
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 planeis towards the origin.

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

On putting (O, 0) in the inequality x +y > 60, we get
0+0>60= 02=>060 (which is false)

So, the half planeis away from the origin.

Thirdly, draw the graph of thelinex — 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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~Thefeasibleregion liesin the first quadrant.
Y

D (40, 20)
(0, 60)]

¢ C (60, 30)

B (120, 0)

H (
(60, mﬂ{ w\ > X

x+y=60  x+2y=120

r 3

x—;?y=ﬂ L 4

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 =0and 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 Z =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 RESUL TS/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 Sis called an event.
¢ (c S) iscalled an impossible event and
S(c S) iscaled asure event.
** Probability of an Event.
(i) If E be the event associated with an experiment, then probability of E, denoted by P(E) is
defined as P(E) = number of outcomesin E

number of tota outcomesin samplespaceS
it being assumed that the outcomes of the experiment in reference are equally likely.
(i) P(sure event or sample space) = P(S) = 1 and P(impossible event) = P(¢) = 0.
(iii) If Ea, Ez, Es, ... ,Ex are mutually exclusive and exhaustive events associated with an experiment
(i.e.if B2 ExU Esu ... UE) = Sand EnEj=¢ fori,j e {1, 2, 3,.....k} i#]), then
P(E1) + P(E2) + P(Es) + ....+ P(Ex) = 1.
(iv) P(E) + P(E®) = 1
** |f E and F are two events associated with the same sample space of arandom experiment, the
conditional probability of the event E given that F has occurred, i.e. P (E[F) is given by

P(E|F) = P(E(—;)F) provided P(F) # 0

** 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.
** |ndependent 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, E> ,..., Enare n non empty events which constitute a partition of sample
space S, i.e. E1, E> ..., Enare pairwise disjoint and E1u Eou ... UE,= Sand A is any event of
nonzero probability, then

;P(EJ)P(A‘EJ')

P(Ei|A) = foranyi=1,23,..,n

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

(A) 0.80 (B) 0.60 (C) 0.90 (D) 0.70
2 A committee of 3isformed 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) 35
(D) Y2
3 The probability that a student solves a problem is 3/5. If 4 students attempt independently, what is
the probability that at least one of them solvesit?

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

(D) 609/625

In atest, the probability that student A passesis 0.9 and B passesis 0.8. The probability that both
passis 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 isthrown three times. What is the probability that the number 6 appears at most
once?

(A) 200/216

(B) 91/216

(C) 36/216

(D) /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) 12

(B) 7/12

(C) 5/12

(D) /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
(C)o04
(D) 0.3
If the odds in favour of event A are 3:2, what isP(A)?

(A) 2/5
(B) 3/5
(C) 12
(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) 12

(B) 2/3

(C) 3/4

(D) 1/4

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

(A) 1/2
(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 isdivisible 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) 127221

(D) 9/221

A man tells the truth 3 out of 4 times. He reports a 6 after rolling adie. What is the probability it
was actually a6?

(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) /2

(B) 7/12

(C) 5/12

(D) 3/4

A student solves part A of apaper 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)o04
(D) 0.1
A and B are independent events. P(A) = 0.6, P(B) = 0.5. What isP(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 istossed 5 times. What is the probability of getting exactly 3 heads?

(A) 5/16

(B) 10/32

(C) 38

(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 isequally likely to be aboy or agirl. If afamily has two children, then
what is the conditional probability that both are girls? Given that

(i) theyoungest isagirl?

(ii) atleast oneisagirl?

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 ared 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.

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

Provethat 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
PAUB)=PA)+P(B)-P(ANB)=0.6+0.7-0.5=0.8
Correct Answer: (A) 9/10

Explanation:

Total waysto choose 3 from 5= C(5, 3) = 10
Ways with no girl = C(3, 3) =1 (al 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
4 Correct Answer: (A) 0.98

Explanation:
P(at least one) = P(A) + P(B) — P(A N B)
=09+08-0.72=0.98

5 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
6 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

7 Correct Answer: (A) 0.2

Explanation:
P(A N B)=P(A)+P(B)—P(AUB)=0.6+0.5-0.9=0.2
8 Correct Answer: (B) 3/5

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

Explanation:
P(E|F)=P(ENF)/PF)=(1/4)/(112)="%
10  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

11 Correct Answer: (B) 15/36

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

12 Correct Answer: (A) 13/90

Explanation:

Tota 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(A UB)=P(A) + P(B) - P(A N B)
08=0.7+04-x=>x=0.3
Correct Answer: (A) 0.8

Explanation:

P(B)=0.5
P(ANB)=0.6x0.5=0.3
PAUB)=0.6+05-0.3=0.8
Correct Answer: (B) 0.5

Explanation:

P(E U F) = P(E) + P(F) — P(E)xP(F)
0.64=04+x—0.4x
0.24=06x=>x=04

Correct Answer: (A) 5/16

Explanation:
C(5,3) x (U2)"5 =10 x (1/32) = 10/32 = 5/16
Correct Answer: (B) Independent

Explanation:
P(E)xP(F)=0.6 x0.5=03=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 afamily has two children, then al possible cases are
S={Bb, Bg, Gg, Gb}
~nS =4

Let usdefine event A : Both children are girls, then A = {Gg} = n(A) =1

() Let E1 : The event that youngest child isadgirl.
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Then, E1 ={Bg, Gg} and n(E1) =2

aE) 2 1
-_G,f_| I ——u L L ey — Ll i
dhal LT
and AmE, =1{Gg} = mAMnE 1=l
. mACE) 1
50 A E )= L
o pt o =

Now, Pl A |=Dini) _1i4_1
By P&, ) 172 2
. Required probability = l:

(i) Let E: Theevent thet aleast oneisgirl.
Then, E={Eg, Gg, Gb} = n(E) =3,

P (ANE) _1

P(A/E) = p@E) 3

22 B

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

Clearly, P(4) =1 - P[A")=1 - 0.7= 03
Now, P[E]=PM“B}
A P(A)
FPlA ™ B)
0.3
=  P(ANB) =015

P[£]= PANB) _ 015 _ P(ﬂ):
B P(B) 07 B

23 Whenadieisthrown, the sample spaceis
S={1,23,4,5,6}
=>nS) =6
Also, A: number iseven and B: number isred.
~A={2,4,6}andB={1,2,3} and AN B= {2}
=n(A)=3,nB)=3andn(A N B)=1

= 0.5=

-
|

Now, PlA)= " =" =_

and PlArnB="2""""7

Now, P{A) =x P(B} = _li *

P (A B} # P(A) x P(B)
Thus, A and B are not independent events.
24 Letusdenotethenumberson black dieby By, B, ....... , Bsand thenumbersonred dieby Ry, Ry, ......, Re.
Then, we get the fallowing sample space.

s={(By, Ry ,By, R, ....... ,(B,Re), B2, Ro), ......... ,(Bs, B1), (Be, B2), ....... , (Bs,Re)
Clealy, n(S) =36

Now, let A bethe event that sum of number obtained onthedieis 8 and B bethe event that red die showsa
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26

number lessthan 4.

Then, A ={ (B2, Re), (Bs,R2), (B3,Rs), (Bs,R3), (Bs,R4)}

and B ={(By1, R1), (B1,R2), (B1,R3), (B2,R1), (B2,R2), (B2,R3).,........, (BsR1), (Be,R2), (BsR3)}
= AN B={(Bs, R2), (Bs, R3)}

Now, required probatility,

= 2 1
P(A/B)=P(ANB)P(B) = 3¢ = PP
36
we have, ZP(A) = P = %
— P{A} — — and P{B) — — and P{A/ B — =
26 13 =
= p[iJ:i’iﬂ.T_’-ﬂ
’ B F (B
: - S Ll e
o 5 5/13
2 1--(,1.—~1m=f;-=;_5=_'£

= 1% L%
s PlA I — P{A) + P{E — P{A~

— g S
24 13 3
_S5+10—4a 11

= &5 =g

Given, E and F are independent events, therefore
=>PENF)=PE)PF)........»10)

Now, we have,

P(ENF)+PENF)=P(E)
PENF)=PE)-P(ENF)

P(E N F)=P(E)-PE) PF) [usng Eq. (i))
P(ENF)=PE)[1-PF)]
PENF)=PE)PE)

~ E and F ‘are also independent events.

Hence proved.
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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, =)
2 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 transitiveis
(@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}
5 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
® | 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( 23 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}: xE€N,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}and defineR={(a,b):a+b>0}.show thatR is 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): a is 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 than b ; a,b€ A }on the set A .
Write R as a set of order pairs, is the relation Symmetric?

15 | LetA={1,2,3}and defineR={(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« = [-5,0) 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 isorganizing a debate competition with participants as speakersS{S:, S, S, S} and

these arejudged by judges {J:, J>, J3} =. Each speaker can be assigned onejudge. Let R bea
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relation from Sto J defined asR {(x, y) : speaker x isjudged by judgey; XeS,y e€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, o) 2.(a) reflexive but not symmetric 3.(a@)1

4, (c) {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)

Quel. | Thevalueof sin~t (cos g) is

@ 3 (b) = (0 -= =

Que2. |Ifsec™'x+ sec™!'y = 2m,the value of cosec™ x + cosec™ !y is

@ « (b)2n (c) 32n (d) —m

Que3. | The domain of the function cos™1(2x — 1) is

(@ 1[0, 1] (b) (-1, 1) (©[-1.1] (d) [0, ]

Que4. | Onebranch of cos™! x ,other than the principal value branch corresponds to

@[F= W) 2m - [Z] [ (© [2m 3] @ (0,1

2’ 2

Ques. | Thevalueof sin~? [cos 43?“] is

(8= (b) =% © 15 (D~

10

Queb. |Ifsin™'x =y, then

(@0 <y<m b)-S<x<Z [(©0<y<m (d) -5 <x<;

Que7. |tan"'+/3 — sec™(-2) isequal to

T T 21
@ m (b) -2 ©3 () F
Que8 | Thedomainof sin™'2x is
-1,1 b) (-1, 1 _11 _11
@1 ) 0){ ) (C)[ 2’2] (d)( 2’2)
In the following questions 9 and 10, a statement of assertion (A) isfollowed 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) istrue but reason (R) isfalse.

(d) Assertion (A) isfalse but reason (R) istrue.
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Qued. | Assertion (A): sin*‘(sins?”) = 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): Theinverse of tan™! x existsfor somex € R

SECTION-B (2MARKS)

Quell. | Find thevaluesof tan~! (tan E) + cos™! (cos 13—”)
6 6

Quel2. ||f tanlx +tanly = 4?” then find the value of cotx + coty

Que13. | Find the value of tan’® (_T;) + cot'l(%) + tan (Sin(— S))

SECTION C ( 3Marks)
Que 14. | Show that sin~'(2xv1 — x2) = 2sin~! x where —— < x < —
V2 V2
ue 15. —
Q Write the function in the simplest form : tan™! < LCCZE;C) where0) < x < 1
SECTION-D (5 Marks)
Que 16. R e 2 WL N W
Prove that tan (\/_sz—_ m) =, tjcosTx
2
Quel7. | Find the values of tanl(sin‘1 sz + cos™!3 yz), where [x|<1,y>0andxy <1
2 1+ x 1+ y

SECTION —-E (COMPETENCY BASED QUESTIONYS)

Que 18. | Principal Value of Inverse Trigonometric Functions”. Teacher told that the value of an
inverse trigonometric functions which liesin the range of principal branchiscalled the
principal value of that inverse. Based on the given information, answer the following
guestions

(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 satelliteis at height h = 35,786 km above Earth's surface and the
horizontal distance from the ground station is d km, then the elevation angleis given by:

f=tan?! (%)

The engineers also need to work with the relationship: sin™?! (g) + cos™ ! (g) = 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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MATRICES Work Sheet

Max Marks: 20 Time: 40 Min
1. If A is a 2x3 matrix such that AB and AB’ both are defined, then find the order of 1
the matrix B.
2. 0 a 3 1
If thematrix |2 b —1|isaskew symmetric matrix, find the values a, b and c.
c 1 O

|

3.  Prove that AA’ is always a symmetric matrix for any square matrix of A.

4. If A and B are square matrices, each of order 2 such that |A[=3 and [B|= - 2, then 1
write the value of [3AB]|.

5. If A is a square matrix of order 3 such that |adj A| =225, find |A’|.

6. 2x 5|_|6 -2 : - 1
If | 3 X| = |7 3 |,thenf|ndthepossblevalue(s) of x.

7. Find the equation of the line joining A(1,3) and B(0,0) using determinantsand find 2
k if D(k,0) isapoint such that area of triangle ABD is 3 sq units.

=

8. 4 -4 8 4 2
FindA,if [1|A=|-1 2 1
3 -3
0. 1 -1 0 2 2 -4 5
GivenA=12 3 4|andB= [—4 2 —4] , find BA and use it to find the
0 1 2 2 -1 5
values of X, y, z from given equations:
X—y =23, 2x + 3y + 4z = 17, y+2z=17
10. cosx —sinx 0 5
If f(x) = [sinx coS X O], prove that: f(x)f(—y) = f(x —y)
0 0 1
Work Sheet |
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 -1
1 If|2§c il = |g §|,thenxwill be:
(a3 (b)-3 (c)£3 (d) any number
2 COS X —sinx 1
If x, y € R, then the determinant A= sin x CoS X 1] lies in the interval
cos(x+y) —-sin(x+y) O
(A —v2,v2] b)[-1,1] © [ -v2,1] (d) [-1, V2]
3 —a b c
Iflfa —b ¢ |=Kkabc, then the value of k is:
a b —c
(@ 0 (b) 1 (c)2 (d)4
4 -2 0 0
IfA=|1 2 3 ‘ then the value of |A (adj A)] is:
5 1 -1
(a) 100 I (b) 101 (c) 10 (d)1000
5 | 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
6 | Assertion(A) : For any square matrix B with real number entries , B +B” 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
If A=|3 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 -10
Given A=|-4 2 -4,B=|2 3 4|,Find BA and use of this to solve the system of
2 -1 5 0O 1 2
equations: y+2z=7,X—y=32x+3y+4z=17
13 -4 4 4|1 -1 1
Determine the product | -7 1 3 |1 -2 —2]anduse it to solve the system of
5 -3 1|2 1 3
equations X—y+2z2=4,X—2y—2z=92x+y+3z=1
14 1 -1 2|-2 0 1
Usethe product [0 2 3|9 2 -3 tosolve the system of equations
3 -2 4|6 1 -
X+3z2=-9—X+2y—-2z2=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)}
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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)
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Worksheet: Application of Derivatives

Concepts Covered

1. Derivative as Rate of Change

2. Increasing and Decreasing Functions
3. Tangent and Normal to a Curve

4. Maxima and Minima (L ocal/Global)

5. Simple Word Problems using Derivatives

Part A: Multiple Choice Questions (MCQs)

QL. The dlope of thetangent to thecurvey =x3-3x +2atx = 1is.

A)0B)1C)-2 D)3

Q2. For the function f(x) = x3 - 6x2 + 9x + 15, the function isincreasing in the interval:
A) (-, 0) B)(0,2) C)(2,) D) (0, 1)

Q3. If the normal to the curvey = x2 at a point (a, &) passes through the origin, then ais:
A)0B)1 C)-1 D)1

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 curvey = x2 + 7x + 10 at which the tangent is horizontal .

Q6. Show that the function f(x) = 3x* - 4x3 + 6 is increasing in (—oo, 0) U (1, o).

Q7. A spherical balloon is being inflated so that its volume increases at arate of 100 cm?/sec. Find the
rate of increase of its radius when radiusis 5 cm.

Part C: Long Answer Type Questions

Q8. Find the maximum and minimum values of the function f(x) = x3 - 6x2 + 9x + 1 on theinterval [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 areais 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* - 4x3 + 10 haslocal minima at:

Find critical points and classify them using the second derivative test.

123 |Page



Q13. (CBSE 2023) If the slope of the tangent to the curvey = ax2 + bx + c at the point (1, 2) is 5, find the
vaueof aandbgivena+b+c=2.

Q14. (CBSE 2024) A window isin the shape of arectangle surmounted by a semicircular opening. The
perimeter of the window is 10 m. Find the dimensions for which the areais maximum.

Q15. (Model 2025) Show that the function f(x) = x/(x + 1) is increasing on (—1, ).

Q16. The volume of a cubeisincreasing at the rate of 9 cmd3/sec. How fast is the surface areaincreasing

when the edge is 3 cm?

Part E: Skill-Based Questions (Challenging)
Q17. Find the interval (s) in which the function f(x) = x/(x2 + 1) isincreasing or decreasing.
Q18. Find the minimum distance between the point (0, 0) and the curvey = x2 + 1.
Q19. Find two positive numbers whose product is 256 and whose sum is minimum.
Q20. A coneisbeing formed by folding a sector of acircle. Show that the cone of maximum volumeis

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)=

X X 2 2X 2X+1
@ 2% (52" loge? (c) ()2
2. Given fm dx is equal fo
(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
1.  Find [ crsins dx
. X
2. Find fm dx
3.
4 Find f sin'zx—coszx
SINnX COSX
5. Find fx2+16 dx
. cos 2x+2 sin?x
6. Find fT dx
7.  Find [ sec’
Vtan?x+4
8. Find [ V1 —sin2x dx
9 Find f (x%+sin?x)sec?x dx
’ 1+x2
10. Find [ e* = _1)3 dx
11.  Find [ sin~*(2x)dx
12.  Find [ = 375X 4x
13.  Find [ w dx
1-tan®x
14.  Find [ sinleog(Gcos x) dx
. sin®x+ cos®x
15. Find f sinZx.cos?x
LONG ANSWER TYPE QUESTIONS
I Find [ —Z——dx
. 1-tan?x
2. Find f 1+tan2x
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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 1 dx . 1
J.0 1+x2 S

(@0 (b) m/4 (c)m/12 (d)m/6

5 f_llx” + x’! dx is 1

()1 (b)0 ()2 (d) 4

Problemsfor Practice
All the questions carry 3 marks

1 sinx

1 Evaluate|

0 11+sinx
2 Evaluate [ cot™ (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 11 [ f(x)dx=2[" f(x)dx if f(x)=f(2aX)

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 = x3 and the lines
x=0,y=1,y=8is
@ 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=4is
() 52/3 sg. units (b) 54/3 sg. units
(c) 56/3 sg. 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 sg units (b) 4/3sg units (c) 3/3 sq units(d) 2/3 sq units
5. The Area of region bounded by curvey=x andy = x® is
(8)1/2 squnits (b) 1/4 squnits(c) 9/2 sg units (d) 9/4 sq units
6. The areaenclosed 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 parabolay = x2andy = x| is
@ 3 (b)1/2 (013 (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=m/2 and the x-axis.
10. Find the area enclosed between curvesy = 4x — x?, 0 < x < 4, x-axis
11. Find the area {(x y): X+ y? <1< X+ y} { (x,y): X2+ y%< 1< x+y}
12. Find the area enclosed between y ? = 4ax and its latus rectum
13. Find the area bounded by the curvey = cos x between x =0 and x = 2n
14. Find the area of the region bounded by the curvez—z + z—z =1
15. Using the method of integration find the area bounded by the curve |x|+|y|=1
16. Find the area enclosed between curvesy =x 3 x=-2,x=1,y=0
17. Using integration find the area of theregion x? + y? = 4 and x = v/3y with x-
axisin 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.

.

_/‘_‘ v X
/’ ?Isi
A
*_4—‘ A
| \\/ v e

s it
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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) Areaof the shaded regioniis

19. .
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.

fix) = sinx
=~

(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.

130 | Page



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.

131 |Page



WORKSHEET

VECTOR ALGEBRA
1. If|a] = 8, |B| = 3 and |& X B| = 12 then the value of @.b IS
a) 124/3 by 12 ¢  -12 d) -124/3
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 @, b and & are mutually perpendicular unit vectors then the value of |2a + b + é|is
a) V5 b) V3 0 v2 d 6

4. For what value of p, is (i + j + k) p aunit vector ?

3 = b) +1 0 +: d)+V3
5. Which of the following vectorsis equaly inclined to axes

a i+j+k by i-j+k o i-j—k d -i+j-k
6. Show that the vectors 2i—j+K, i—3j~5k and 3i—4j—4Ik form the sides of aright-angled triangle.
7.1fd=21—j+kb=1+j—2kand & =1+ 3j —k, find 2 such that d is perpendicular to Ab + ¢ .
8. Find a unit vector perpendicular tobotha=3i +2j + 2k and b =i + 2] + 3k.

9. Find the value of A for which the two vectors 21 — j + 2k and 31 + Aj + k are perpendicular.

10.If |d| = 2, I;| = 3 and d.b = 4 then find the value of |[d — E|

11. If the sum of two unit vectorsis aunit vector , prove that the magnitude of their differenceis V3 .

12. Letdand b betwo vectors such that |d@| =3 and |b| :g and @ xb isaunit vector. Then what is the
angle between @ and b ?
13.1fd=t+j+kandb = j—k, findavectorésuchthatd x ¢ = b and d.¢ = 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 X1 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

11
1. Ifthe direction cosines of a line are (— = 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:

x4—3’_+2 z-5 ﬂ—_z—ﬁ
@Zt=22o2 Iy

x—4 _y+2 _z-5 x_+4 y-2 _z+5
(© 1 3 2 (d) T3 7 2

3. If a line makes angles g,g and 6 with the positive x, y and z axes respectively, then 6 is
T ™ ™ V1
(a) < (b) + > (c) - only (d) 3 only

4. The acute angle between the line # = i + j + 2k + u(i — j) and the X-axis

2f nE ol o

5. The equation of aline 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

©x=t+3 , y=2t—1,z=1t+5

dx=t—-3 , y=2t—1,z= —-t+5

6. . Write the vector equation of the line whose Cartesian equationsis

+t3_y-5_2z+6
2 4 2

7. Find the points on the line x%z = 2o ? at adistance 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 Iinesf = yT_l =
% and xT_l = _13 = Z;—7 and perpendicular to these given lines.

2x+4 _ y+1 _ —2z+6

9. Find the point Q on the line—— === at adistance of 3v2 from the point P(1,2,3).

2 y-
10. . Find the coordinates of a point where the line % = yTS = ﬂ cuts YZ- plane.

11. The cartesian equations of alineare 3x +1=6y—-2=1-z. Fi nd the fixed point through which it passes
, its direction ratios and also its vector equation.

12. Show that thelines 7 = 31 + 2j — 4k + Al + 2] + 2k) and # =51 — 2j + u(3i + 2j + 6k) are
intersecting. Hence find their point of intersection.

13. Find the shortest distance of the following lines:

P=i+2f+k+20—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)

P

A1 D F
a) Find the the direction cosines of AB .
b) Write cartesian equation of the diagonal 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.

Two such wires lie along the lines llz% = 7y;14 = ?
7-7x y-5 6—z
ly: =—=—
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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WORKSHEET LINEAR PROGRAMMING
MCQs MARKS

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

a) Origin

b) Boundary line 1
¢) Corner points of the feasible region

d) Centre of feasible region

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

M {0, 80)

a) 50
b) 110 Loso)
c) 120
d) 170

»X

E@00) AGOT

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

a) Additiona equations

b) Non-negative constraints 1
¢) Inverse conditions

d) Elimination rules

If the feasible region of alinear 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) 1t 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 congtraints: 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 2
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N~ oo o~ W N P

Maximize : P = 40x + 50y, Subject to the constraints
3x+y<9
x+2y<8
andx>0,y>0

ANSWERS
¢) 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).

Pismaximumat x =2 andy = 3 and maximum vaue of Pis 230
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10

PROBABILITY WORKSHEET
MCQs

A committee of 3 isformed from 3 boys and 2 girls. What is the probability that the committee
includes at least one girl?

(A) 910 (B) 4/5 (©35 (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 (©)o4 (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 aretrue, and R isthe correct explanation of A.
(B) Both A and R are true, but R is not the correct explanation of A.
(C) Alistrue, but Risfase.

(D) A isfadse, but Ristrue.

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 dieisthrown three times. Events A and B are defined as below:
A : 4 onthethird throw

B : 6 onthefirst 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 reportsthat it isasix. Find
the probability that it isactually asix.

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 startsfirst.

ANSWERS
9
(A) 3

(A) 0.2

Marks
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10

(B) Independent
(A)
(A)

m Nlw ok

= ol w
,_;|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 to 18 are multiple choice questions (MCQs) of 1 mark each.

QL =1 F
IfA=|0 1 0|, then Alis
() 0 1
-1 0 o] 1 0 0]
(A) ] —1 (1 (B) 0 -1 il
0 0 -1 0 0 -1
-1 0 0 -1 0 0
(C) 0 =1 0 (D) 0 1 0
| ] 0 1 | [ 0 l_
Ans -1 0 0]
(D) 0 1 0 1
0 0 1]
Q.E- —5 ﬂ- ‘- Y — & .'.. oy |
If vector a =31 + 2) — k and vector b =1 —j + k., then which of the
following is correct ?
—* —¥ —¥ —
{(A) al|lb By a L1lb
* L] * *
() | b |>]a | D lal=]b|
Ans H -}
(B) a Lb '
Q3. 1
|x ;
I — dx, x# 0 1is equal to
_1 g
(A) =1 (B) 0O
€) 1 D) 2
Ans | (B) 0O 1
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Which of the following 1s not a homogeneous function of x and y 7

(A) y2—axy (B) x-3v
(C) sin* Yy (D) tanx—secy
r X

Ans (1)) tanx—secy :
Q5. Iffixi=| x| + | x—1 |, then which of the following is correct ?

{A) fix) 15 both eontinuous and differentiable, at x=0and x= 1.

(B) fi{x) is differentiable but not continuous, at x=0andx =1,

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

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

- (C) f(x)1s continuous but not differentiable, at x =0 and x = 1. !
If A 18 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 (D) 512
Ans | (B) 64 :
Q7. : i -
If E and F are two independent events such that P(E) = 3’ P(F) = —, then
", I
P(E/F) is equal to :
1 1
(A} y (B) 5
2 ¥
)y — 3) B
(C) 3 (1) 5
9

Ans L] = 1
C) -=
( 3

08, The absolute maximum value of function f(x) = 2* - 3x+ 21in [0, 2] is :
(A} O B 2
(C) 4 (n 5

A |

s ©) 4
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08, 1 -2 —1] [—2
letA=| 0O 4 -1 l. B=|-5| C=[987], which of the lollowing s

-3 2 1] ]
defined ?
(A) Only AB (B) Only AC
{C) Only BA (D) All AB, AC and BA
Ans | (A) Only AB 1
1
Q10. 9 1
If J- — dx=k -2* +C, then k is equal to
o2
(A) _— (B) —log 2
log 2 =
(Cy -1 M) 1
' 2
Ans =1 1
(A)
log 2
11. i ; .. » u - -3
2 1Fa}+|:;+c}=ﬂ,|a}l=u'r3_?,ih|=3and|c|=4,thenungle
between ‘t; and L‘} 15
t -1
Ay — B -
() 5 (B) i
b n
) = m —
() ; (D) ;
Ans 1T
(C) = :
3

Q12. | The integrating factor of differential equation (x + 2y 3—‘¥ = 2y i3
x

¥
4

(A) e (B)

I
Jy
1 -+

(C) (1) n:'_*'

(S]]

e
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013.

T 0 x
IHA=|0 7 0] isa scalar matrix, then v* is equal to
0 0 v

(A) D By 1
(Cy 7 Dy =7

Ans

(B) 1

0Q14.

The corner points of the feazible region in graphical representation of a
L.P.P. are (2, 72), (15, 200 and (40, 15). If 4 = 18x + 9y be the objective
funetion, 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 '
(A) (A+Byl=B"1+A4A" (B) (ABy!=DB"1a"1
(C) adj(A)=]A| A M 1Al =]A1

Ans

(A (A+B)yl=B1+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 ?
(A) It wall only have a maximum value,

(B It will only have a minimum value.

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

(1 1t 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
r-axis is given by

]
a

Ans
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Q18. The graph of a trigonometrie function is as shown. Which of the following
will represent graph of its inverse ?
b

AL L

(A} (B

Ans ( "
(C) . 1

Assertion — Reason Based Questions
Direction : Question numbers 19 and 20 are Assertion (A) and Reason
(R) based questions carrying 1 mark ecach. 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) 1s not the
correct explanation of the Assertion (A).
(C) Assertion (A) 1s true, but Reason (R) 1s false.
(D)  Assertion (A) 1s false, but Reason (R) 1s true.

Q19. | Assertion (A) : Let Z be the set of integers. A function {: £ = Z defined
as f{x) = 3x -5, ¥x € Z i5 a bijective,

Reason (R) : A function is a bijective if it is both surjective and
injective.

Ans | (D} Assertion (A) is false. but Reason (R) is true. 1
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Q20.

[511' H,

=
Assertion (A) : tx) = 1 ok e

)
5

. . _ 5
15 continuous at x=5fork = —.

Reason (R)

: For a function f to be continuous at x = a,

_t'EP.J f(x) = _f“_'ﬂ,u f(x) = f(a).

Ans

(DY Assertion (A) 1s false, but Reason (R) 1s true.

SECTIOMN B

This section comprises very short answer (V5A) type questions of 2 marks each.

Q21.

(a) Differentiate 295" % w .t cos® x.
OR

) et o2 +v9 = a2 then find 2%
X

Ans(a)

L T du [ 4 X
Let g= 2" :}E =2 {—meﬁn x}lngE

dv
Let v=cos® x:}a=— 2cos xsin x

[r.fu
du \ dx

st ¥
Now—= =2 log 2
e [r.fv] %

dx

Y

OR

Ans(b)

tan™ {f + y‘}=aI:}f + ¥ =tana’
Differentiatebothsides wri x,

2x+ Eyj{ﬂl

dv  «x

===

dx ¥
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Q22

= %]

Evaluate ; tan! [2 sin [E COs

Ans
3
tan"'l:zsin[zcm*" %]:l
=tan"' Eﬂn[zxfﬂﬂm‘l"[zﬂni] 1
I 6 3
=1 \E =1 F
=lan |Z2x-— |=tan x.l'E=-— 1
2 3
23, - . y S A A
I'he diagonals of a parallelogram are given by a = 21 — j + k and
—p A A A
b =i +3; — k. Find the area of the parallelogram.
Ans : } i,
axb=2 -1 1|=—2i+3j+7k 1
1 3 -1
1. -
Areaof parallelogram =E|a:-: b|
1 62
=—J{—z}’+3‘+?‘=—— !
2 2
024. : : : y . N T NN
Find the intervals in which function f{x) = 5x% — 3x2 is (1) increasing (ii)
decreasing.
Ans

F(x)=5x" =35 = £ (x)="Vx(1-%)

For increasing /decreasing, put £ x)=0

= x=0,1

({) When IE[“,I] . F'( x)20.S0, fisincreasing when xe [ﬂ,l]
(Theintervals(0,1),[0,1)or (0,1]canalsobeconsidered.)

(i) Wlmnxr:[l,m}. f'( x)<0.So, fisdecreasing when xe [l,m]
(Theinterval (1,c0)canalsobeconsidered.)
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Q23. [(a) Two friends while flving kites from different locations, find the
strings of their kites crossing each other. The strings can be
] .3 Y 4 -k s A M
represented by vectors a = 31 + j + 2k and b = 21 - 2§ + 4k.
Determine the angle formed between the kite strings. Assume there
is no slack in the strings.
OR
{b) Find a vector of magnitude 21 units in the direction opposite to that
—3
of AB where A and B are the points A(2, 1, 3) and B(8, -1, 0)
respectively.
Ans(a) | Let the required angle between the kite strings be 8.
a.b
Then,cos8 =——
al|B)
(3i+j+ z&](zi-zh »li:] 2 3
= g P== —-— - 1%
JO+1+4Ja+4+16 V336 421
k: 12 E 3
=@=c08" | == |Orcos” | = b
4 336 "J.EI.
OR
Ans(b) | BA=_67+2]+3k 1
Required unit vector of magnitude21
—71x —ﬁ:+32r+3k TS
J36+44+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 the triangle ,so Iﬂtllr=.':'.t:tnfs v
3
Now areaof anequilateral triangle, A= =
dA qﬁa da
d 2 " dt s
dA dx15 4543
B i =J_ x3=icm’fs 1
dr A=15cm E 3
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Solve the following linear programming problem graphically :
Maximise Z = x + 2y
Subject to the constraints :

x—yvz0
x—-2yz2-2
x20,vz20
Ans ¥-axis
Far
et
graph
and
shaifing
1%
Corner Point | Value of Z=x+2y ;
ar
Carrect
0(0,0) 0 table
A(2,2) 6 !
Since feasible region is unbounded. Plot x + 2y > 6 which has common region
with feasible reglon, thus £ has no maximum value, “
A X +s5inx
™ | (@ Find: j
l+cosx
OR
4
4 [L'.:
(b) Evaluate : I . m—
0 cos”x /2 sin 2x
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Ansia)

OR

Ans(b)

il dx
'[ cos® x/2sin2x
17 dx
"2 '[ cos® x+/tan x
_1 ']"."{Jl+tm’n"‘J|r}s|r.h|:‘t X
2 . Jlanx
Put tan x=f=>sec” xdx=df

1t14+ 7
== ——df
EIJF

11 )
=_{| —=+7" |dt
3'!-[#'?+ J
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1 M i Lo
(a) Verify that lines given by r =(1 - &)1 + (L - 2)j + (3 — 2i)k and
¥ ! M, A,
r =+ 11 +2u—-1)j —(2u + 1)k are skew lines. Hence, find
shortest distance between the lines,
OR
(b} During a cricket match, the position of the bowler, the wicket keeper
* M &
and the leg shp helder are mm a line given by B = 21 + 85,
i i oy —3 A .
W =6i +12j and F =121 + 18 respectively. Calculate the ratio
in which the wicketkeeper divides the line segment joining the
bowler and the leg slip fielder.
Ans{a) | Rewriting the lines, we get
ﬁ=(}-zj+ 3§)+..1‘.|:—.?+:r'— ﬂ'} and ﬁ=(i—j—i’}+p(?+2}—2kﬁ) Y
Letd, =i-2j+3k, 4,=1— f—k b=—1i+]-2k, by=i+2]-2k
Note that the dr'sof given lines are not proportional so, they are not paralle] lines.
The lines will be skew if they do not intersect each other also.
i j k
Hered, —4,= j— 4k, bxh=—1 1 -2=2i—4j-3k Ye + ¥
1 2 -2
Consider(, -4, ).(b x )
=(j-ak).(2i - 4j - 3k)=820
Hence lines will not intersect. So the lines are skew. Iy
| i —a ). EI xﬁl |
Shortest Distance= G _‘] [_ )
b, x|
B 8 _ 8 ;
Ji+16+9 429
OR
Ans(b) | Let the wicket keeper divides the line segment in ratio k: 1
. kF+1.B 1
W= kel Bil 8,0 ) Wi, 120} FIIL18,0)
s ~ [12k+2)~ [1Bk+8]-
=6i+12 = i+ 1
j[l:+1] [k-:-l)“'lr
= k= A
3
Hence, the required ratio is2: 3 1
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(a)

The probability distribution for the number of students being absent
in a clazs on a Saturday is as follows :

| X 0 2 1 5
PO | p | 2p | 3p | p

Where X 18 the number of students absent,

{i) Calculate p. 1
{ii) Calculate the mean of the number of absent studentz on
Saturday. 2
OR
(by For the vacancy advertised in the newspaper, 3000 candidates
submitted their applications. 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
gething a distinetion in wntten test 1s 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.
Ansa) | ({)}Sinced P( X)=1= p+ 2p+3 p+p=1 e
1
= p=— 15
P 7
(#)Mean=3" X.P(X)=0( p)+2(2p)+4(3p)+5(p) 1
1
=21 p= El[—]= 3 1
7
OR
Ans(b) | LetE :Theapplicantisamale
E, :Theapplicant isafemale “
A:The candidate chosen will have distinction in the written test.
1 2
P(E )= E,Pq':EE]=E,P{.a!q E,)=04,P( A| E,)=0.35 1
s P(A)=P(E)P(A|E)+ P(E)P(A|E)
1 2
=—x0.44+—-=0.35 1
3 3
_11
30 %
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Qi3l. | Sketch the graph of y = | x + 3 | and find the area of the region enclosed
by the curve, r-axis, between x = —6 and x = 0, using integration.
Ans ::Erh:l.
praph:
1 mark
Required Area
[ ]
La
= _[ yidx
-6
L]
= EI{I+ 3:|ﬂ'.-l' 1%
w3
L ]
[(,ﬁ ﬂ
=2 La
2
]
=19 La
SECTION D
This section comprises long answer (LA) type questions of 5 marks each.
Q32 ; -
(a) I u'r! —x® + Jl —y® =a(x—y), then prove that L 5& ;
dx §1-—x°
OR
( 0 . %y :
(b) Ifx=a|cosb+log tan—-wt and y = zin 8, then find d—':’- atf= =,
\ 2) dx? 4
Ans(a) | Let x=sin A, y=sin B = A=sin"' x, B=sin" y 1
sl1- A +.H|rl— ¥ =a(x-y)
=»cos A+ cos B:al:si.n A—sin B]
Zp A+ B A-E 5 A+B), K (A-B 1
cos cos| —— |= 2acos sin
. 2 2 2
::-mt['q; B]:a:}.&— B=2cot™ a 1
=sin™' x—sin™' y=2cot™"' a Lo
differentiate bothsides wrt x,
1 1 dy o 1%
Vi-¥ iy dx
dy [1-y
de Y1- ¥
OR
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Ans(b
L .r=a[cmﬂ+hgta.n%}
= —=a| —sind+ 3 :u:!:ua:‘.i-—:u:l g
& 2
fan
2
[ A 1} 1-sin’ @
=a| —sinf+—— |=a I
sind sin &
dx
— = acol & cos &
0 acold cos Iy
o dy _
Ahu._p-shﬂ::-ﬁ-cmﬂ m
. dy_tand 1
“dy a
Differetiating wrt x,
dy_seco do
a dx
_sec Gtand 1
= =
L] - 1
). .~ d

Q33. | Find the absolute maximum and absolute minimum of

function f{x) = 2x* — 1522 + 36x + 1 on [1, 3].

Ans Fx)=2x"-15x"+ 361+ 1
= F(x}=a(f-5x+ﬁ]=a(x-z}(x- 3) 1
f(x)=0=>x=2,3¢[1,5] \
Now f{1)=24, f(2)=29, f(3)=28, 1(5)=56 2
Hence, theabsolute maximum value is 56 and the absolute minimum value is 24. 1

Q- (@) Find the image A' of the point A(1, 6, 3) in the line %__ F;1 = H; 2 _

Also, find the equation of the line joining A and A',

OR

X+0 ¥y+d #-
e

from point Q(2, 4, —1) is 7 umts. Also, find the equation of line joining

P and Q.

{(b) Find a point P on the line such that its distance
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Ans(a 3 2 il
@ Theequatinnufghenilnelsf:‘:r?l:z—ﬂz:ﬂ,
Any arbitrary point on the line is M(4,24+1,31+2) . 1
dr'sof AMare<A -1.24-5,34-1>
Herel(A-1}+2(24-5)+3(31-1)=0 i 1
=i=1 La
- 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 A'(a, #.¥)
Since M is the mid-point of A4',s0 M[ lzﬁ,ﬁzﬁ, 3 ; J’]= M(1,3,5) 1
= A'(1,0.7)is the image of A. 1
Also, Equationof AA'is eSO 1
1] -3 2
OR
Ans(b 5 =
| The gventine s =15 P22 =20k and Q(2,4-1)
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)" +(~94+7) =7 1
=98(4*-24+1)=0=4=1 i
Hence, the required point is P{—-l,l,—.'i] i
g , ¥+4 y-1 2z2+3 -2 y—-1 z+1
The equation of line P sty bl
equation of line PO is e 3 > or G 3 > 1
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 elub should be 20 more than half

the number of students in Sports club.

. The total number of students to be allocated in all three elubs 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.y=§+ 20, x+ y+ z=180

= x—-y—-i=0,x-2y=—40,x+ y+ z=180

Givenequations can be writtenas AX = B

1 -1 -1

X

where, A=[1 -2 0 |, B=|-40),X=|y

1 1 1
(Al=—4#0=> A" exists.

2 0 =2
adjd==1 2 =1
3 =2 -1

1 1

wadfd=—{ 1 =2

A=
| A 4

X=A"B
2 o 2|[ o

t-: 1 -2 1||-g0{=|6s

=3 2 1][180
S x=90, y=65,2=25

180

¥

Number of stndents allocated in sports, music and drama are

90, 65 and 25 respectively .

1%

SECTION E

This section comprises 3 case study-based questions of 4 marks each.

Q36.

i

e

Let the length of the side perpendicular to the partition be x metres and

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,

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 funetion of x, 1
{11i) (a) Find the critical points of the area function. Use second
derivative test to determine critical points at the maximum
area. Also, find the maximum area. 2
OR
{iii) (b) Using first derivative test, caleulate the maximum area the
company can encloze with the 300 metres of boundary material,
considering the parallel partition, 2
Ans | (f)2x+3y=300 1
{ﬁ}A:q:%{m-n} 1
(iif)(a) A= > (300-2x)= I{Mﬂx-zf]
3 3
dd 1
= ——=—(300-4x) b
dy 3
A %
For critical points, put = =0=2 x=75
d* A 4
Also, ==—<0, 50, Aismaximumat x=75 "
dx* 3
ia 2 L5
Also,maximumareais A= ?{;mu- 150) =3750m
OR
(i) (b) A= (300- z;.-}:l (300x-2x)
3 3
dd 1
= —=—30-1x
o=l ) e
dA
For critical points, put i =0=> x=75 Ya
dA
Asaﬂlmges its sign from positive to negative as x passes through "
x =75 from left to right, whichmeans x=75is the point of maximum.
Also, maximumarealis A= %(m- 150) =3750m* Ya
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 theset A=11, 2, 3} :

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

R, = 1(1,2), (1, 9), (3, 2)

R, =1(1, 2} (2, 1), (1, 1)}

R, =101, 1} (1, 2), (3, 3), (2, 2)}

R.=1{(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.

(1) Identify the relation which is reflexive and symmetric but not
transitive.

(111) (a) ldentify the relations which are symmetric but neither reflexive
nor transitive,

OR
(i1i} (b) What pairs should be added to the relation R, to make it an

eguivalence relation ?

()R, L

(#) R, 1

(di)(a) R and B, 141
OR

( 4f)( b)Requiredpairs tobeadded tomake the relation B, asanequivalencerelation are:

(1,1).(2.2).(3,3).(2.1),(2.1) 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 is 5%, 3% and 1% respectively.

Based on the above information, answer the following :

{iy  What is the probability that a customer after availing the loan will
default on the loan repayment ? 2

(it} 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 7 2

157 |Page



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. Mo, EXPECTED ANSWER / VALUE POINTS Marks
SECTION-A
This section comprises multiple choice questions {(MOOs) of 1 mark each.
The projection vector of vector a on vector b is
- a-b a b
& - 2 a-b
(A) [ 5 ,*]h 1
Ib|~ I b
> TF 3 T
a-b a-b ¢
o e (D) [ - _?,]h
lal W al*
Ans (A (‘T—h_J b |
|&|
2. The funetion f{x) = 2* — 4x + 6 is increasing in the interval
(A) (0, 2) (B) (==, 2|
(C) |1, 2] (1) [2, =)
Ans (D) [2,02) 1
3. 28
If f{2a — x) = f{x), then ]ﬂﬂ.t]l dx is
[}
Za a
(A) ] t‘[ﬁ] dac (B) fﬂx} dux
0 0
(4] n
© 2| o de @ 2| fex) dx
Ans (D)2 [ f(x)dx 1
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3 "1 12 4y]
' IfA=|6x 5 2Zx|isasyvmmetric matrix, then (2x + v) i1s
Bx 4 6|
{A) -8 (By O
{C) 6 (m 8
Ans R |
If v =sin"'x, =1 = £ = 0, then the range of v is
= £ b -
(A) 1—“.{:'] (B) [ 1.u}
2 2
=1 =T
(C) [— n] (D [ 0
™5 ) 12
Ans (B I—E.Ui |
If a ling makes angles of :l—:[.ll;.-md i with the positive directions of x, v
6. amd Zoaxis respectively, then 0 is
Aj 8 only B Zonly
{ o 00y L13] 5 o
g X D) +=
= i I: b
Ans Mo option 15 correct. Full marks may be awarded for attempting the guestion. 1
If E and F are two events such that P{E) > 0 and P(F) # 1, then P(E/F)is
.
; T B
w 2 (B) 1- PEM
PK)
- ) _::_I 3
() 1=PEF) 1 Y L
I
Ans e i |
"D.:I BiEy
Which of the following can be both a svmmetric and shew-svmmetric
matrix 7
E. (&) Unit Matrix (B} Diaponal Matrix
(C) Null Matrix (D Row Matrix
Ans () Null Mateix i
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The equmtion of a line parallel to the veetor CHE _T + 2k and passing
g through the point (4, =3, 7115
(A) r=di+3 y==3i+1l,z=Ti+2
B}y s=dt+hv=t+da=B4+7
C) x=3t+d y=t=3 s=2t+7
(I s=H+d,v==t+F za=2t+7
Ans Clx=3t+4y=t—-3,z=2t+7 1
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« Be Tand A~ « B,
Their answers are given as
Abhay : 6 AB
Bina : TAB=BA
Chhayi: 8 AB
Devesh : 7 BA= AR
Who answered it correctly ?
{Al  Abhay (B} Bina
() Chhaya (D} Devesh
Ans {B) Bina |
A cylindrical tank of radius 10 cm s being filled with sugar at the rate of
1 100 = em e, Thie rete. ot which the hieight of the sugiar inside the Lank is
’ IR, 1K
(A1 L] emds (B 056 emids
() 1 emfs (M 1.1 em's
Ans (C) 1 ey |
Let poand g be two unit vectors and @ be the angle between them. Then
12. {p + ¢) will be a unit vector for what value of o ?
@ = By =
F 4 3
n an
Q) = m =
2 3
Ans il
(D) 3 l
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The linex =1 + Hp, v = =5 + p, &£ = =0 =3p passes throuwgh which of the
13 following point ?
Ay (1. =5, 8) (B (1.5 6)
(0 (1.=5, =) (D (=1,=5,6)
Ans (Cril, -5, -6) l
Il A denotes the get of continuous functions and B denotes set of
14 differentinble functions, then which of the following depicts the corpeet
: relation between set Aand B7
(A) @ii 1) @.-x
o ([T » 06
ANS
@‘I\ I
(B)
The avea of the shaded region (fGgure) vepresented by the ourves
15 V=17, 0=x< 2 and y-axis is given by
.21 2'|
() | o de @ | |y
0 0
] .
© |+*de m | Jrdy
:: -ﬂ
.1 r—
Ang (D) -ju Jydy |
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A factory produees two products X and Y. The profit carned by selling X
and Y iz represented by the objective function Z = 5x + Ty, where x and y

L6. aré the number of units of X and Y respectively sold. Which of the
fallowing statement is correet ?
(A} The objective function maxumizes the difference of the profit earnied
from products X and Y,
(B} The objeetive function measures the total production of products X
and Y.
() The objective function maximizes the combined profit earned from
selling X and ¥,
(0 The objective [unction ensures the company produces more of
product X than preduct Y.
Ans () The objective functicn maximizes the combimed profit earned from selling X and Y 1
IF A and B are square matrees of order m such that A® = B* = (A = B) (A + B),
17. then which of the following 15 always correct ?
Ay A=B (B} AB=BA
i) A=DorB=10 i A=lorB=]
Ans (B1AB - BA |
Il p amd g are regpectively the order and degree of the differential equation
yoaon
I%. t;-—:_i::—lj =), then (p=q) 13
{A) D (B 1
ey 2 Im 3
Ans (B 1 1

&uestions number 19 and 20 are Assertion and Reason based questions. Two
statements are given, one labelled Assertion (A) and the other labelled Reason
(). Select the correct answer from the codes (A), (B), (C) and (I} as given below,

(A)  Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A

iBY Both As=ertion (A) and Beason (RB) are true, but Beason (B) is nof
the correct explanation of the Assertion (A),

() Assertion (A) is true, but Reason (R) is false.

i Assertion (A) 13 false, bul Heason (R) 13 true.
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Assertion (A) ¢ A=ding |3 5 2] iz a scalar matrix of order 3 = 3,
19. Reason (R) : If a diagonal matrix has all non-zero elements equal, it
iz known az o sealar matrix,
Ans (D) Assertion (A) 15 Talse and Reason (R) 15 true. |
Assertion (A) ¢ Every point of the [easible vegion of a  Linear
0 Programming Problem s an optimal solution,
Reason (R) : The optimal solution for a Lanear Programming Problem
exista only at ene or more corner point(s) of the feamble
regIm,
Ans (D) Asseriion (A) s Talse and Beason (R 18 true. 1

SECTION-B

This secticn comprises 5 Very Short Answer (WVESA) 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

. — e : ’
(b) If @ and [} are position vectors of two points P and Q respectively,

then find the position vector of a point R in QP produced such that

=8
QR = —QP.

21 {a) Ans

Let ¢ be the angle which the vector 3 makes with all the three axes.

Then 3cos a = 1

1
= C0S0 = —=
V3

The unit vector along the vector d :—]{I + i+ .E}

d=5(i+j+k)

I
'3

OR
AbyAns | F_— T JiR
R(x) P(a) Qip)
Ak .4
QP 2
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Hence. K divides PO}, externally, in the ratio 1:3.

" . .  [-1F IE-F
The Position vector of B = ¥ = !l—; = T'r

22

i
Evaluate : I J1+8in2x dx
0

Ans

]
Given definite integral E J (sinx + cosx)*dx
I

aq
= j {sinx + cosx)dx
L'.

13
= [—cosx + sinx];

Find the values of *a’ for whach {x) = sin x=ax + b 12 inereasing on K.

Ans

I'(x)=cosx—a

For fix) to be increasing, f'{x) = 0
[.e.,cosx = d

Since, —1 = cosx = 1

= a= —1

Hence, a € (—oa, —1]. (Also, accept a € (—=o,—1))

L ’ §
If o and b are two non-collinear vectors, then find x, such that a = (x = 2)

a+ boand [ =03+ 2 8 - 2h are collinear,

Ans

d and ff are collinear
pe—i 1

= =—
3+2x -2
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= ¥ = 5
25
1.
ooy dvy x-v
(a) Ifx= e’ , then prove that — = _—,
x xlogx
OR
) 2x—-3 ,-3sxs-2
(b)y If f(x)= [
] x+1 ,-2<x<0
Check the differentiability of f(x) at x = -2.
25 {a) s E‘%
Ans ¥
= logx = —
g ¥
=ylogx==x 14
Differenbating both sides worto x, we get
dy I
Z +logx—=1
0gx —
By _E=) .
dx  xlogx A
R
25 “ﬂ Lir.l{_z:] = !I!-m l“«’-I—-'l].-n'T—-f} |:|I'i = ﬂ-]
h— —h
An:
i L H=2—W—3—{-T)
= lim
) —h
=iim2=2 l
s
Rf'f-gj:lf[njw (h=0)
A==

= (i
|

—-2+h+1—(-T7)

h

oo BEh ; ;
= [im—. which does not exisi, i.e., RHD does not exisi.

fi—(
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Therefore, the function 15 not differentiable at -2,

Mote: (1) [T a student finds only RHD and concludes the result, full marks may be awarded.

(21 If a student proves that the function 15 discontinwous 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 ?& = given v(1) ==2,

OR
(b) Solve the following differential equation :

o dv .
(1+ 1"3]-?1- + 2xy = 42°,
x

26(a)

AnS

Criven differental equation can be writlen as
:;_L dy = fd.::
= j"[:1 —ﬁ]ldy =2 J'%a'x
= y—3logjy + 3| = 2log|x| +C
Yo whenx=1=0=-2
Hence, the required partcular solution is
=y — 3logly + 3| = 2log|x| -2

OR

| R

26ib)
Ans

Ciiven differential equation can be written as

dy . Ix 4t oM AT
—= 4+ —— ¥ = —— , which is linear in y.
dx 1+x 1+x*°

I d 3
[LF. E‘JII12 X o I:,n!r.lgl"l.i-.t r= 14 xi

The solution 15 given by

¥(1+x%) =J-4.r'*dx

: 4 .
= y(1 +x1}=EI"+C

4x1 L ; ; ;
ar ¥ = - = —, which is the required general solution
A 1+x4) {1+x+)
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7.

Let It be a velation defined over N, where N iz get of natural numbers,
defined as “mKn if and only i m s a muoltiple of 1, m, n 2 N." Find
whother B is reflexive, symmetrie and transitive or not,

Ans

Let x € N. Then we know that x 15 a multiple of mself.
= xRx
Hence, B is reflexive.

We have 2, B € N such that 8 is a multiple of 2
= gR2

But. 2 1= not a muliiple of 8. Hence, 2 is not R-related w0 8.
Therefore, B 18 not symmetnc.
Let x, v, 2 € N such that xRy, yRz
Then x = my, ¥ = Nz for some m, it € N
= ¥ = mnI = x = pg, where p = mn € i. Hence, xRz

Therefore, R is transitive.

2E.

Solve the following linear programming problem graphically :

Minimise £ = x = 5y
subject to the constraints :
x=yz0
-x+2y22
rzd veEd, vzl
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Ans
Correct
graph
and
shading
1%
Corner point Value of Z = x — Sy I
A(3,2.5) 9.5
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. ra
’ ] \'Z
(a) Ify=log 'J;' J , then show that x(x + 1)y, + (x + 1)’ y, = 2.
29 S )
OR
(b) If.r‘fl +y+yfl1+x=0,-1<x<1,x#y, then prove that §= ol =
dr  (1+x)°
29(a) The given function can be written as
Ans y=2log(x+1)—logx
2 1 r—1
Y e e e e ra 1
x+1 x x(x+1)
+1 il
= T — _—
(x ¥ . %
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1
=(x+1)yv.+ ¥, =—
x

2

1
= x(x+ lfj.-'2 +x(x+ 1)y = 1+;

= x{x+ 1w +x(x+ 1y, =14+1—(x+ 1)y
= x{x+ 1w+ (x+ 1)y, =2 |
OR

2%b) xJ1+y+wl+x=0
Ans

=x/l+y=—pVl4+x

=22 (1+y) =y (1+x)

Il
=

= (x—yMx+y) +xlx - ¥)

= (r=ylx+y+x¥)=0 1

¥x#+y=x+y+ay=10
—X
1+x

=?-}-'=

o
Ui

dy -1
==
dx (1+x)*

{a) A die with number 1 to 6 is biased such that P(2) = E'—:]fmd probability of
0
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=, v: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 exclusive.

3{a) 3 3 7
@ F(2) = o P{any other number) = 1 — 0= 10

Let X represent the Random Variable “the number of 2757,

-
T

Ans

Then X =0, I, 2

o
Ui
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The probability distnibution is
X P XPX)
i 7 7 49 0
—_—— e —
10 10 100
1 3 7 2 42 42 1%
P d o s el L
10 10 % 100 1000
2 3 3 9 18
10 70~ 100 100
Mean = X XP{X) = — = 0.6 ¥
R
b 4= {{3.5}.(4,5}, {5.4). (6,3)
Ans I R o I
: P{A) 34 ;P L) = 3 A
PIANE) = R
36 12 '
5
PlA) KF‘I.'EI':I=E=F P{ANB) l
Therefore, A and B are not independent.
Aand B are not mutally exclusiveas AN B = @ e
. 5 | Xx+a
11 Find : l — — dv,
' X=d
A 1 x+a 1
s [ = ]’— dl’—!- ax +a | ————dx :
xyx?—a? % —a? xyxt—a®
fomr iy X
= N2l al e
_lng|}:+-,,.'}: a|+5|:|:' (a)+C 1+1
SECTION-I
This section comprises 4 Long Answer (LA) tvpe guestions of 5 marks each.
Uaing mtegeation, find the aren of the vegion bounded by the line
12 v =52+ &, the r=axiz and the ordinates x ==2 and x= 2.
Ans
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Correct
sketch
and
shading
7
] L] -E- = - 1 .
The required arca
L %
= f- (5x + 2)dx +!-zf5x+23d.r 1
__d .
P e
(Bx+2)°] (5x+2)°
=ll— +
|, 10 :
_ 64 i 144 104
10 10 5 1
x4 x4
; Find : J’ —— dv.
A3 (x +2)(x* +1)
Ans c4x+1 A +Hx+r: "
fx+ 20t +1) (x+2) =2+1 7
Getting A==,B==,C=1 1%
Given integral = = [ —dx + = [ ——dx + - [ —dx
= 5 I+x 5 -+l 5« '+l
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3 1 1
= Elngp: + 2| +Eiﬂg[x"—' +1) -:-Emn"x +C

{a) Find the shortest distance between the lines :
x+1 y-1 z-9

34 and
2 1 -3
=3 y+16 z-9
2 -7 5
OR
(b} Find the image A’ of the point A(2, 1, 2) in the line
I:7 =41+ 2]+ 2k + {(i—j —k). Also, find the equation of line
joining AA’, Find the foot of perpendicular from point A on the line [
3{a) The vector equations of the lines are
Ans F=—0+f+9%k+ 420+ j— 3k)

F =30 — 15/ + 9% + u(2i — 7] + 5k)
i, = —i+j+9k @, =3i—15] +9k
b, =2i+]—3k, b, =2i—7]+5k

d@; — @; = 4 — 16

O S R -
bixh,=|2 1 —3|=-16i—16j— 16k
2 -7 5

OR

(]
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3d{b
Ans

A2,1,32)

A (a, B, y)

Let the image of A in the line be A'(a, £,7)

The point P, which is the point of intersection of the hnes {and AA°, will have coordinates
(A+4,—4+ 2, -4+ 2) for some A

DrsofAPare < A+ 2, —A+1,—A>=
AP 1t
(A+2)—(=d+1)—(=4)}=10

2 1
= = —
3
Therefore. the coordinates of P are I:% %l;}
P is the mid-point of A4’
24a 11 1+ 7 24y 7
=1 e = e
2 35 2 i 2 3
16 . 11 8
= =, =, =
B R gy

. T 165 11 8
The coordinates of the image are (— iy _1}
= E

The equation of 44" is

Ay el R
-8 T 2

3 3 3

or,

3x—2) 3y—-1) 3(z-2)
5 & T 1

1%
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=1 1

1
(a) Given A=|-7 1 3 |amd B=|1 -2
2

=

15 -2, findd AB. Hence, salve
5 =3 =1 I 4 |
the svatem of linear equations ;
r=y+z=4
r—2y—Zz=9
2x+y+3z=1
OR
1 2 0|
(by ITA=|-2 -1 -2, then find A~
D =1 1 !
Hence, solve the system of linear equations :
r=2yv =10
2x—v—z=8
~Zy+z=7
35(a) g 0 0
AE=|0 & 0|=48 2
Ans 0o 0 B
The svstem of equations 15 equivalent to the matnx eguation:
4 X
Bl =C where C = |o| X = [}-‘] Vi
1 z
=X =F"C
AB = 8l
B 14"1 l
= = —
B
1 -4 4 4 1[4 24 3
A’=E—? 1 3|9 ==]—-16)=|—-2
5 =3 -1ll1 —B -1
x=3y=—-2i1=-1 1%
R
35(b) |4l =1+ 0 = A" exists. 1
Ans -3 —Z —4
adjd=|2 1 2
7 1 3 1%
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: -3 -2 —4
A= Eadia’i =| 2 1 72
' 2 1 3

The given system of equations 18 equivalent to the matrix equation

10 X
A'X =B, where B=|8 I K= [1.-']
7 z

=X=(A")1B
=X =(A"YE
-3 2 2|[10 0
= X=|-2 1 1||8 =|—5
-4 2 3ll7 —3!

sx=0y=-5z=-3

36,

SECTION-E
This section comprises 3 case stiudy based questions of 4 marks each
A sehool 15 organizing o debate competition with participants as gpeakers
S5=18, 8, 8, 8, and these are judged by judges J = 4, J.. ;). Each
speaker can be assipned one judge. Let R be a relation from set S to

defined as R = ix, ¥) : speaker x is judged by judge v, x e 8, v & J).
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Bosed an the above, answer the following :
{1l How many relations can be there fmom S o 7 1

) A sbudent identifies o function fmom 8 to 0 as 0= ({8, 1.0, (8, 4.0

(5, JEI. 1:"-'. dahl Chcke if it ia bdpoctive, i
i fay  How many onenns functions can be there from set 5 to setd Y 2
R

i) (b Another stwdent conasders o rélolion B = (5, 8,0, 5, 5,0 in
a0l B, Write minimum ordered paies to be included in R, so that

K, i redlexive bl Bot symmerrice 2

36 Ans (1) | The number of relations = 243 = 212 I
36 Ans (n) | Since, 5; and 54 have been assigned the same judge [, the funciion is not one-one.
Hence, it is not hijective. 1
A6 (i) {a) | There cannol exist any one-one funchion from S o Jas niS) = n( 1), Hence, the number of 2
one-opne functions from S to J s 0
OR
3a (i) (b) | To make Ry reflexive and not symmetric we need to add the following ordered pasrs:
(5050 652,520, (50,50, (55, 80) 2
Three persns Vi, Amber, Bone and Comel are manulacenog cams which
rum on petrod and on battery as well, Their production share in the market 15
B, 0%, sl 10% respectively, OF their respective production capacities,
37. 20%, 0% wivl 5% cars respectively are electie (or battery oporatcd)

Bivaestl oy Chwe sbove, soswer the Tollvwing
B

(it {a) What is the probakifity that a randomly eelected car iz an

electne cur T z
O

(ir (b What 15 the probabality that o rendomly selected cor s pelrol
car ? 2

(i) A ear iz =eleeted 8¢ random and is Gund 4o be eleetrie. What is the
prohahility that it was manufactured by Comet ? |

ity A car b= selected ot mandom and 15 found fo be electrie. What is the
probinhality that it was manufactured by Amber or Bonm ¥ 1
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3T} (a) Let A = Amber manufactures the car
Ans B = Bonz manufactures the car
C = Comet manufactures the car
E = The selected car 15 eleciric
P{A —Eﬂ FE—EH PC—ID
) =100 FPB) =155 PLC) = 150 i
P(E}Yy = P(A F(E)+F B P(Ej] PiC }fFE
(E) =PlA)x P~ (B) %P5 | +P(C) X P()
_EDHEH+3DHLD+ID 5
T 100 7 100 T 1007 100 100 i 100 |
155 31
T — ﬂrl ——
1000 200 i
R
71K by Ler A = Amber matufactures the car
Ans B = Bonzi manufactures the car
C = Comet manufactures the car
E = The selected car is a petrol cor
Pidl = i PR = Al Pl(E) = 30 L
“) =T’ =100 7 = Too g2
E E E
PIE}=P{d) = P {—) +P(EI= P (—:] + F(C) % P(=)
A B C
&0 80 30 an 10 a5
- W ¥+ ] + » |
100 100 100 100 100 100
B45 169 )
=— oF — L5
1000 200
A7) Ans

E
P{E} . P(C) % P(Z)

E P(E)
10 5
100 ™ T00

&0 20 30 10 10 _ 5§

100 * 7100 T 100~ T00 T 100 100
50
_ Toooo _ 1
1550 31
10000
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37(iii) ("““’B)__ —p( =g _L_3° 1
P E =P E) 1 n M
Ans
38.
A small town i3 analyzing the pattern of a new street light instaliation,
The lights are set up in such a way that the intensity of light at eny point
x matres from the start of the streer can be modelled by f(x) = e* 3in ¥,
where x i5 in metreg.
Based on the above, answer the followng :
(i) Find the intervals en which the £ is increasing or decreasing,
xe [0 x]. 2
(i) Verify, whether cach critical point when x = [0, =] ig 2 point of local
maximum or Jocal minimum or a point of inflexion. 2
{i) Ans [ (x) = e*(cosx + sinx)
For critical points. f'(x) =0
= cosx +sinx =0
= cosx = —sinx %
For x to be a critical point x € (0, 7), hence, x = 3‘5 Ya
3x ’
Forall x € [0,%], f'(x) 0
A 2 a 3n
Hence, f'is increasing in [0,—;] 14
Note: If a student concludes the answer in any of the following intervals, full marks may be
awarded:
I 3n 3n
(03 er[o)or @
3n ’
Forall x € IT'"]'f (x)=0
Hence, f1s decreasing in [37", ) 73

Note: If a student concludes the answer in any of the following intervals, full marks may be
awarded:

3n in 3
& .m) or ) or %™
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{i1) Ans

Iw s L
x= < lsa critical point
" (x} =e"(cosx — sinx} + e*(cosx + sinx)

= 2o cosx

() = -ue

Im . i - s
Hence. 5 lsa point of local maximuim.
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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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37.

Case Study - 2
An engineer is designing a new metro rail network in a city.
g N g .y

Initially, two metro lines, Line A and Line B, each consisting of multiple
stations are designed. The track for Line A iz represented by

ly :;2 = F';]‘ = E;S,Whﬂﬂﬂletrﬂ.ﬂkfﬂrﬁﬂﬂﬂiﬂrﬂmnt&dh}'

g x—1= ].r—3= =+2‘

== 2 1 -3

Based on the above information, answer the following questions :
(i)  Find whether the two metro tracks are parallel.

(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, — 3).

(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.

OR
(iii) (b) Find the shortest distance between Line A and Line B.
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Case Study - 3

38. 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 -adE(Tl'.t]} = — k(T(t) — 25),

where T(t) represents the temperature of the processor at time t (in
minutes) and k is a constant.

S FRNEAL ) L

Based on the above information, answer the following questions :

{1) Find the expression for temperature of processor, T(t) given that
T(0) = 85°C.

(ii) How long will it take for the processor's temperature to reach
40°C ? Given that k = 0-03, log, 4 = 1-3863.
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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.

16.

17.

The sum of the order and degree of the differential equation

[h(gﬂi 2

(A) 2 (B) (Cr 3 (o 4

ba | en

For a Linear Programming Problem (LFPFP), the given objective function
Z = 3x + 2y 18 subject to constraints :

x+2y=10
3x+y=<15
x,vz0

Y

Ci4, 3)

A0 (5,00 (10,0 -
x+ 2y =10
ki
b i 3x+y=15
The correct feasible region is :
(A) ABC (B] AOEC
(C) CED (D) Open unbounded region BCD

R -
Let & be a poeition vector whose tip is the point (2, — 3). If .A.B:EP,
where coordinates of A are (— 4, 5), then the coordinates of B are :

(A) (—2,-2) (B) (2,-2) (C) (-2,2) (D) (2, 2)
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18. The respective values of |‘;| and |'E)|,if'gi1ren
(2 —B).(a +5)=512 and |2 |=3| B |, are:
(A) 4B and 16 (B) Jandl
(C) 24 and8 (D) 6Gand?2

Questions number 19 and 20 are Assertion and Reason based gquestions. 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) 18 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 (LPP).

- E‘{mﬁ:

X —s :"H "){}{
ﬂl 9 A4N\N6 8 1012

v’ % +y=8 x+ 2y =10

Min Z = 50x + 70y

subject to constrainis

x+yz8, x+2yz210, x,vyz0

Z = b0x + TOy has a minimum value = 380 at B(2, 4).

Reason (R): The region representing 50x + 70v < 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 are Roll Numbers of students such that y = x3}.
List the elements of K. 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.
]

; g, 1)
| __ ) SR
A =

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) y=sinlxandy=coslx

(B) wy=coslxandy=cosx
(C) F=5i11—115.ﬂd}'=5i[11£

(D) y=cos'xandy=sinx

Sum of two skew-gymmetric matriceg of same order is always afan :

(A) skew-symmetric matrix
(B) symmetric matrix

(C) null matrix

(D)  identity matrix

[5&:‘1 {_&]_ tan™ [l:]] is equal to :

J3
11n
(A) ET) (B)
an
(Cy - 10 (D)

b
12
in
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
_ Ay | gedvidx o2 _g

dx*
(A) —4,1 (B) 4, not defined
€y 1,1 (D) 4,1

The solution for the differential equation log [%) =3x+4y 1s:

(A) 3e¥W+d4e 324 C=0 (B) e¥*4¥ 4+ C=0
(C) B det®y120=0 (D) Be 47 4 4235 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 constrainta
is shown as a shaded region in the graph.

e

qu.

\.r-l.
o Nt
i

(Note : The figure is not to scale)

(3 24) 5_(318) 5 (7 3] o (18 2
P=[13'13]’Q‘[2'4]'R‘[z'4)’5‘[?";']

Which of the following statements is correct ?

(A) Zis minimum at S[%, %]

(B} Zis maximum at E[%, %J

(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+v<4 Ix+3v= 18, x,vy=0
Study the graph and select the correct option.
+Y

A Gy

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 rangeof |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) F sq units
(C) 3 sg units (D) s 8q units

3
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) E (B) E

61 64
(C) 125 (D) 195
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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
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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 purchage

37.

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~L, 1
(iii) (a) Find A~L, 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

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 guestions are compulsory.

(it}  This question paper is divided into five Sections - A, B, C, D and E.

(izi) In Seection A, Questions no. 1 to 18 are multiple choice ﬂqfuextiuns MCQs) and

quegunhna number 19 and 20 are Assertion-Reason based questions of I mark
B,

(iv) In Section B, Questions no. 21 to 25 are very short answer (VSA) type
gquestions, carrying 2 marks each.

(v)  In Section C, Questions no. 26 to 31 are short answer (SA) type questions,
carrying 3 marks each.

(vi) In Section D, Questions no. 32 to 85 are long answer (LA) type questions
carrying 5 marks each.

(vit) In Section E, Questions no, 36 to 38 are case study based questions carrying
4 marks each.

fviti) There is no overall choice. However, an internal choice has been provided in
2 gquestions in Section B, 3 questions in Section C, 2 questions in Section D) and
2 guestions in Section E.

(ix)  Use of calculator is not allowed.

SECTION A

This section comprises multiple choice questions (MC@s) of 1 mark each.
1. The given graph illustrates :

vy
(A) y=tanlx (B) v=coseclx
(C) y=cotlx (D) y=geclx
2, Domain of fix) = cos™1 x + sin x is
(A) R {B) (-1,1)
(Cy 11,11 (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 = ar® and 8 = 2nr?, we get the differential equation
% = %]L Solve it, given that r(0) = 5 mm. 1

(m) (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} Ifit is 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
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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
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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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COURSE STRUCTURE

CLASS - XII
(2025-26)
One Paper Max. Marks: B0
No. Units Marks
1. Relations and Functions 08
Il. Algebra 10
I, Calculus 35
. Vectors and Three - Dimensional Geometry 14
W, Linear Programming 05
V1. Probability 08
Total 80
Internal Assessment 20
nit-l: Ral n Fun n
1. Relations and Functions

Types of relations: reflexive, symmetric, 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-li: Algebra

1. Matrices

Concept, notation, order, equality, types of matrices, zero and identity matrix, transpose of a
maltrix, symmetric and skew symmeltric matrices. Operations on matrices: Addition and
multiplication and multiplication with a scalar. Simple properties of addition, multiplication and
scalar multiplication. Non- 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 uniguenass of inverse, if it exists; (Here all matricas will
have real entrias).

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 equafions by
examples, solving system of linear equations in two or three variables (having unigue solution)
using inverse of a matrix.



Unit-lli: Calculus
1. Continuity and Differentiabil ity

Continuity and differentiability, chain rule, derivative of compasite 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 legarithmic 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 geometrically and second derivative test
given as a provable tool). Simple problems (that illustrate basic principles and understanding
of the subject as well as real- life situations).

3. Intaegrals

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.

rxiq
I.t:+n1"’r“l:3:t,¢1 I.In'ai —x2 I.l:r.x3+bx+z' I,In' it thxic. qu3+hx+rdx'

f%dx,j a? + x? dx, [VxZ — a? dx, [ Vax® + bx + cdx
XL

Fundameantal Thearem of Caloculus (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/ellipsas
{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 ¥ or constants.



Unit-1¥: 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
(cross) 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, muliiplication theorem on probability, independent events, total
probability, Bayes' theorem.



MATHEMATICS (Code No. — 041)
QUESTION PAPER DESIGN
CLASS - XII (2025-26)

Time: 3 hours Max. Marks: 80
%o
N Typology of Questions izl | Weightage
Remembering: Exhibit memory of previously learmed
material by recalling facts, terms, basic concepts, and a4
1 answers, 39
Understanding: Demonstrate understanding of facts and
ideas by organizing, comparing, franslating, interprating,
giving descriptions, and stating main ideas
5 Applying: Solve problems lo new situations by applying 20 25
acguired knowledge, facts, technigues and rules in a
different way.
Analysing :
Examine and break information into parts by identifying
motives or causas. Make inferences and find evidence to
support generalizations
Evaluating:
3 Present and defend opinions by making judgments 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 80 100

1. No chapter wise weightage. Care to be faken to cover all the chapters

2. Suitable internal vanations may be made for generating various templates keeping the
overall welghtage 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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PAPER 1 (WITH SOLUTIONYS)

. No. EXPECTED ANSWER / VALUE POINTS Marks
SECTION - A
Questions no. 1 to 18 are multiple cholce questions (MCQs) of 1 mark each.
QL =1 0 0
ifA=|0 1 0/, thenAlis
D 0 1
-1 0 0 1 0 0]
(A) 0o -1 () By 0 -1 0
[ O 0 =1] 0 0 =1
(=1 0 0O -1 0 o]
(C) 0 =1 0 (D) i 1 0
| O 0 1 |0 O 1]
Ans -1 0 0]
Dy ([0 1 0 1
| 0 0 1_.
Q.E. — A ‘. A sl A A A ;
If vector a =31 + 2) — k and veetor b =1 —) + k, then which of the
following is correct ?
—¥ —¥ —F —»
(4 a |l b (B) a lhb
® * 4 *
iy | b|>] a | D lal=|b|
Ans ¥ s
B) alb '
Q3. 1 5]
X i
_[— dx, x # 0 1s equal to
% X
(A) -1 (B) 0
(©) 1 D) 2
Ans | (B) 0O 1

11




Which of the following 1s not a homogeneous function of x and y 7

(A) y%—ay (B) x-3y
(C) sin* PR (D) tanx—secy
r X

Ans [ (1)) tanx-—secy :
Q5. Iffixi=| x| + | x—1 |, then which of the following is correct ?

{A) fix) 15 both continuous and differentiable, at x=0and x= 1.

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

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

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

- (C) f(x) 1s continuous but not differentiable, at x =0 and x= 1. !
If A 18 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 (D) 512
Ans | (B) 64 :
Q7. : i -
If E and F are two independent events such that P(E) = 3’ P(F) = —, then
", I
P(E/F) is equal to :
1 1
(A) = (B) g
2 ¥
)y — 3) R
(C) 3 (1) 5
9

Ans L] = 1
C) -=
( 3

08, The absolute maximum value of function fix) = ¥ — 3x+ 21in [0, 2] is ;
(A} O (B) 2
(C) 4 () 5

A |

s ©) 4

12




1 -8 —i] -

09.
letA=| 0O 4 -1 l. B=|-5|C=[98 7], which of the ollowing 1s
5 & 1] -
defined
{(A) Only AB (B Only AC
(C) Only BA (D)  All AB, AC and BA
Ans | (A) Only AB
3
Q1o. 97 1
If j‘ — dx=k -2* + (, then k is equal to
o2
(A) _— (B) —log 2
log 2 =
(Cy =1 (D) 1
' 2
-1
Ans [..I.l*i]
log 2
11. 17 ; 5 . % i
Q If a}+ I:; + c}= 0, | EI} | =437, | b | =3and | ¢ | = 4, then angle
between b and ¢ is
K n
Ay — B) —
(A P (B) 1
i n
C) — Dy —
() 5 (D) ;
Ans T
() =
3
Q12. | The integrating factor of differential equation (x + 2y%) 3—“' = 2v 15
x
ol 1
(A) e?® (B) —
Jy
1 - X
€) — Dy e ¥
ye
Ans

(B)

13




0Q13.

0 =x
7

ItA= 0 | 1s a scalar matrix, then v¥ is egual to

o O =]
=

(A) 0 By 1
€y 7 D) =7

Ans

B) 1

0Q14.

The corner points of the feazible region in graphical representation of a
L.E.P. are (2, 72), (15, 200 and (40, 15). If £ = 18x + 9y be the objective
function, then

(A)  Zis maximum at (2, T2), minimum at (15, 20)

(B) Z i3 maximum at (15, 200 minimum at (40, 15)

(C) Zis maximum at (40, 15), minimum at (15, 20)

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

Ans

(C) Zis maximum at (40, 15), minimum at (15, 20)

15,

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

(A) (A+DB)yl=B1+A" (B) (AB)~!=DB-1A-
(C) adj(A)=] A | A M 1A= A1

Ans

(A) (A+Byl=B1+4a"

016,

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 wall have both maximum and mimmum values.

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

(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
r-axia is given by

k3
2

{A) JE.T-I.‘LT (B _[:.-r-' dy
0 0

4 4
() .%j-‘-'T dax (I j-."'; dx
0 0

Ans

4
D) [Vx dx
0

14




18 The graph of a trigonometrie function is as shown. Which of the following
will represent graph of its inverse ¥
5

\
/

(A} (B}

- nid i b w2 i w'2

==l 1T
() \ ; (D)

Ans ( ]
(C)

Assertion — Reason Based Questions
Direction ;: Question numbers 19 and 20 are Assertion (A) and Reason
(R) based guestions carrving 1 mark each. Two statements are given, one
labelled Assertion (A) and other labelled Keason (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) i1s not the
correct explanation of the Assertion (A).
(C) Assertion (A) is true, but RHeason (R) 1s false.
(D) Assertion (A) is false, but Reason (R) is true.

019. | Assertion (A) : Let Z be the set of integers. A funetion [: 2 = Z defined
as fix) = 3x — 5, ¥x  Z i5 a bijective,

Reason (R) : A function is a bijective if it is both surjective and
injective.

Ans | (D) Assertion (A) is false. but Reason (R) is true.

15




Q20.

3x -8, <8
Assertion (A) : f(x) = { :'I-. :}j
2k , x>5

is continuous at x =5 for k = -

- ¥
| @

Reason (R)

: For a function f to be continuous at x = a,

_t'ﬂ,}"a f(x) = _f“_'ﬂ,u f(x) = f(a).

Ans

(DY  Assertion (A) 1s false, but Reason (R) 1s true.

SECTIONM B

This section comprises very short answer (W5A) type questions of 2 marks each.

Q21.

(a) Differentiate 2°°5°* w r.t cos® x.
OR

) Htant o2 +vh = a2 thss fid <.,
X

Ans{a)

L b3 du [ 4 X
Let = 2" :}E =2 {—Ecn.-s xsinx}lngz

dv
Lel v=cos® IZ}E=_ 2cos xsin x

[n‘u
du_\ d

s ¥
MNow—= =2 log 2
dv [d’v] %

dx

Y

OR

Ans(b)

tan™ {f ~ y‘}=31:}f + ¥ =tana’
Differentiatebothsideswri x,

2x+ E_}*gﬂl

dv  «x

=5 ==

dx ¥

16




Q22

Evaluate : tan-! [2 sin [E CoOs

Ans
3
tan"'l:zsin[zcm*" %]:l
=tan™ Eﬂn[zxfﬂﬂan"[zsini}
i 6 3
=tan"' Ex§:|— \.I"_—-—
083 i g : > _ A a4
I'he diagonals of a parallelogram are gpiven by a = 21 — j + k and
— A A A
b =1 +3; — k. Find the area of the parallelogram.
Ans : } I,
axb=2 -1 1|=—2i+3j+7k
1 3 =1
1i. -
Araaﬂ['paraﬂelngram=—|a X b|
62
__J{ E} +72 __C
024 . . . : : I N o
Find the intervals in which function f{x) = 5x% — 3x? is (1) increasing (ii)
decreasing.
Ans

2 a ; 15
£(2)=5x""~3x"" = £'()=""Vx(1- %)
Forincreasing /decreasing, put f(x)=0
= x=0,1
(f) When IE[ﬂ,l], f'( x)=0.S0, fisincreasing when xe [ﬂ,l]
(Theintervals(0,1),[0,1)or (0,1]canalsobeconsidered )
(i) w}mnxr:[l,m}. f'( x)<0.S0, fisdecreasing when xe [l,u:]
(Theinterval (1,cc)canalsobeconsidered.)

17




25,

(a)

(b)

Two friends while flving kites from different locations, find the
strings of their kites crossing each other. The strings can be

o s A ! -k e oY Y
represented by vectors a =31 +jJ +2kand b =21 - 2§ + 4k.
Determine the angle formed between the kite strings. Assume there
is no slack in the strings.

OR

Find a vector of magnitude 21 units in the direction opposite to that

—
of AB where A and B are the points A(2, 1, 3) and B{8§ -1, 0)
respectively.

Ans(a) | Let the required angle between the kite strings be 8.
Then,cos & =?—'?
b
(3i+)+ z&}{zf-zh euE} 1z 3
= cosf== = = 1%
NI+ 1+4Ja 44416 V336 21
= @=cos S orcos =5 1%
J336 J21
OR
Ans(b) | BA=—_gi+2j+3k 1
Required unit vector of magnitude21
s —ﬁ:+3;+3k s
J36+4+9
=3(-6i + 2+ 3k) or—18i + 6 j+ 9k ¥
SECTION C
This section comprises short answer (S4) 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 7
Ans da
Let'a'bethesideof the triangle ,so 77 =3cm/s v
Now areaof anequilateral triangle, A= Taaz
dA_v3a_da
dt 2 " dt T
ﬂ:I =—£”15x3=—‘5"ﬁm=m 1
dl" a=15cm 3 3

18




Solve the following linear programming problem graphically :
Maximise Z = x + 2y
Subject to the constraints :

x—yvz20
x—2yz-2
x20,vz20
Y-axis
Far
et
graph
and
shaifing
1%
Corner Point | Value of Z=x+2y o
or
COrredt
0(0,0) 0 table
A(2,2) 6 !
Since feasible region is unbounded. Plot x + 2y > 6 which has commaon region
with feasible region, thus £ has no maximum value., “
X +s5inx
(a) Find: j
l+cosx
OR

(b} Evaluate :

i
lms ix J2sin 2¢

19




Ans(a)

=_[ x[%—sml gij d!t+_[ tan % dx
=ﬂan£—jmu£dr+_[m"£rit
2 2 2

X
=rtani+|:‘

OR

Ans(b)

il dx
',[ cos® x4 2sin2x
T dx
'!nm xu"tanx
=£']'. {l+tan"‘x}sec‘x
2 _ -.,.'rlanx
Put tan x=f=>sec” xdx=df

1
i

J!.=_-|'4'l+."z

rrﬂ
1 e
=)
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1 M i ahy
Q29. | (a) Verify that lines given by r = (1 -1 + (. - 2)j + (3 — 20k and
¥ ! M, A,
r=(u+1i+2n-1); - (2u+ 1k are skew lines. Hence, find
shortest distance between the lines,
OR
(b} During a cricket match, the position of the bowler, the wicket keeper
] M A,
and the leg shp helder are mn a line given by B = 21 + 85,
i i oy — 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 slip fielder.
Ans(a) | Rewriting the lines, we get
ﬁ=(-f—1j+ 3§)+j‘.(—?+:f— Eﬁ) amd ﬁ=(?—j—£’)+p(?+2:{—‘.!kﬂ) v
Let d,=i-2j+3k, 4,=1-j—k b=—1i+]-2k, b=1+2j-2k
Note that the dr'sof given lines are not proportional so, they are not paralle] lines.
The lines will be skew if they do not intersect each other also.
i j kK
Herea, —d,= j— 4k, b xb,=—1 1 -2=2i—4j-3k b+ b
1 2 -2
Consider(, -3, ).(h x 5
=(j-4k).(2i -4j-3k)=8=0
Hence lines will not intersect. So the lines are skew. Ya
| d,—a).|h =B, |
Shortest Distance = (&, _L} [_ )
B, % b,
B 8 _ 8 :
Ji+16+9 429
OR
Ansib) | Let the wicket keeper divides the line segment in ratio k: 1
. kF+1.B 1
W R BELEO)  W(E1L0) FUI2,18,0)
. ~ [12k+2)s [1Bk+B}-
=6i+12 f= i+ 1
j[l:+l] [k-:-l)J
= 1‘.’=E
3
Hence, the required ratio is2: 3 1
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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 0 2 4 a

Px) P n ap P

Where X 18 the number of students absent,
i} Calculate p.

{ii} Calculate the mean of the number of absent students on
Saturday.

OR

For the vacancy advertised in the newspaper, 3000 candidates
submitted their applicationas. 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
getbting a distinction in written test 15 0.4 and that a female getting a
diztinction 18 0.35. Find the probability that the candidate chosen at
random will have a distinction in the written test.

Ansa) | (f)Sinced P(X)=1= p+2p+3 p+p=1
1
I}P—?
(#)Mean=3" X.P(X)=0(p)+2(2p)+4(3p)+5(p)
1
=21 p=21| — (=3
~ [?]
ORr
Ans(b) | LetE :Theapplicantisamale

E, :Theapplicant isafemale
A :The candidate chosen will have distinction in the written test.

P(E,)= %,P{E2]=§,P{A| E,)=04,P(A| E,)=035

~P(A)=P(E)P(A|E)+ P(E)P(A|E,)

=£ w 0,44 E = 0.35
3 3

11
30

22




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.
Ans ::Erh:l.
praph:
1 mark
Required Area
[ ]
La
= _[ ydx
-6
L]
= EI{I+ 3]:".-1’ %
w3
L ]
[(,ﬂ. 3)1}
=2 La
2
]
=9 Lz
SECTION D
This section comprises long answer (LA) type questions of 5 marks each.
Q3. . .
(a) If u'[! —x* + 1,|r1 —y* =a(x—y), then prove that L 5.} ;
dr §1-—x*
OR
( 0 . 2y ,
(b) Ifx=a|cosh+logtan ——1 and v = sin 8, then find d—'}— atf= E
\ 2) dx® 4
Ans(a) | Let x=sin A, y=sin B= A=sin"' x, B=sin™ y 1
1= 41—y =a(x— )
=cos A+cos B:al:si.n A —sin B]
2 A+ B A—E_z A+BY (A-B 1
= 2cos > 08| —— |= 2acos| —— Jsin| —
::-mt['q; B]:a::u!— B=2cot" a 1
=sin”' x—sin"' y=2cot' a ko
differentiate bothsides wrt x,
1 1 dv_, 1%
¥ Ji-y dx
dy [1-§
dx V1- &

OR

23




Ans(b)

[ ! 1 } 1-sin’ @
=d| —sinf+ —— |=a
sind 5in &

idx
— = acold cos &
g = Acotfces
dy
Also, y=sin #f =5 ——=cosd
y=5 g =Cs
dy_tand
“dy  a
Differetiating wrt x,
£y w0 db
a ix
_sec dtand
- =
Iy] a2
ol T F
Q33 | Find the absclute maximum and absolute minimum of
function f{x) = 2x* — 152 + 36x + 1 on [1, 3].
Ans F(x}:E.r"-lEf+ I6x+1
= F(ﬂ:a(f-nm}:a(;-z}p- 3)
(x)=0=> x=2,3¢[1,5]
Now f(1)=24, f(2)=29, F(3)=28, (5)=56
Hence, theabsolute maximum value is 56 and the absolute minimum value is 24.
s {a) Find the image A’ of the point A(1, 6, 3) in the line %-— F;1 = H; 2
Also, find the equation of the line joining A and A',
OR
. : . X+0 y+3 z2-06 y ;
{(b) Find a point P on the line = r = such that its distance
from point Q(2, 4, -1) is 7 umits. Also, find the equation of line joining

P and Q).
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Ans(a)

Theequatinnufgiw:nilnclsf: ‘FT_I =%3=,1

Any arbitrary point on the line is M{A.Eﬂ +1,34+ E]

dr'sof AMare<A-1.24-531-1>
Herel(4-1)+2(24~-5)+3(34-1)=0

=A1=1

oM [I,l S]Eﬂle foot perpendicular of the point A to the given line.
Let image of point A in the line be A'(a, 8,7)

Since M is the mid-point of Aﬂ'isujw(l_;a,ﬁ_;ﬂ* 3;-"]=M{L 3,5)

= A'(1,0,7)is the image of A.
1 y-6_ z-3

Also, Equation of AA'is r;

-3 4
OR
Ans(b) x+5 y+3 z-6
The given line is = = =Adand Q(2,4,-1
¥ 1 4 9 Q(z.4-1)
Anyrandom point on the line will be given hyPl:.-l— 5, 44— 3,—HA+E]
Since PO =1=51(A-7)" +(44-7)° +(-04+7) =7
=98(4'-24+1)=0=4=1
Hence, the required point is P{ —-1,1.—3]
y . Xx+4 y-1 =z+3 x—2 y—-14 z+1
The equation of line P sl =l sl
squsitanol e PO s 2 3 2 "% 3 2
Q35. | 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 Music 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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Let x, ¥ and z be the no. of students allocated to Sports, Music
and Drama clubs respectively.

Here, x= v+ z.y:%i-&l]. x+ ¥+ z=180

= x¥—Fy—i=0x—-2y=—4, x+ ¥+ =180
Givenequations can be writtenas AX = B

1 =1 =1

X

where, A=|1 -2 0 |, B=|—-40|, X=| ¥

1 1 1
A= —40= A exists.

2 0 -2
adfd=|=1 2 =1

g g 1

(2 0

A"ﬂlxadj.-’lul 1 =2

| A 4:_3 5
X=4'B

z o 2| o
=M1 2 1| -s0]=|es

=3 2 1] 180
Sox=90, y=65,2=25

180 F

MNumber of students allocated in s ports, music and drama are

90, 65 and 25 respectively .

1%

SECTION E

This section comprises 3 case study-based questions of 4 marks each.

Q36.

i

S

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 ¥ metres.

26




Based on this information, answer the following questions :

{i) Wnrte the equation for the total boundary material used in the
boundary and parallel to the partition in terms of x and v.
(it) Write the area of the solar panel as a funetion of x.
(i1i) (a) Find the critical points of the area funetion. Use sccond
derivative test to determine eritical points at the maximum
area. Also, find the maximum area.

OR

{iti) (b) Using first derivative test, calculate the maximum area the
company can enclose with the 300 metres of boundary material,
considering the paralle] partition,

Ans

({)2x+3y=300
(1) A=xy="(300-2x)

( i) (a) A= :{m-zx}=;{3n¢1x-zf}

=5£=1{3m—4.f}
dy 3

dA
For critical points, put e =0= x=75

d*A 4
Alo, = =—- E{E.Su..-lismuimumal x=T5

Ako,maximumareais A= %{Mﬂ ~150) =3750m’
OR
X 1
(i)(b)A=" (300-2x)=_(300x-2x)

dd 1
_

ﬂ:i(am-u}

A
For critical points, put e =0= x=75

As%ﬂlmges its sign from positive to negative as x passes through

& =75 from left to right, whichmeans x=75is the point of maximum.

Also, maximumareais A= E{ﬂm - 15u} =3750m*

3

Note : Full credit to be givenif the student 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 1s 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, =12, 3), (3, 2)}

R, =11, 2), (1, 3), (3, 2)}

R, ={(1,2), 2, 1), (1, 1)}

R, =101, 1} (1, 2), (3, 3), (2, 2)}

R. =11, 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.

(1) Identify the relation which is reflexive and symmetric but not
transitive,
(111) (a) Ildentify the relations which are symmetric but neither reflexive
nor transitive,

OR
(iti) (b) What pairs should be added to the relation R, to make it an

eqguivalence relation ?

()R, l

(#) R :

(#)(a) K;and B, 141
OR

( i) b)Requiredpairs tobeadded tomake the relation R, asanequivalence relation 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 is 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
rvepayment., The bank data suggests that the probability that a person
defaults on loan after availing it at fixed rate, floating rate and variable
rate is 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 ?

{it) 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 7
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Ans

E, :customer avails loan on fixed rate
E, :customer avails loan on floating rate
E, :customer avails loan on variable rate

A:the person defaults on the loan
1 2 i

P(E)=—P(E)=—.P(E)=—"

P{A|EL}=15E.P{A|E1}=%.PI:A| g}:ﬁ

()P(A4)=P(E)P({A|E)+P(E)P(A|E)+P(E)P(A|E)
1.5 2 3 7_1

18 9

= 0r
1000 500

(#)P( E,| A)=

P(E)P(AlE)
P(E)P(A|E)+P(E,).P(A|E)+P(E,).P(A|E,)
7T 1

k3
_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 {MCOOs) of 1 mark each.
The projection vector of vector a on vector b is
. a-b ab
a- 4 a-'b
(A) [ - .,]" & —=-
1bl” b
y T » 3
a-b a-b
e o (D) [ : _,]h
la] ) a | ®
Ans {A) (ﬂj b I
||
2 The function f{x) = x* = 4x + 6 is increasing in the interval
(A) (0, 2) (B) (==, 2|
© 1,2 D) [2, =)
Ans (D) [2,e2) |
3. 20
If f{2a — x) = f{x), then [f{.ﬂ dx is
(4]
Za i
w o %] du (B) fﬂx} dx
0 0
{l n
© 2|t de @ 2| ) dx
Ans (D) 2 [ f(x)dx l
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s 1 12 4y]
' HA=|6x 5 2x|i1sasymmetriec matrix, then (3x+ v) s
B 4 6|
(A) =5 (By 0O
(C) 6 (D) 8
Ans (¥
Il y = sin~'x, =1 < x = 0, then the range of v is
5 / i
= mt =1
(A) |— B) |—.
@ |39 ® [ 2"
i =k 1
. (D [— 0
[ = ' 27
Ans i8] [—E
If a ling makes angles n!I":L—I:T,IL;.-md B with the positive directions of 1, v
6. and z-axis respectively, then 0 13
-3 x
(A) —uonly By —only
g gy
6= D) 42
{ i [ 4
Ans No option 18 correct. Full marks may be awarded for attempting the guestion.
If E and I arc two events such that P(E) = 0 and P(F) # 1. then F(E/F) is
;
; ;. -
(A) l[H (B 1= METF)
PiF)
}
() 1-P(EF) o =REVD
P{I)
Ans 1-P(EUF)
(D) B
Which of the following can be both a symmetric and shew-symmetric
matrix ?
2 (&) Unit Matrix (B} Diaponal Matry
() Null Matrix (I How Matrix
Ans (C) Mull Matrx

32




The equation of a line parallel to the veotor 3 4 _T + 2k and passing
through the point (4, =3, T8

q,
(A) rx=dt+3y=s=0t+1l,z=Tt+2
(B) r=dt+dv=t+8, 2= +7
(C) x=t+d y=t-3 2=2+T
(N r=H+d,vo=t+d a=2t+7
Ang Clx=3t+4y=t—-3z2=12t+7
Four fricnds Abhay, Bina, Chhaya and Devesh wore asked to simplify
1o 4 AB + SAB + BA) = 4 BA, where A and B are both matrices of order 2 x 2.
' Itis known that Ae Be Jand A~' 2 B.
Their answers are given as ;
Abhay 6 AB
Bina : TAB-BA
Chhaya : 8 AB
Devesh @ 7 BA=ADR
Who answered it correctly ?
A Abhay (B) Bina
(C) Chhayn (D} Devesh
Ans (B} Bina
A eylindrical tank of radius 10 em ta being filled with sugar ot the rate of
3 104 = e, Thie emte, ol which thi hiight of the sugir insde thi Limk s
) IREPEARIRE, 18 !
(A 0.1 emds (B 06 emls
i) 1 emfs (1.1 emis
Ans (C) | ems
Lot pand g be two unit vectors and a be the angle between them. Then
12, (p + ¢) will be a unit vector for what value of a ?
W Z B =
G 3
m &
() = 0y —
2 3
Ans il
(D) 1
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The linex =145, ¥ ==0 + y, £ = =6 =3y passes through which of the

following point ?

13,
(A) {1, =5,6) (B (L 5. 6)
() (1. =5, =6) () {=1,=5, &)
Ans (Chil, -5, -6)
If A denotes the get of continuous functions and B denotes set of
14 differentinble functions, then which of the following depicts the correct
; relation between set Aand B ?
iA) @ia (B @.-‘n
L] (‘» () @@
Ang
@‘.1
(B)
The avea of the shaded region (figure) reprezented by the curves
5 y=a7, 05x 5 2 and v-axis irsﬂE\'un by
- i W il
k=2
.E'l ;-II
@ | de ® |y dy
0 I
] ]
© |2 o | v ay
[i] -‘II‘
af -
Ans (D) ju- Jydy
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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 xand y

L. are the number of units of X and Y respectively sold. Which of the
following statement is corvect *
(A} The objective function maxumizes the difference of the profit enmed
from products X and Y,
(B The objeetive function measures the total production of products X
and Y.
(C) The objective function maximizes the combined profit earned from
selling X and Y.
(0 The ohjective [unction ensures the company produces more of
product X than product Y.
Ans {C) The objective function maximizes the combined profit earned from selling X and Y
If A und B are square matrices of onder m sueh that A* = B* = (A= B) (A + B),
17, then which of the follewing 15 always correct ?
Ay A=H (B} AR =BA
(C) A=DorB=0 (Dy A=lorB=]
Ans (Bl AB = BA
Il p and q are regpectively the order and degree of the differential equation
PR,
5. i—LE%J =), then (p=q) 12
(A1 0 (B} 1
) 2 i 3
Ans (B11

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 cades (A), (B), (C) and (1)) as given below.

(A}  Both Assertion (A) and Reason (R) are true and Reason (R) 15 the
correct explanation of the Assertion (A

iBl Both Assertion (A) and Reason (R) are true, but Reason (R) is nof
the correct explanation of the Assertion (A).

(C)  Assertion (A) is true, but Beason (R) 15 false.

(1) Assertion (A) i false, but Reason (R) is true.
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Assertion (A) ¢+ A=ding |3 5 2] is a sealar matrix of order 3 % 8.

19, Reason (R) : If & diagonal matrix has all non-zero elements equal, it
is known as a scalar matrix.
Ans (D) Assertion (A) 15 false and Reason (R) 15 true.
Assertion (A) ¢ Every point of the [easible region of o Linear
0 Programming Problem 5 an optimal solution,
Reason (R) @ The optimal solution for a Lainear Programming Problem
exista only at one or more corner point(s) of the feashble
PERI,
Ans ([ Assertion (A) 15 [alse and Reason (R is true.

SECTION-B

This section comprises 5 Very Short Answer (VSA) type questions of 2 marks each.

21

(a) A wvector a makes equal anglez with all the three axes. If the
magnitude of the vector is 543 units, then find @,
OR

w = iy . ,
(b Ifa and [} are position vectors of two points P and @ respectively,

then find the position vector of a point R in QP produced such that

qu=§qa

21 (a) Ans

Let @ be the angle which the vector 8 makes with all the three axes.

Then 3cos o = 1

1
= 0080 = —=
V3

The unit vector along the vector d :—]{'I + 7+ .E}

d=5(i+j+k)

DR
AprAns | F_— T+ J
R(x) Pla) Qip)
QR _3
QP ~ 2

36




Hence, R divides PQ), externally, in the ratio 1:3.

- . A 1
The Position vector of L= ¥ = !l—{ = T{

._"|_
22, 4
Evaluate : I v1+sin2x dx
i
Ans : —
' Given definite integral fE J (sinx + cosx)*dx
H
= j {sinx + cosx)dx
L'.
EL
= [—cosx + sinx];
|
Find the values of ‘a’ for which f{x) = &in x=ax + b 18 increasing on R,
23,
Ans '(x)=rcasx —da
For f{x) to be increasing, f'{x) = 0
[.e.,cosx = d
Sinee, —1 = cosx = 1
=a=—1
Henee, a € (—o, —1]. {Also, accept a € (—w,—1))
If & and b are two non-collinear vectors, then find x, such that o = (x = 2)
24, a + b and |'il = (4 + 2v) 2 = 2h are collinear.
Ans & and B are collinear

¥x—2 1
= =—
I+2x -2

e
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25
v
v dy x-y
(a) Ifx=e",then prove that —=——,
dx xlogx
OR
. EIEJ_BI_HEJJE_E
(b)y If f(x)= |
1-f+1 , =2<x=0
Check the differentiability of f(x) at x = =2,
25{a) o I?:_:
Ans ¥
= logx = —
. ¥
= ylogx = x
Differentating both sides wrto x, we get
¥ dy
-+ — =1
ogx -
d "
dx  xlogx
IR
25 (b) Lf(-2) = ,{Em r:—z—.'n.—r'r—a;- (h>0)
1—+Lh =
A
- B — = 8—={~T)
= lim
=il —h
=lim=2
he—t)
RfT—E]:FUHﬂ:fitﬂiﬂ (h>0)
=8

24+ h+1—(-T)

= lim
f—i

o ik ; ;
= {im—, which does not exist, i.e., RHD does not exisi.
ft—i
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Therefore, the function 15 not differentiable art -2.
Mote: (1) I a student finds only RHD and concludes the result. full marks may be awarded.
{2) If a student proves that the function 18 discontineous at -2 and hence not differentiable at

-2, full marks may be awarded.

SECTION-C

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

(a) Solve the differential equation 2(y + 3) = xy E:]i = given y(1) ==2.

26
OR
{b) Solve the following differential equation :
o, AV :
(1 + 2% ==+ Zxy = 422,
dx
26{a) Ciiven differential equation can be written as
Ans X dy =Zdx
¥+3 x
3 1
= | [1—;]@ =2 [dx
= y—3log|ly + 3| = 2log|x| +C
y= 2 whenx=1=0C=-2
Hence, the required particular solution is
=y — 3logly + 3| = 2log|x| -2
R
26{h) Ciiven differential equation can be written as
Ans 2 =y = which is linear in y.

dx  1+x* 1+x

X

—ilx 2
LF. = elanz®® = gloai+x®) _ g 4 42

The solution 5 given by

¥(1+ x*) =f4.rfdx

; 4 |
= y(1 +x‘}=E.=:"+C

4t

ary = . Which is the required general solution

il
A14x=) {14x<)
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2.

Let It be a velation defined over N, where N iz get of natural numbers,
defined as “mHn if and only i m iz a mueltiple of 1, m, n 2 N." Find
whother R is reflexive, symmoetric and transitive o not,

Ans

Let x € N. Then we know that x 18 a multiple of fself.
= xRx
Hence, B s reflexive.

YW have 2, B € N such that % is a multiple of 2
= GR2

But. 2 1= not a muliiple of 8. Hence, 2 2 not R-related o 8.
Therefore, R 15 not symmetnc.
Let x, v, 2 € N such that xRy, yRz
Then x = my, ¥ = nz for some m, it € N
= X = mnE = x = pZ,where p = mn € . Hence, xRz

Therefore, R is transitive.

2E.

Solve the following linear programming problem graphically :
Minimise Z = x = Sy
subject to the constraints ;

r=yvz0
-x+2y22
xed,ved, vzl
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Ans

Correct
graph
and
shading
1%
Cormer point Value of Z = x - Sy I
A (30 2.5) '9.5
B(3.3) -12
Ci4.4) -16
D (6. 4) -14
The minimum value of Z is -16, which is attained at x = 4, y = 4. A
- 1 ¥ : —
(a) Ify=log J;« J . then show that x(x + 1)* y, # (x + 1)°y, = 2.
29 S )
OR
= dy . -1
(b) Wxfl+y+ydlsx=0,-1<x<1,x#y, then prove that ~= =
de  (1+)°
29(a) The given function can be written as
Ans y=2log(x+1)—logx
2 1 x—=1
= 3 —— =
NEYF1l x(x+1) 1
TP, o PP
= = — ] —
(x+1)y % g
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1

X

=(x+1)w+y, =

s 1
2 x{x+ 1w +xlx+ 1)y = 1+

2x(x+ 1w +xix+ Dy, =14+1-(x+ 1)y

S x{x+ 1) v+ (x+ 1)y =2

OR
29{b) xfl+y+yl+x=0
AR = xfl+y=—ypyl+x
=z (1+y) =|]."2|:'1 + x) V2
= (x-y)x+y) +aylx-y)=0
= (r=¥lix+y+x)=0 I
xy=x+y+xy=10
—x
— —
¥ l1+x 13
dy: =1
dr (1+x)°
I LERE 3 . ;
{a) A die with number 1 to 6 is biased such that P(2) = Tﬂand probability of
30
other numbers 15 equal. Find the mean of the number of times number 2
appears on the dice, if the dice is thrown twice.
OR
(b)  Two dice are thrown. Defined are the following two events & and B
A=s{lx.V:x+y=9 B=lix, v): x# 3} where (x, ¥) denote a point in
the sample space.
Check if events A and B are independent or mutually exclusive.
Aa) 3 3 7
P(2)=— P ther h =] —-——=— o
- (2] 10 (any other number) 0= 10 "

Let X represent the Random Variable “the number of 2757

Then X =10, I, 2
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The probability distnbution 15

X PX) XPiX)
0 7 7 49 ]
_—— e ——
10 10 104
i N ) 1%
P L il s
10 10 4 100 1000
2 3 3 _ 9 18
1010~ 100 100
Mean = EXP(X) = — = 0.6 Y2
IR
10{h) A= {{3.5},{4,5}, {5.4). (6,3)
An L R L |
nE P{!I:I L] PEE:I a6 (5]
PiANEB 3 :
( ) =%~ 12 s
5
P(A) KFI:E:I:E* PiA N B l
Therefore, A and B are not independent.
Acand B are not mutvally exclusiveas AnB = @ ia
. =] X+a
1l Find : l - — dr.
- Yx-a
A 1 z+a 1 |
e [—f’— dI—J- dx+a | ———ix
¥t = g2 %t —a? xyxt — a4
_— X
== fapd o -1 {_
_lng|x+-¢x EL|+5EE‘ {a}+C 141
SECTION-D
This section comprises 4 Long Answer {LA) tvpe guestions of 5 marks each.
Using mbegration, find the area of the region bounded by the line
1 v =5y + 2, the x=axis and the opdinateg x==2 and x = 2.
Ans
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Correct

sketch
and
shading
2
3 10 -e. ¥ 4 I’ B
The required area
_; a
_|[ “tsx+ 2)x +Lf5x + 2)dx 1
- -
(5x+2)°] & [5x4+ 2)° I
= ||—— B EE—
T o
E-4+ 144 104
10 10 5 I
J:E +x+1
; Find : J’ — dx.
EEE (x+2)(x°+1)
Ans 4 r+1 A HBx+¢c "
- = + 2
(x+2}x*+1) (x+2) x+1
Getting A ==,B==,C =1 1%

L

e 1.1 1 s 1
Given integral = = [ —dx + - [ =—dx +- [ —dx
" 54 r+k 5 g4 2q

+1
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3 1 1
= EJngL&: + 2| +Eiug(r’-' +1) +Emn"x +C

{n}) Find the shortest distance between the lines ;
x+1 y-1 z-8

34 and
2 1 -3
=3 y+10 z-9
2 -7 5
OR
(b) Find the image A" of the point A2, 1, 2) in the line
117 =41+ 2]+ 2k + (i -7 —k). Also, find the equation of line
joining AA’, Find the foot of perpendicular from point A on the line [
34a) The vector equations of the lines are
Ans F=—i+f+ 9%+ A(20 + ] — 3k)

F=3f — 15] + 9% + (21 — 7] + 5Kk)
i, = —i+j+9k @, =30i—15]+ 9k
by =2i+ -3k, b, =2i—7j+5k
@; — d; = 41 — 16f

O ¢ G R :
bixh,=|z 1 —3|=-16i—16j— 16k
2 -7 5

OR

[ ]
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I4ib
Ans

Al21,2)

A (a, By y)

Let the image of A in the line be A'(a, 8, v)

The point P, which 15 the point of mtersection of the hines {and A4", will have coordinates
(A+4 -4+ 2 —4+2) for some A

DreofAPare < 44+ 2-4+1,-4=
AP LI
(A+Z21—(—-A+1)—-(-4A)=0

P 1
=l=——
3
. : ; i R
Therefore, the coordinates of P are I:T :—;}

P is the mid-point of 44"

Ita 11148 7 Z+y 7
=g Tzt a3 oA 33
6 11 8

FE=GE Y=g

. o 16 11 8
The coordinates of the image are (— i _1}
= E

The equation of 44" is

x—24 yp=1 .x—2
T

3 3 3

{ar,

3x—2) 3y-1) 3(-2)
B - i — T
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-4 4 4 1 -1 1
(a) Given A=|-7 1 3 |and B=|1 -2 -2

-

15 , find AB. Hence, solve
B =3 =1 2 1 3 |
the svatem of hinear equations :
Y=y+r=4
r=2y-2z=9
dx+y+3z=1
OR
1 2 o]
by IfA=|-2 -1 -2|. then find A~
0 =1 1 |
Henee, solve the system of linear equations :
r=2v=10
dx—y—-z=8§
~dy+z=T
15(a) B 0 0
AB=|0 & 0|=28! 2
Ans 00 8
The system of equations 15 equivalent to the malnx equation:
4 X
BX=C wherel = |9 X = |}-w b
1 z
= X=8"1C
AB =8I
= B-l= 1ﬂ |
B
1 -4 4 4114 24 3
R’=E—? | 3 19)==|-16]=|-2
3 =3 -1/l1 —B -1
x=3y=-2i=-1 1%
OR
15(h) |4l =1+ 0= 47" exists, l
Ans —& =& <&
adid=|2 1 2
7 1 3 1'%
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: —3 -2 —4
At=radiA=[2z 1 2
2 1 3

The given system of equations i3 equivalent to the matrix equation

10 X
A'X =B, where B= | 8 I = I}']
7 z

=X =(A")"'B
=X={(A1n
-3 2 Zj[10 0
=X=|-2 1 1|8 =|—5
-4 2 317 ~3.

sx=0y=-5z=-3

B

i

SECTION-E
This section comprises 3 case study based gquestions of 4 marks each
A sehool 15 organizing a debate competition with participants as gpeakers
5=18,, 8, 8, 8, and these are judged by judges J = 1, dy, J,). Each
speaker can be assigned one judge. Lot R be a relation from set 5 to o

defined aa B = jix, ¥) : speaker x is judged by judge vy, x e 5, v 2 ).
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Bosed an the ahove, answier the following ;
{i) How many relations can be there from 8 0. 7 1

i A abudent icentifes o function fom S o d as f= 08, 1.0 05, |L}_

=, J.‘,I. {'.‘:I. .F_j: Check if it 15 'l.i\ij'l'l'h"ﬂ'. 1
i) (&) How many oneone functions can be there from set S tosetd ! r |
R

il thy  Anolher stwdent conasdess o relplion “I ] :IH:, -':!.l, .H:!. HJIIf in
sitt 8 Write minimum ordered pairs to be included in R, so that

B s reflexive but not symmetric 2

36 Ans (i) | The number of relations = 244 = 212

36 Ans (n) | Since, 5, and 5, have been assigned the same judge [, the function is not one-one.
Hence, i1 15 not bijective,

3a (i} fa) | There cannol exist any one-one funchion from S o ] as niS) = n(1). Hence, the number of
one-one functions from 5 o J s 0.

R

36 () ib) | To make Ry reflexive and not symmetric we need to add the tollowing ordered parrs:
(83500 (83 52), (S, 85), (54, 5,)
Three persons die, Amber, Bong and Camet are manalaeanng cas whaeh
rum o0 peteod and on battery a8 well, Their production share in the market 15
B, 0%, mnd 10% respectively, OF their respective production capacitiss,

39, 0%, 100 anl 5% cars ruspectively sro clectme (or bat by oporaticd)

Baseil o the above, answer the ol lvwing

it (a) What ie the probability that o randomly selected car iz an

eleetie enr 7 ]
(14

(i ihh What is the probabidity that o rendomly selected coar 15 a petrl
car ! 2

(i) A car iz =elected 8t random nnd ie fund io be eleetric. What s the
prohahility that it was manufaciured by Comet ? |

it A = seleeted ot mndem and 1% found do be electre, What s the
probinhility that it was manufactured by Amber or Honzi ? 1
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60 _2z0 30 10 10 _ §

100 100 T 100~ 100 T 100 100
50
_Toooo _ 1
1550 31
10000

i) (a) Let A = Amber manufaciures the car
Ams B = Bonzi manufactures the car
C = Comet manufactures the car
E = The selected car 15 electric
P."!—E'DFE'—“FC 1
) =150 P8 =155 F(8) = 15p 2
PEYy=P(A F(E)+FE F‘(Ejl P :-fFE
{}—{]}'lﬂ (B) % E"'I:} {E]I
G y 20 30 10 . 10 5
= +—X ®
100 100 100 100 100 100 L
155 31
= —— or —
1000 200 "
R
I inb} Let A = Amber manufactures the car
Ans B = Bonzit manufactures the car
C = Comet manufactures the car
E = The selected car i5 a petrol car
PiA) = & P(B) 30 P 10 y
{ 100 =T00° = Too =
E E i E
P(E) = P(A) KF{I) +P(B) % P[E)+P|:r:1 % P)
G BO 30 an 10 a5
=—x + H—t ® l
100 100 100 100 100 100
B45 169
=——0r — ¥
1000 200
37 : E
IT(ii) Ans r o P(C) % F':-EJ
{5} T P(E)
1I] iaki
H]{I 100
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37(ii) (M) P o (E) s R W 1
¥ E 1=P E 1 1 M
Ans
38.
A small town i3 analyzing the pattern of a new street light instaliation,
The lights are set up in such a way that the intensity of light at eny point
x metres from the start of the streer can he modelled by f(x) = * 3in ¥,
where x 15 in metreg.
Based on the above, answer the followng :
(i) Find the intervals on which the fix) is increasing or decreasing,
xe [0,z 2
(i) Verify, whether cach critical point when x = [0, =] i 2 point of local
maximum or Jecal minimum or a point of inflexion. 2
{i) Ans f'(x) = e*(cosx + sinx)
For critical points, f'(x) =0
= cosx +sinx =0
= cosx = —sinx %
For x to be a critical point x € (0, ), hence, x = 3‘3 Ya
3n ’
Forall x € [0,2], /() = 0
N g > A 3n
Hence, ['is increasing in [0,—4-] 1
Note: If a student concludes the answer in any of the following intervals, full marks may be
awarded:
3 3 3
(0.2) or [0.5F) or (0,
4 4 4
3n '
Forall x € |, x|, f(0) < 0
. 3 i
Hence, ['is decreasing in [, 7] Y

Note: If a student concludes the answer in any of the following intervals, full marks may be
awarded:

3n in in
(. m) or (-;-,n] or [T~ 1)
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(1) Ans

k414 s L
X = - lsa comtacal point

7 (x} =e"(cosx — sinx} + e*(cosx + sinx)

= Ze*cosx

() = e

in . 5 = 2
Hence. 5 lsa point of local maximum.
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PAPER-3

reneral Instructions :
Read the following instructions very carefully and strictly follow them :

(i)
(L)
(tii)
(iv)
(v)
(vi)
(i)

(viti)

(ix)

This question paper contains 38 guestions. All guestions 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
guestions, 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 35 are long answer (LA) type questions
carrying 5 marks each.

In Section E, Questions no. 36 to 38 are case study based gquestions 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 I and
2 questions in Section E,

Use of calculator is not allowed.

SECTION A

This section comprises multiple choice questions (MCQs) of 1 mark each.

1.

The principal value of sin—l(sin[— lg_n]] is :

(A) - EEE (B) - %
T 2
© 3 o

If A and B are square matrices of same order such that AB = A and
BA = B, then A2 + B is equal to :

(A) A+B
(C) 2(A+B)

BA
2BA

(B)
(D)

For real x, let fix) =x% + 5x + 1. Then :

(A) fis one-one but not onto on R

(B) 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 F dj"
2 2
C)y =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) 1eh< 2 (B) A=z=1
(C)  h=42 (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 is 4, then its z-coordinate is :

3
(A) i (BY 0O

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 :

Ay -1 (B) 1
(C) —m2 (D) m?

3x—-2, 0D=x=1
If fix) = g is continuous for x = (0, 2), then a is equal
2x" +ax, l<x<2

to:

7
(A —4 B) -5
c -2 (D) -1
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5"

10.

11.

12.

13.

If {: N — W is defined as

noo.. .
—, ifn is even
fin)= {2 \
0, ifn is odd
then fis :
(A)  injective only (B)
(C)  abyection (D)
0o 1 -2
The matrix | -1 0 -T|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 ; + 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) 18 an increasing function (D)
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hasaminimaatx=n

is a decreasing function



14.

15.

16.

17.

18.

Icmgx_mszmdxisequalm:
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 dx .

et 4o ¥

0

T m

(A) " (B) n
(C) tan~! e—g (D) tanle

The order and degree of the differential equation

dgy > dy 2 dy
[E] 4 [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 vy = Jx and the lines x = 0
and x = 4 and x-axis is :

(A) 16 8q. units (B} 82 8q. units
9 9
(C) ? 8Q. units (D) 33—2 8. units

The corner points of the feasible region of a Linear Programming
Problem are (0, 2), (3, 0), (8, 0), (6, 8) and (0, 5). If Z = ax + by; (a, b > 0)
be the objective function, and maximum value 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=2Zb
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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.

19. Aszsertion (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! | e |.
-|,||1+:|=:2

OR
(b)  Find domain of ain—1,||'x—1.
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12

2
24. Calculate the area of the region bounded by the curve ry + :'r? =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 when x =27

SECTION C

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

26. (a) Iff:R™—R isdefined as fix)=log, 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={ix,v):x+y=6,xeA, yve B

(i) Write all elements of R.
(ii)  Is R a function ? Justify.

(iii) Determine domain and range of R.

27. (a) Findk =o that

32—21—3
—_—, x -1
fix)= x+1
k, x=-=1

iz continuous atx=—-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
1-cosx

2

(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 iz tossed twice. Let X be a random variable 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 *—1 = ¥~2 _ 273 %4 _vy1_.
a5 4 o 2

Solve the following Linear Programming Problem using graphical method
Maximise Z = 100x + 50y
gubject to the constraints

Jx + ¥ = 600

X+ v=300

v=x+ 200

xz0,vz0
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 2 -1]|.
1 -1 2
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The relation between the height of the plant (y cm) with respect to

exposure to sunlight is governed by the equation y = 4x — %xg, where x is

the number of days exposed to sunlight.

(i)
(i1)

(a)

(b)

(a)

(b)

Find the rate of growth of the plant with respect to sunlight.

In how many days will the plant attain its maximum height ?
What is the maximum height ?

Find :

Jl cosx dx
(4 +sin? x)(5—4 cos® x)

OR

Evaluate :

m

.[ dx
: aZcos®x + bzsinzx

Show that the area of a parallelogram whose diagonals are

represented by ?a.nd T:-} is given by % | ?uﬁ |. Also find the

area of a parallelogram whose diagonals are 2; - ; + k and

A A A
i+3)j—-k.

OR
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+18 z—10

1 = = , and

e ~16 7 0

— A A A A A A
r =151 +29j +5k +pu(31 +8) —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 ?

(i1) What is the probahility that a randomly selected student answers
Bijoy as his answer in the test ?

(111) {a) What is the probability that a student who answered as Bijoy
is having misconception ?
OR

(iii) (b) What is the probability that a student who answered as Bijoy
is amongst students who do not have the misconception ?
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37.

Case Study - 2
An engineer is designing a new metro rail network in a city.
i N q -y

Initially, two metro lines, Line A and Line B, each consisting of multiple
stations are designed. The track for Line A iz represented by

Iy:: :;2 = F;‘l = E;E,Whﬂeﬂletrﬂﬂkfﬂrﬁﬂﬂﬂiﬂrﬂmnt&dh}'

I. - x-1 ” y—3 = =+2‘

e 1 -3

Based on the above information, answer the following questions :
(i)  Find whether the two metro tracks are parallel.

(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, — 3).

(iii) (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.

OR
(iii) (b} Find the shortest distance between Line A and Line B.
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Case Study -3

38. During a heavy gaming seasion, 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 -adE(Tl'.t]} = — k(T{(t) — 25),

where T(t) represents the temperature of the processor at time t (in
minutes) and k is a constant.

SN AL ] L

Based on the above information, answer the following questions :

{1) Find the expression for temperature of processor, T(t) given that
T(0) = 85°C.

(ii) How long will it take for the processor’'s temperature to reach
40°C ? Given that k = 0-03, log, 4 = 1-3863.
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PAPER-4

General Instructions :
Read the following instructions very carefully and strictly follow them :

(i)
(it)
(1id)
(iv)
()
(ui)
(vit)

(vite)

(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 questions (MCQs) and
guestions number 18 and 20 are Assertion-Reason based guestions of I mark
each.

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 fo 35 are long answer (LA) type questions
carrying 5§ marks each.

In Section E, Questions no. 36 to 38 are case study based guestions carrving
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 calculator ts not allowed.

SECTION A

This section comprises multiple choice questions (MCQs) of 1 mark each.

5 0 0
IfA=|0 5 0, then A%is:
005
5 0 0 125 0 0
(A) 3|0 5 0 (B) 0 125 0
00 5 |0 0 125
15 0 0 5 0 0
(C) 0 15 0 M |0 5 0
0 0 15 0 05

If PPAURB) =09 and PIAN B) =04, then P(A)+ P(B)is:
(A) 03 (B) 1
(C) 1-3 (D) 07
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4 3
] and B=|[-1 2|, then the correct statement is :
0 &

1 2 3

IfA= [—4 3 7

(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.

|2 0. ‘E’ _5‘,thenth3v31u&nt'xis:
12 x 4 3
(A) 3 (B) 7
(C)y 7 (D) +3
sin® ax

If fl)=] 52 ° >0

1, x=0
is continuous at x = 0, then the value of a is :
(A) 1 (B) -1
(cy =<1 (D) 0

If A= [ai;_i] iz a 3 x 3 diagonal matrix such that ay1 = 1, agg = 5 and
agg =— 2, then |A] is:

(A) 0 (B) -10
(C) 10 (D) 1
The principal value of mt—l[— %] is :
2n

Ay - & By -=C
(A) 3 (B} 3

e 2m
(C) 3 (D) 3

4+x x-1|, ) . .

H[—E 3 ]lsasmgu]armatnmthentheva]ueafxm:
(A 0 (B) 1
cy -2 (D) -4
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9. 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.

10. The slope of the curve v =—x3 + 3x% + 8x— 20 is maximum at :

(A)  (1,-10) (B} (1, 10)
(C) (10, 1) (D) (=10, 1)
11. '[..f'lﬂlinx dx is equal to :
(A) z[—sini; + cus%] +C (B) E[sin%—ﬁﬂs%] +C
- E[Eing + ms‘%‘] +C (D) E[sin% + r:.us;;J +C
w2

12. J- cosx.e" P dx is equal to:
0

(A) O (B) 1-e
iC) e-1 (D) e

13. The area of the region enclosed between the curve y = x|x|, x-axis, x = — 2

and x =2 1s:

Fa) 16
(A) 3 (B) 3
(Cy 0 (D) B

14. The integrating factor of the differential equation

[e_zﬁ —l]ﬁ =1is:

Jx o Jx |dy
(A) e IMx (B) e2hx
©) o2x D) e 2x
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15. The sum of the order and degree of the differential equation

[h(gﬂi 2

(A) 2 (B) (Cr 3 (D) 4

ba | en

16. For a Linear Programming Problem (LFP), the given objective function
Z = 3x + 2y 18 subject to constraints :

x+2y=<10
Jx+y=<15
Xx,y=z0

Y

Cid, 3)

RO GO\ o, 0 Tx
x+ 2y =10
L
Y Ix+y=15
The correct feasible region is :
(A) ABC (B) AOEC
(C) CED (D) Open unbounded region BCD

R -
17. Let & bea position vector whose tip is the point (2, — 3). If ﬁB:?,
where coordinates of A are (— 4, 5), then the coordinates of B are :
(A) (—2,-2) (B) (2,-2) (C) (-2,2) (D) (2, 2)
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18. Tharespectivevaluesuf|?| and |’E’|,ifgi1.ran
(@ —B).(a +5)=512 and |2 |=3| B |, are:
(A) 48 and 16 (B) 3andl
(C) 24 and8 (D) 6Gand?2

Questions number 19 and 20 are Assertion and Reason based gquestions. 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 Beason (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) 18 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 (LPP).

> E‘{m'ﬂ:
X = o ;h-h' T ‘,):/K
ﬂl 2 Z4\NS6 N8 10712

v % +y=8 x+ 2y =10

Min Z = 50x + T0y

subject to consirainis

2x+yvz8 x+2yz210, x,yz0

Z = b0x + TOy has a minimum value = 380 at B(2, 4).

Reason (R): The region representing 50x + 70v < 380 does not have
any point common with the feasible region.
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20, Assertion (A): let A={x e R:-1=x =1L Iff: A - A be defined as

fix) = xﬂ, then fis not an onto function.

Reason (R): Ify=-1le A thenx=+% ,-1 ¢ A.

SECTION B

This section comprises 5 Very Short Answer (VSA) type questions of 2 marks each.

21.

22,

Find the domain of the function fix) = cos™1 (x2 — 4),

Surface 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
JCos X

OR

(a) Differentiate

with respect to x.

dﬂ:-,r

(b) If y=5cosx—3sinx, prmrethat—i-l-y:[l.
dx

(a) Find a vector of magnitude 5 which is perpendicular to both the

A, F A A A A
vectors 31 —2j) + k and4i +3) —2k.

OR
(b) Let E},Fand ¢ be three vectors such that a .b = a.¢ and
?Hﬁ=?x?,?#ﬂ.5hnwthat P=c.

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.

27. (a) Find:

2x
dx
thﬂ +8)(x% - 5)

OR

(b) Ewaluate :

j{|x—2|+|x—4|] dx

28. Find the particular solution of the differential equation

[1 sini[i]—}'jl dx+xdy=0

X

given that v = E, when x = 1.

29. In the Linear Programming Problem (LPF), find the point/points giving
maximum value for £ = bx + 10y
gsubject to constraints
X+ 2y = 120
X+ yz=60
x—2v=0
vzl
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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
ig twice the production of tables. Determine the units produced of each

tvpe of furniture, using matrix method.

(a)

(b)

(a)

(b)

1

t+—

For a positive constant ‘a’, differentiate a ' with respect to
a
[t+E] , where t is a non-zero real number.
OR
Find ';ﬂ if y*+x¥ + x*=aP, where a and b are constants.

X

Find the foot of the perpendicular drawn from the point (1, 1, 4) on

x+2 _ y+1 -z+4
5 2 -3

the line

OR

Find the point on the line “;1 - F; - 3:

22 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 = y m, express the surface
area (3) of the box in terms of x and its volume (V), which is

constant.

ds
ii Find —.
{ii) in i

(iii} (a) Find a relation between x and y such that the surface area (S)
is minimum.
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
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}  Isfa bijective function ?

(ii)  (Give reasons to support your answer to (i).
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(i) (a) Let R be a relation defined by the teacher to plan the seating

arrangement of students in pairs, where
R = {(x, ¥) : 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.

OR

(ii1) (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 K. Is R a function ? Justify vour answer.

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.
]

| __ ) SR
AS =

Radish Cabbage Brinjal
Based upon the above information, answer the following questions :
(i) Calculate the probability of a randomly chosen seed to germinate.

(ii) What is the probability that it is a cabbage seed, given that the
chosen seed germinates 7
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PAPER-5

Greneral Instructions :
Read the following instructions very carefully and strictly follow them :

(i)

(11)

(iiL)

(iv)

(u)

(i)

(viL)

(vifi)

(ix)

This gquestion paper contains 38 questions. All questions are compulsory.
This question 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 I 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 guestions,
carrying 3 marks each.

In Secfion D, Questions no. 32 to 35 are long answer (LA) type guestions
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 questions in Secfion B, 3 questions in Section C, 2 questions in Section ) and
2 gquestions in Section E.

Use of calculator is notl 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 is :

(A) nxn (Bl nxm
(C) mxm (D) mxn
-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

75



3. The following graph is a combination of :

(A) y=sinlxandy=coslx

(B) vy=coslxandy=cosx
(C) y=sinlxandy=sinx
(D) y=coslxandy=sinx
4, Sum of two skew-symmetric matrices of same order is always a/an :
(A) skew-symmetric matrix
(B) symmetric matrix
(C) null matrix
(D)  identity matrix

5. [5&::‘1 {—&}— tan™! [L]] is equal to :

J3
11n B
(A) ETY (B) 1o
iR Tn
cy - 12 (D) 12
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9.

10.

11.

log (1 + ax) + log (1 — bx)

I fix) = - , forx=0
k , forx=0

is continuous at x = (), then the value of k is :
(A) a (Bl a+b
(C) a-—b (D) b
If tan~! (x% — y%) = a, where ‘a’is a constant, then g—i is :
a = (B) - =

¥ ¥
c 2 o 2

X ¥
If y = a cos (log x) + b sin (log x), then x%y, +xy, is:
(A)  cot (log x) (B) ¥
(C) -—-w (D) tan (log x)

Let fix) = |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) fis continuous at x = 0.
(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+3x'3+%+53—11
X X
© x3+3x2-2 +5x-11 D) x3-3x2- % +5x—11
X X
X+0 y .
e* dx 18 equal to:
(x + 6)° =
(A} logx+86)+C (Bl e*+C
x _
© -°_.ic (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
Yy e g
X
(A} —4,1 (B) 4, not defined
(c) 1,1 (D) 4,1

The solution for the differential equation log [%] =3x+4y 1s:

(A) Ze¥W+dex4C=0 (B) e¥*4Y 4+ C=0
(C) B3V pdet®i12C=0 (D) 347 4 40354 12C =0

For a Linear Programming Problem (LPP), the given objective funection is
Z = x + 2y. The feasible region PQRS determined by the set of constraints

is shown as a shaded region in the graph.

e

Q\.

R f
o fasf
i

(Note : The figure is not to scale)

(3 24y 5_(3 18) , (7T 3] o (18 2
P=[13'13]’Q‘[2'4]'R‘[z'4)’5‘[?'?]

Which of the following statements is correct ?

(A) Zis minimum at S[%, %]

(B) Zis maximum at E[%, %J

(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.

16.

17.

18.

In a Linear Programming Problem (LPP), the objective function
Z = 2x + by is to be maximised under the following constraints :
X+v<=4 Ix+3v=18, x,y=0
Study the graph and select the correct option.
+Y

NG

3x +3y=18

X+vy=4

(Note : The figure is not to scale)
The =olution of the given LPP :
(A)  lies in the shaded unbounded region.
(B) lesin A AOB.
(C)  does not exist.
(D} les in the combined region of A AOB and unbounded shaded

region.
Let | Y | =5and-2 <) < 1. Then, therangenﬂl? | is :
(A)  [5, 10] (B} [-2,5]
iy -2, 1) (D) [-10, 5]

The area of the region bounded by the curve ¥2 = x between x = 0 and
x=118:

(A) % sq units (B} % sq units
(C) 3 sq units (D) 4 aq units

3
A box has 4 green, 8 blue and 3 red pens. A student picks up a pen at
random, checks it 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) E (B) ﬁ

61 64
(C) 125 (D) 125
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Questions number 19 and 20 are Assertion and Reason based gquestions. 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, I -
19. Assertion{A): If |a x b |2 + |a.b |2 = 256 and | b | = 8, then
12| =2

Reason (R): &in?8 +cos28 =1 and
b — B »
|2 xb|=|a||b|sinfanda.b =|a ||b|coso.

20. Assertion (A): Let filx) =e* and g(x) =log x. Then (f + gl x = e* + log x
where domain of (f + g) is R.

Reason (R): Domi(f + g) = Domi{f) N Domig).

SECTION B
This section comprises 5 Very Short Answer (VSA) tvpe questions of 2 marks each.

21. Find the domain of fix) = gin™! (— x%).

22. (a) Differentiate ‘\Ile“rﬂ_“ with respect to EE for x> 0.
OR

(b) If (x)¥ = ()%, then find %.
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. X #—1 i8 an increasing

Determine the values of x for which fix) = E_;l
X +

or a decreasing function.

_}
(a) If a and b are position wvectors 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
Determine if the lines r =(i + j — k)+A4(3i — j)and

—p A A A A
r =(41 — k)+ pu(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
let A=) 4/ and C= |12 16 8 | be two matrices. Then, find the
-2 -6 —8 —4

matrix B if AB = C.

(a) Differentiate y = sin (3x — 4x3) w.rt.x, ifx e [— % %]
OR
. . 11 1= x2 .
(b)  Differentiate vy = cos T2 with respect to x, when x e (0, 1).
+x
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31.

{a) A student wants to pair up natural numbers in such a way that
they satisfy the equation 2x + y = 41, x, ¥y € 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 n is 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 iz 0-03 and that in
committee IT is 0-01, then find the probability that the person makes the
correct decision of selection :

(1) 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 :
nld
X dx
sinX + cosx
0

33. Draw a rough sketch for the curve v =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 — (33 + y3) dy = 0.
OR
(b)  Solve the differential equation (1 + x2) ?EF + 2xy — 4x? = 0 subject

to initial condition v(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.

36.

37.

Case Study -1

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 :

(i) Form the equations required to solve the problem of finding the
price of each item, and express it in the matrix form AX = B.

(ii) Find |A| and confirm if it is possible to find A~L.

(iii) (a) Find A~L, if possible, and write the formula to find X.
OR

(iii) (b) Find A%— 81, where I is an identity matrix.
Case Study - 2

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.
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(1) Find the derivative of the area (A) with respect to the height on the
wall (x), and find its critical point.

{(111) (a) Show that the area (A) of the right triangle iz maximum at
the critical point.
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 ?

Case Study -3

A shop selling 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
256% 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.

(ii} What is the probability that this defective smartphone was
manufactured by company B 7
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PAPER 6

General Instructions ;
Read the following instructions very carefully and strictly follow them :

(i)
(ii)
(iii)
(iv)
fu)
(vi)
(i)

(viti}

(tx)

].i

This question paper contains 38 guestions. All questions are compulsory.
This guestion paper is divided into five Sections - A, B, C, D and E.
In Section A, Questions no. 1 to 18 are multiple choice ﬂqfueﬂiuns MC@s) and

que;ﬂhna 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
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 35 are long answer (LA) type guestions
carrying 5 marks each.

In Section E, Questions no. 36 to 38 are case study based guestions carrving
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 15 not allowed.

SECTION A

This section comprises multiple choice gquestions (MCQs) of 1 mark each.
The given graph illustrates :

vy’
(A) y=tanlx (B) v=cosec lx
(C) y=cot1lx (D) y=seclx
Domain of fix) = cos ! x + sin x 1= :
(A) R (B) (-1, 1)
(Cy [I-1,1] (D) ¢
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What is the total number of possible matrices of order 3 x 3 with each
entry as J2 or o3 7

(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 :

R
o )ty ol
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10.

11.

12.

13.

A spherical ball has a variable diameter giﬂx + 1). The rate of change of
its volume w.rt. x, when x =1, is

(A) 225n (B} 300x

(C) 375n (D) 125=n

If f:R— R is defined as fix) = 2x — sin x, then fis:

(A) a decreasing function (B} an increasing function
(C) maximum atx= g (D) maximumatxz=10
EEI]ngx _ Eﬂlugx
dx i ual to:
.[Eﬁlugx_eﬁlugx 18 equal to
1'{2

(A) x+C (B) - +C

x-i- 3
C —+C Dy —+C
(C) n (D) 3 +

For a function f{x), which of the following holds true ?

by b
(A) If{x}dx = Ifl{a+h—x}dx
a a

a
(B) -[ f(x) dx =0, if fis an even fanction
— &
a a
(C) .[ flx)dx = EIf (x)dx, if fis an odd function
—a 0
2a a a
(D) If{x] dx = .I.f[x) dx — J-f{Ea + x) dx
1] 0 i
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15.

16.

17.

18.

(A) 2 cog ! (e¥) + C (BY = gin~!({e¥)+C
e s
(C) 5 +C (D) sin [2]+C

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 e
other is along the vector 21 + l[lj + Ak, 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) = 7 and PIANB) = 2 then P(A | B) is:

6 3
(A) 0 (B) n

4 1

il 15) =
(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 Asserfion (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) 15 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

19. Assertion (A): fix) = is continuous at x = 0.

0 , 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] iz 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.

x—2

x—

21. Letf:A — B be defined by fix) = , Where A=R—{3}land B=R - {1L

Discuss the bijectivity of the function.

2

22, Ifﬁ:[_l

3
2:|, then show that A2 —4A + TI=0.
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x

(a)  Differentiate [5—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 BOOO 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, v 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, v) : 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 is ¥ 150
(Chemistry), ¥ 175 (Physics) and ¥ 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 =ii—-2] -3kis

&
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 AA A A A A

r =(2i —j +3k)+A(i —2j +3k)
_}

r

A A A A A
=(i +4k)+p(3i —-6j +9k).

92



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 em. 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

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 = ?,
e —* - \

OB =b and OC =5a —2b respectively.

B

—
b

pn :.]4'

* 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.

(iii) (a) If a.B =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
A ~
Gii) () Ifa=2i—] +4k and 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.

(ii)  Substituting V = ar? and S = 2nr?, we get the differential equation

% 5 %1 Solve it, given that 1(0) = 5 mm.

(1) (a) Ifitis given that r = 3 mm when t = 1 hour, find the value of
k. Hence, find t for r = 0 mm.

OR

(i11) (b} Ifitis given that r = 1 mm when t = 1 hour, find the value of
k. Hence, find t for r = 0 mm.
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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  Ag : 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 :

(i) A person was tested randomly. What is the probability that he/she
has contracted the disease ?

(i1}  Given that the person has not contracted the disease, what is the
probability that the person is from category A, ?
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PAPER 7

(reneral Instructions :

Read the following instructions very carefully and strictly
follow them :

(i)
(ii)
(iii)

(iv)
(v)
(vi)
(vii)

This Question paper contains 38 guestions. All questions are
compulsory.

Quesiion paper is divided into FIVE Sections — Section A, B,
C, Dand E.

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.

In Section B — Question Number 21 lo 25 are Very Short
Answer (VSA) type questions, carrying 2 marks each.

In Section C — Question Number 26 to 31 are Short Answer
(SA) type questions, carrying 3 marks each.

In Section D — Question Number 32 to 35 are Long Answer
(LA) type guestions, carrying & marks each.

In Section E — Question Number 36 to 38 are case study
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, 8 questions in
Section — C, 2 questions in Section — D and 2 questions in
Section — E,.

(ix) Use of caleulator 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) flx)=2x—1 (B) f(x)=3x2+5
(C) fx)=x+35 (D) f(x) = 5x?
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Value of 4 cos [lcus_l[l]] 15
2 3

(A) 3 (B) —3
(cy 1 D) —1
x 0 m
IfA=|y z 0 |=6I wherelis 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 B is :
76 B6
(A) 3x=2 (B) 2=2
(C) 1x3 D) 1x2

If A and B are square matrices of the same order, then (A—B)2=7?

(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

© -6 M) 6
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7. IfA 1= E 2], then matrix A 1s

2 - —7 8
@ [-5 7] ® | 2 -2}
o [—1 1} o) B —1}
4 -1 -4 7
8. Ifﬂ+ﬁ=£.then%is
—x _ 14y
& 2.5
(C) Ix (D) N
. —f 1-cosx dy .
9. If y=tan ( - ],thendx 18
|
(A 1 (B) r
© -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
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11.

12,

13.

14,

2x°

3 dx 1s equal to

4+ x
@ Ltanl ¥ oLC ® ltan? Fo4C
4 2 2 2
D120 1 tant 5#
(C) 4tan 4+E} (1) 41;3.11 x° +C
jef. ud 5 dxis equal to
(1+x)
(A) ef 2 4(C (B) FENE TS
1+x 1+ x
x ]- i 1
(C) e*-—+C (D) e*. +C
X ﬂ+xF

The area of the region bounded by the lines y=x+ 1, x=1,x=3

and x-axis 18
(A) 6 sgunts (B) 8 sq units
(C) 7.5 sgunits (I)) 2 sq units

The integrating factor for solving the differential equation

dy 9 .
x-——y=2x" 18
dx y

(A) =x B) —
(C) e (D) —logx
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15.

16.

17.

18.

The number of vector(s) of unit length perpendicular to the vectors
E=2?+T+Eﬂandg=?+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

(D) at the coordinate axes

The common region for the inequalities x = 0, x+y< land y = 0,

lies in
(A) IV Quadrant (B) 1I Quadrant
(C) III Quadrant (D) I Quadrant

A and B appeared for an interview for two wvacancies. The
probability of A's selection is % and that of B's selection is é The

probability that none of them 1s 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)

102



22,

23.

24.

25,

26,

L

(a) Show that the function f(x) = (x — 1)E 18 not differentiable at
x=1.
OR

(b) Differentiate y = log (:: x? + aEJ wort .

If y = Tx — x” and x increases at the rate of 2 units per second, then
how fast is the slope of the curve changing, whenx =57

@ If|a+b|=60 |a—b|=40and|b| =46, then find |2 .
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)=8xt—4x® —12x2 + 51s

(a) strictly increasing

(b)  strictly decreasing
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27.

28.

29,

30.

al.

2
(a) Find:_[ Eorl
(x—1)(x" +1)

OR

4
(b) Evaluat&: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)  Saolve the differential equation : E::}r% x4 3:;2 .

Iff=?+2?+ﬂ,l_;= 2?+Tand3=3?—4?—5ﬂ, then find a unit

— —
vector perpendicular to both the vectors (& — b) and (¢ — b).

The corner points of the feasible region determined by some
system of hnear 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 If EandF are two independent events with P(E) = p, P(F) = 2p

and Plexactly one of E, F) = %, 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
. IfA=(3 2 -4/, then find A~!. Using A1, solve the system of
1 1 -2
equations ;

2x—3y+52=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+ﬁx=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
- H A 'l & & s
r =(41 — 7 + 2k) + A(1 + 27 — 3k) and
r=21+ -k +u@t+ 2} -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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36.

a7,

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 1s proposed to be different than at the

other floors. The window 1s 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.

(ii) Find the total area of the window in terms of x.

(i1i) (a) Find the values of x and y for the maximum area of the

window.
OR

(i) (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
(ii) 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 1s NOT of category A. 2
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38, Rajesh, a student of Clasgs-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 15 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) = 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) = x2, find

where f 18 one-one function. Also, find if it 18 an onto
function.
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CHAPTER 1: RELATION AND FUNCTION

Q.N. QUESTIONS

1 Let f: N — Y be a function defined as f (x) = 4x + 3, where, Y = {y € N: y =4x + 3for al x
€ N}. Show that given function is one one and onto.

2 If R={(a, &): aisaprime number lessthan 5} be arelation. Find the range of R .

3 Let A=R-{3}, B =R- {1}. Consider the function f: A — B defined by f(X):i—:; . Prove
that f is one— one and onto.

4 LetA=R-{3},B=R-{2/3}.Iff: A — B by f(x) =——, provethat f isabijection

5 o .
If f: W—W defined as f(x)z{ X 1’.lf X1 odd , show that f is one -one and onto.

x+1,if x is even

6 Prove that the modulus function f(x) = |x| is neither one — one nor onto.

7 Show that f: R — R given by f(x)zx;ir1 Vv xe Risneither one— one nor onto.

8 . M2, if nis odd o
Let f: N — N bedefinedby (n) ={ 2 =~ Show that the function is not bijective.

L f niseven

9 Let f: R — R be the function defined by f (x) = ﬁ VX ER.
Then, find the range of f.

10 Case study questions:
Students of Grade 12, planned to plant saplings along straight lines, parallel to each other to
one side of the playground ensuring that they had enough play area. Let us assume that they
planted one of the rows of the saplings along the line y=x+4. Let L be the set of al lines
which are parallel on the ground and R be arelation on L. Based on the above information,
answer the following:
a) Let R bearelation suchthat R={(L1, L2): L1 || L2, L1, L2 € L} .Is R an equivalence
relation? Why?
b) If (x) =x+4, f: N to N,hen check f is one to one or onto.
c) Write the range of the following functions:
D) f(X)=x2+ 1, x €ER i) f(x) =V4—x2, x €[2,2]

11

Let n be afixed positive integer. Definearelation R in Z asfollows: Va, b €Z, aRb if and
only if a— bisdivisibleby n. Show that R is an equivalence relation.
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WORKSHEET

RELATIONS AND FUNCTIONS

SECTION -A(MCQ)

Q.N. QUESTIONS
1 Let f: [2, 0) — R be the function defined by f(x) = x?>— 4x + 5, then the range of f is
()R (b) [1, ) (c) [4, ) (d) [5, )
2 Let A={1, 2, 3} and consider therelation R ={1, 1), (2, 2), (3, 3), (1, 2), (2, 3), (1,3)}. Then
Ris
(@) 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
@@, {4-4 0{3 -3}, ¢ (©f{4-4}0 d{4-4.{2,-2
5 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
6 Let R bearelation in the set N given by R={(a,b): a+b=5, b>1}. Which of the following will
satisfy the given relation?
@23yeR (b)42eR ()2DeR (d)(B0EeR
7 The function f(x) =x2+ 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)= x2+12. What is the type of function here?
(@) bijective (b) surjective
(c) injective (d) neither surjective nor injective
SECTION -B( 2/3 MARKS EACH)
9

Let R be arelation 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.
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R={x,y}:X€N,y €N, 2x+y =41}

10 Check whether the relation R defined ontheset A = {1, 2, 3,4, 5, 6} as
R={(a b): b=a+ 1} isreflexive, symmetric or transitive.

1 LetA={1,2,3} anddefineR={(a,b):a+b>0}.show that R is
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} and R ={(a,b): a is 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} and R =={(a,b): ais greater than b ; 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). Isf one-one and onto? Justify your answer.

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

18 Show that therelation R: N X N — N X N defined by (a, b) R(c,d) =>a+d=b+cisan
equivalence relation.

SECTION -E (4 MARKS EACH)
19 A school is organizing a debate competition with participants as speakers S{S1, &, S, &

} and these arejudged by judges {J, X, 1} = . Each speaker can be assigned one judge.
Let R bearelation from Sto JdefinedasR {(x , y) : speaker x isjudged by judgey; XeS,
y €J}. Based on the above, answer the following.
(1) How many relations can be there from S to J?
(i) A student identifies a function from S to J as f={(S1,J1 ), (S2,J2), (S3, J3), (S4
,J4)} . Check if it is bijective.
(iii))  (a) How many one-one functions can be there from set S to set J?
OR
(b) Another student considers a relation Ry ={(S1, S2), (S2, S4)} insetS.
Write minimum ordered pairs to be included in R; so that R; is reflexive but not
symmetric.
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ANSWERS

MCQ

1.(b)[1,0) 2. (a) reflexive but not symmetric 3. (a) 1

4. (c¢) {4,-4} ¢ 5(c) 24 6(a) (2,3) eR
7.(c) neither even nor odd 8. (c) injective

CASE STUDY

(1) Here n(S)4, n(J) =3 so, n(S XJ) 4 X3 =12 . Therefore, total number of relations
from Sto Jare 2'2=4096 .

(i)  Notethatf (S2) =% =f(Sg). 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-imagein S. Hence,
f isonto.

(ilf)  Sincef isonto but not one-one, so f is not bijective.

(iv)  (iii) (@ Asn(S) =4,n(J) =3==1i.e,n(S) > n(J) .
So, number of one-one functions from set Sto set Jis 0 (zero).

OR

(iii) (b) For reflexivity, we must add the ordered pairs: (1 ,1),( 2, 2),( 3, 3),( 4,
4),(51,91),($2,9),(S3,S3), (&4, &) .Snce (S1,S) eR and (S, &)
eR1 . So, we must not add the ordered pairs (S2, S1) and (&4, S ) inR1,
otherwise it will become symmetric. Therefore, after adding minimum number
of ordered pairsi.e., (S1,S1), (S2,S2), (S8, S8), (S4,S4) inRysothat it
becomes reflexive but not symmetric, the new relation R1 becomes R {(S1, S2),
(52,%4),(51,9),(&2,%2),(Ss,S3), (54, )}

ASSERTION AND REASON
In the following question a statement of Assertion (A) isfollowed by a statement of reason (R).
Pick the correct option: A. Both A and R aretrue 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 istruebut Risfase. D. A isfalse but
Ristrue

Assertion (A): If n (A) =p and n (B) = g then the number of relations from A to B is 2pgq Reason (R)
: A relation from A to Bisasubset of A x B

Assertion (A): TherdationRinthesat A ={1, 2, 3, 4,5, 6} definedasR={ (x,y) :yisdivishble
by x} is not an equivalence relation. Reason (R) :The relation R will be an equivalence relation, if it
isreflexive, symmetric and transitive.

Assertion (A) : A relation R ={ (1,1),(1,2),(2,2),(2,3)(3,3)} defined on the set A={1,2,3} isreflexive.
Reason (R) : A relation R onthe set A isreflexiveif (g, a) foradl ae A.

Assertion (A): If Ristherelationintheset A={1, 2,3, 4,5} given by R={(a, b): |a- b|iseven} R
isan equivaence relation. Reason (R) : All elements of {1, 3, 5} arerelated to all elements of {2,4}

1. Answer: A Solution: A istrue - No of elements of AXB = pxq, So the number of relations from A
to B is2pg R istrue— every relation from A to B isa sub set of AXB

2.Answer : A Solution: A istrue-R isreflexive and transitive but not symmetricie (2,4)eR (4,2)eR
R-true- Definition of an equivalence relation.

3.Answer: A Solution: A istrue - (a,@) ,for al aA Ristrue— Correct explanation for reflexive
relation.

4.Answer: C Solution: A istrue- Sinceit an equivalencerelation 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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CHAPTER 2: INVERSE TRIGONOMETRIC FUNCTIONS

SECTION A (MCQ)

Domain of sin~'x + cosx is

@ [-%.% (b) R (© [-1,1] @ (-1D
2. | Thevaueof sin™? (cos E) is
9
@ 3 (b) = (0 -= (0=
3. | Thevalue of sin(E — sin™! (— 1)) is
3 2
(@ -1 (b) 1 ©; (d)O
4. | Thedomain of sin"12x s
1,1 b) (-1, 1 11 11
@[-1,1] (b) (-1, 1) (©) [_E’E] (d) (_E’E)
S Vaueof tan™*(1) + cos™! (— %) isequal to
2T 31 n 11_1'[
@ = (b) (©) 3 (d)
6. | Therangeof sin"!'x + cos™'x + tan~lx
0, T 3w 0, r
(a) [0,] () [, 2 (©) (0,m) (@ [0.%]
7. | Find principal value of cos™? (cos %ﬂ)
(a) = (b) = ©F @)1
8. | Thedomain of functiony = cos™1x is
@ [-1, 1] (b) [_l’ 1] ©) [-2, 2] (d) None of
22 these
9. |Iftan x = 1“—0 . for some x € R, then the value of cot™'x is
X ] ] ]
(@) CE ©2 (@2
10. | The value of tan™! tang;“]
(a g (b) E (©) g (d) None of these
11. | Onebranch of cos™ x ,other than the principal value branch corresponds to
@[5 O)m 2n] - [F] | © [2m 3] (@ (0.
12. | The value of sin~! [cos 43?“] is
3T 7Tt T T
@ (b) -+ © 5 d -2
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13. | Thegiven graphillustrates: ¥

(a) sec™1x (b) cot™1x (c) tan~1x (d) cosec™1x

14. | Thegiven graphillustrates: Y

L5 R

2
t—l.y” (1,00
[unp—_— %
E l:l 3
(a) sec™1x (b) cos™x (c) tan™x (d) sin"x

In the following questions 13 and 14, a statement of assertion (A) isfollowed 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) istrue but reason (R) isfalse.

(d) Assertion (A) isfalse but reason (R) is true.

15. | Assertion: If 2(sin"'x)? — 5(sin"1x) + 2 = 0, then x has 2 solution.
Reason: sin~!(sinx) = x, if —g <x2= g

16. | Assertion: Domainof y = cos 1 xis[-1, 1]
Reason : The range of the principal value branch of y = cos™ x is[0, ] — E]

17. | Assertion: The function y = tan 'x is always increasing.
Reason: Its derivative is aways positive.

18. | Assertion: sin™*x + cos™x = % , Vx€[-1,1]
Reason: sin *x and cos™'x are complementary.

SECTION-B (2MARKYS)
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19."| Find the value of K if sin? [ktan (2 cos™ ! E)] =Z
2 3
20 | \write tan‘l[ 1”2_1] in simplest form.
21 | Evaluate : tan™? [2 sin ( 2 cos™! ﬁ)]
2
22. | Find thevalueof : tan™*(1) + cos‘l(—%)
23. | Express: tan™? [ cosx ] in the simplest form , where == < x < =
1-sinx 2 2
24. | Evaluate ; sec? (tan‘1 l) + cosec? (cot‘1 l)
2 3
SECTION C ( 3MarKks)
25. | Fi -1(1 -1 (L -1 L
Find the value of tan (\E) + cot (\/g) + sin™* ( ﬁ)
26. | Find the domain and range of the function f(x) = sin™1(x? — 4).
27. | Findvalue of tan (cos™'x) and hence evaluate tan (cos™* % )
28. | solvefor x : tan™? (ﬂ) =Ztan~lx, where x > 0
1+x 2
29. | Find the values of x, which satisfies the equation
sin"'x + sin™!(1 —x) = cos '«
SECTION-D ( 5 Marks)
2
30- | Find the value of tanl(sin‘1 sz + cos™1- yz), where [x|<1,y>0andxy <1
2 1+ x 1+ y
31. - Y - m
(a) Find the value 01f sin l(ism . ) + cos 1(cos . )
(b) Prove that tan™! 5t tan™! 3= %
32. | Show that
-1 a mo 2 _ —1 [ sina. cosb
2tan {tan 2’ tan (4- 2)} = tan (cos a +sin b)
33. | Write the following functionsin the ssmplest form:
—1 (cosx —sinx . n 3n
(a) tan (coszx+s?’inx)’ 4 <X < 4
-1 (3a“x—x _a a
(b) tan (—a3_3a2x), a >0, 5 <a< 5
SECTION —-E (COMPETENCY BASED QUESTIONYS)
34. | If a function f: X — Y defined as f (x) =y is one-one and onto, then we can define a
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unique function

g:Y — X such that g(y) =x,wherex € X andy =f (x), y € Y . Function g is called the
inverse of f. The domain of sine function is R and function sine: R — R is neither one-
one nor onto. The following graph shows the sine function.

L et sine function be defined from set A to [-1, 1] such that inverse of sine function exists,
i.e., sin~! x isdefined from[-1, 1] to A. On the basis of above information, answer the
following questions.

i =ie — m
= ] — o
_E — T IT _;—____

(1) If A s the interval other than principal value branch, give an example of one such
interval.

(ii) If sin”!x is defined from [-1, 1] to its principal value branch, find the value of
sin™?! (— %) —sin™1(—1)

(iii) Draw the graph of sin"1x from [-1, 1] to its principal value branch.
OR

Find the domain and range of f (x) = 2sin™ (1 — x).

35. | In aphysics experiment, the angle of inclination of aprojectileis given by:
0 = 2tan 'x It is also observed that 6 = sin*[lizz]

(1) Is the identity valid for x = 2 ? Justify your answer ?
(1))  Find the range of the of 6 = 2tan'x
(ii1)) Find 6 when x = % , Convert 0 into degrees.

Or
Verify the equivalence of the two expressions.

Answer
L. (o) [-1,1] 2.(d) 3.(b) 1 4.(0) |-,
5. (d) — 6. (c) (0,m) 7. (@) =, 8.(@[-1 1]
9. (b) = 10. (8) = 11. () [2m, 37] 12.(d) — =
13. (d)cosec™'x | 14. (d)sin"'x
15. (¢) 16. (¢) 17. (a) 18. (a)
19.~ 20. ~ tan"'x 21.% 22, 2
23.% +2 24, 82 25. 2% 26. domain
4 2 36 4 [_\/g' _\/g] U [\/g’ \/§]
oo [
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27. = 28.
8

mlle

x+y

291
2

" 1-xy

3L (a) =, (0) =

32. to prove

33.a) 7 — x , (b) Btan '

34. (i) E 3?“] or any other interval

35. (i) not valid

i (i) (—m,m)

corresponding to the LT

domain [-1,1] (iii) 5 , 60°

(if) =~
(b . ~
/
~1 X
£
(i) b)

[=m, 7]
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WORKSHEET

INVERSE TRIGONOMETRIC FUNCTIONS

SECTION A (MCQ)

L. | Thevalue of sin? (cos E) is
9

@ = CE © - @5

1

2. [If sec™tx + sec™!y = 2m, the value of cosec™' x + cosec™lyis

@ « (b)2n (c) 32n (d) —m

3. | Thedomain of the function cos™*(2x — 1) is

(@ 1[0, 1] (b) (-1, 1) ©[1.1] (d) [0, 7]

4. | One branch of cos™! x ,other than the principal value branch corresponds to

@[5= O 2n) - [Z] | ©[2m3m (@ (0,m)

5. | Thevalue of sin~! [cos 43?“] is

@ (b) =% © 1 ()~
6. | If sin”?x = y, then
(@)0 <y<n ) -2<x< [(0<y<n (d-J<x<>
7. | tan"1v/3 — sec™1(—2) isequal to
CE: () -2 (© (D)=
8. | Thedomain of sin"12x s
1,1 b) (-1, 1 11 11
@ [-1, 1] (b) (-1, 1) ©) [_E’E] (d) (_5,5)
In the following questions 9 and 10, a statement of assertion (A) isfollowed 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) istrue but reason (R) isfalse.

(d) Assertion (A) isfalse but reason (R) istrue.
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9. | Assertion (A): sin*‘(sins?”) = 5?“
Reason (R): Inverse trigonometric functions are many-one.
10.| Assertion (A): All trigonometric functions have their inverses over their respective
domains.
Reason (R): Theinverseof tan™! x existsfor somex € R
SECTION-B (2MARKYS)
1. | Find the values of tan™! (tan E) + cos™! (cos 13—”)
6 6
12, 11f tanix +tanly = 4?” then find the value of cotx + cotly
13. | g 11 af L 1 (sin(—=
Find the value of tan (\/§) + cot (\/5) + tan (sm( 2))
SECTION C ( 3Marks)
14." | show that sin~!(2xV1 - x?) = 2sin"" x where == <x < —
15. . . . . -1 1-cosx
Write the function in the simplest form : tan ook where0 < x < 1
SECTION-D ( 5 Marks)
16. -1 V14+x2+V1—x2 _r l -1.2
Prove that tan (—m_ m) =, t;cosTx
7.1 Find the val ues of tanl(sin‘1 sz + cos™l— yzz) where |x|<1,y>0andxy<1
2 1+ x 1+ y
SECTION -E (COMPETENCY BASED QUESTIONYS)
18. | Principal Value of Inverse Trigonometric Functions”. Teacher told that the value of an

inverse trigonometric functions which liesin the range of principal branch is called the
principal value of that inverse. Based on the given information, answer the following
guestions

(1) Find the Principal value of : tan'[sin g]
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(i)  The domain of the function cos™1(x) is

(iii)  Find the value of cos[tan™* ()]
Or

Find the principal value of sin {% — sin™? (— ?)}

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 satelliteis 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! (S)

The engineers also need to work with the relationship: sin™?! (g) +cos™?! (E) = %

(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™! (S) and B = cos™? (g), find the value of o +
B.

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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CHAPTER 3 & 4 MATRICESANDDETERMINANTS

SN | QUESTIONS
MCQ(1MARK)
1 What is the total numbers of possible matrices of order 3x3 with each entry as 2,3,4?
(a) 27 (b) 19683 (c) 19386 (d) 81
2 If matrix A isboth symmetric and skew symmetric , then
(@) A isdiagonal matrix  (b) A issguare and zero matrix
(c) A issguare matrix (d) None of these
3 |ifa=[} 7] anda?-kA-51=0thenthevalueof kis
(@ 3 (b) 7 (© 5 d 9
4 Suppose a3 X 3 matrix A = [a;;] , isformed using 0,1,2 as its elements .The number of such
matrices which are skew -symmetric ,is
(a)27 (b)3 (c) 729 (d)s1
5 If A and B are symmetric matrices of same order , then AB — BA isa
@ Skew symmetric matrix (b) Symmetric matrix
(c) Zero matrix (d)Identity matrix
6 Choose the correct statement:
€) Every identity matrix isascalar matrix .
(b) Every scalar matrix isaidentity matrix.
(© Each diagona matrix is aidentity matrix.
(d) A sguare matrix with al the elements 1 is an identity matrix.
7 If A isasymmetric matrix,thenA3 is:
(a) Symmetric Matrix (b) Skew Symmetric Matrix (c) Identity matrix (d)Row Matrix
8 If A and B are two square matrices each of order 3with |A| =4 and |B| =5
Then |24B| =
(@ 40 (b) 80 (c) 160 (d) 18
9 3 2
fA=[2 -3 4] , lez , X=[123], Y= 3]
2 4
AB + XY equalsto
(@[28] (b) [24] (©) [12] (d) [-28]
10 If order of matrix X is2 X p and order of matrix Zisn x n and n = p, then the order of the matrix (7X —
57)is
(a) px2 (b)2xn (¢)nx3 (d)pxn
11 xX—y 2]1_[2 2 .
If[ N 5]—[3 5],thenvalueofyls
(a) 1 (b) 3 (c) 2 (d 5
12 If A and B are two matrices such that AB =B and BA =A then A2 +B?= ?
(a) 2AB () 2BA  (c) A+B (d) AB
13 e* e¥1_M1 1
If e[ey ex] =11 1], then xy
(@ 1 ®2 (90 (-l
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14 If A issquare matrix suchthat A2 =A ,then (I +A)? - 3Ais
(a) I (b) 2A (c) 3I (d) A
15 .. . _ 110 0 .
For any 2x2 matrix ,if A(adjA) = [ 0 10] ;then |A| isequal to
(@ 20 (b)100 (c) 10 (d)o
16 If the system of equations, x+2y -3z =1, (k+3) z=3 and (2k+1)x +z =0 isinconsistent , then value of k is
1
(@ -3 (b) 3 (©0 (d)2
17 .For what value of x, A isthe skew symmetric matrix
0 1 -2
A=[-1 0 3
x -3 0
(a)l (b)3 (c)2 (d) -2
18 _[a b _]11 0 . .
.IfA—[C d]’B_|O 1|thenva|ueofadj.(AB) is
d b d —b
@[ ] O i
1 0 0 0
© [0 1] () [0 0
19 If aisasingular matrix ,then adjA is
(a) Non singular (b) singular (¢) symmetric (d) not defined
20

0 -5 8
The matrix | 5 0 12] isa
-8 —-12 0
(a) Skew symmetric matrix (b) Symmetric matrix

(©) Scalar matrix (d) Diagonal matrix

ASSERTION AND REASON (1 MARK)

Each of these questions contains two statements, Assertion and Reason. Each of these questions also has four
aternative choices, only one of which isthe correct answer. Y ou have to select one of the codes (a), (b), () 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 isincorrect

(d) Assertion is incorrect, reason is correct

1 Assertion: Let A be a2x2 matrix with non zero entries and let A2=I,where | is 2x2 unit matrix, then A=A"1
Reason: Determinant of A=1
2 Assertion: A null matrix of m x mis symmetric as well as skew symmetric matrix
Reason: If A=A"1, then A is a symmetric matrix and if A=—A~1 then A is a skew symmetric matrix.
3 Assertion: Let A and B be 2 symmetric matrices of order 3 then A(BA) and (AB)A
Reason: AB is symmetric matrix ,if matrix multiplication of A with B is commutative
4 Assertion: Let A be square matrix of 2x2then adj(adjA)=A
Reason: |adjA|=|A|
SHORT ANSWER QUESTIONS(2/3 MARKS)
o2, P a1=as]p 4 7] thenfind the matrix A
2 Ifmatrix A=[1 2 3], then write AAT ,where A”is the transpose of matrix A.
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3 0 a 3
The matrix [2 b —1] is a skew symmetric matrix, then find the values of a ,b and c.
c 1 0
4 If A =[C(_)Sa —sma], then for what value of o, A is an identity matrix.
sina  cosa
5 1 2113 11 _ [7 11 .
If [3 4] [2 5] = [k 23], then find the value of k.
Write a square matrix of order 2, which is both symmetric and skew symmetric.
From the following matrix equation, find the value of x:
[x ty 4 ]= [ 3 4]
-5 3y -5 6
8 Ramesh and Suresh are throwing the balls and trying to hit others ball. If Ramesh throws the ball
along 2x+5y=1 and Suresh throws the ball along 3x+2y = 7. Is it possible that the balls hit one
another. If so find the point where the balls hit, using matrix method.
9 For a 2x2 matrix, A Z[al- j], whose elements are given by a;; = 5 . Write the value of aj».
10 T cosf  sinf .~ [sin@ —cos6
: + .
Simplify: cos 0 [—sine cos@ n [cose sinf
11 [ 0 1 =2
For what value of x, is the matrix A=|—1 0 3 | a skew symmetric matrix.
Lx -3 0
12 _ . 12 3] [-7 -8 -9
Find the matrix X so that X = .
4 5 6] 2 4 6
13 2 3 1 -31_[1-4 6 .
If [5 . [_2 4 ]— [_9 x] , then write the value of x.
14 Find the value of x + y from the following equation :
X 5 3 =41 17 6
2[7 y—3]+ [1 2 ]_ [15 14]
15 a1 -1 2 .
If matrix A = [_ 1 1 ] and A © = kA then write the value of k.
16 Show that A’A and AA’ are both symmetric matrices for any matrix A.
1 If matrix A = If [_33 _33] and A 2 = )\A ,then write the value of A.
18 If A is a square matrix such that A 2 =1, then find the simplified value
of ( A—1)3+(A+1)3-7A.
19 0 2bp -2
Matrix A=[ 3 1 3 |is given to be symmetric, find the value of aand b .
3a 3 -1
20 Find the value of x and y which makes the following pair of matrices equal.
[Zx +y 3y]: [6 0
0 4 6 4
21 If A and B are symmetric matrices, such that AB and BA are both defined, then prove that AB-BA is
a skew symmetric matrix.
22 For the matrix A = [g ;] ,Find A+ AT and verify that it is a symmetric matrix.
23 -2

If A= [i ] and I = [(1) (1)] , then prove that A? -A +21 =O

—2
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LONG ANSWER TYPE QUESTIONS (5 MARKS)

! IfA= B :ﬂ and B = [Z _11] and (A+B)? =A2+B? then find the values of a and b.
2 12 -1 _[5 2 _[2 5 . . AR —
IfA= [3 4 ] ,B [7 4 and C = [3 8] . Find a matrix D such that CD -AB =0.
3 Find the matrix A satisfying the matrix equation
2 11,[-3 21 _11 01
[3 Z]A[ 5 —3] B [0 1
4 -4 4 4|11 -1 1
Determinetheproduct | -7 1 3 ||1 —2 —2|anduseitto solvethe system of equations
5 -3 -1|2 1 3
X—Y+Z2=4,Xx-2y—-22=92x+y+3z=1
5 Solve the following system of equations by matrix method.
3X-2y+32=8, 2x+y-z=1,4x-3y+2z=4
6 The sum of three numbersis 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.
7 2 -3 5
If A=|3 2 —-4| findA™ Using A solvethe system of equations
1 1 -2
2Xx—-3y+52=11,3x+2y-4z=-5 x+y—-2z=-3.
8 Solve the following system of equations by matrix method.
2 3 10 4 6 5 6 9 20
—+—+—=4,———+—-=1—+———=2
X y z Xy z Xy z
9 -1 -2 1
Find the non -singular matrices A, if itisgiventhat adjA=| 3 0 -3
1 -4 1

CASE BASED QUESTIONS (4 MARKYS)

CASE BASED QUESTION

*
NEwW DELW STATIOMERY MART

STR N owmeny FRmTEe

Stationery

Cravting Cmmn A & Com forn + s

1. A manufacture produces three stationery products Pencil, Eraser and Sharpener which he sellsin
two markets A and B. Annual sales are indicated below
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Market Products (in numbers)
Pencil Eraser Sharpener
A 10,000 2000 18,000
6000 20,000 8,000

If the unit Sale price of Pencil, Eraser and Sharpener are Rs. 2.50, Rs. 1.50 and Rs. 1.00 respectively, and
unit cost of the above three commodities are Rs. 2.00, Rs. 1.00 and Rs.0.50 respectively, then,
Based on the above information answer the following:( Attempt any 4)

1) Total revenue of market A

a
b.

C.

d.

Rs.64,000
Rs.60,400
Rs. 46,000
Rs. 40600

2) Total revenue of market B

a

b.
C.
d.

Rs. 35,000
Rs.53,000
Rs. 50,300
Rs.30,500

3) Costincurred in market A

a
b.
C.
d.

Rs.13,000
Rs.30,100
Rs. 10,300
Rs.31,000

4) Profit in market A and B respectively are

a (Rs. 15,000, Rs.17,000)
b. (Rs. 17,000, Rs. 15,000)
c. (Rs. 51,000, Rs.71,000)

d. (Rs. 10,000, Rs. 20,000)
5) Gross profit in both market

a Rs.23,000
b. Rs.20,300
Rs. 32,000
Rs.30,200

o o
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Three schools DPS , CVC and KV S decided to organize afair for collecting money for helping the food

victims

They sold handmade fans , mats and plates from recycled material at acost of ¥ 25,3 100 and X 50 each

CASE STUDY : 2

respectively. The numbers of articles sold are given as

School / Article DPS CcvC KVS

Handmade fans 40 25 35
Mats 50 40 50
Plates 20 30 40

Based on the information given above , answer the following questions.

1.What isthe total money (in ) collected by the school DPS?
) 700 (b) 7000 (c) 6125 (d) 7875

2.What is the total amount of money (in ) collected by schools CVC and KVS?
)] 14000 (b) 15725 (c) 21000 (d) 13125

3. What is the total amount of money (in ) collected by all three schools DPS , CVC and KVS ?
) 15775 (b) 14000 (c) 21000 (d) 17125

4. If the number of handmade fans and plates are interchanged for all the schools , then what is the total
money (in ) collected by all the schools?

(@ 18000 (b) 6750  (c) 5000 (d) 21250

5. How many articles (in total) are sold by three schools?

(& 230 (b) 130 (©) 430 (d) 330

CASE STUDY : 3
On her birthday , Seema decided to donate some money to children of an orphanage home.

If there were 8 children less, everyone would have got Rs 10 more. However , if there were 16 children more,
everyone would have got Rs 10 less. Let the number of children be x and the amount distributed by Seemafor
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one child bey (in %)

Based on the information given above , answer the following questions.

1. The equations in terms are

(b) 5x -4y =40,5x -8y =-80
(© 5x -4y =40, 5x + 8y = 80
(d) 5x -4y =40, 5x + 8y =- 80
(e 5x +4y =40, 5x -8y =- 80

2. Which of following matrix equations represent the information given above?
5 41X, _; 40 5 —41,%,_;40
@ [; glly1=0 ) O Tgiy=lg,)

OF =5 0f e

3. The number of children who were given some money by Seema, is
(a) 30 (b) 40 (c)23 (d) 32

4. How much amount (in ) is given to each child by Seema ?
(a) 32 (b) 30 (c) 62 (d) 26

5. How much amount Seema spends in distributing the money to all the students of the Orphanage?
(a) 2609 (b) 2960 (c) %906 (d) 2 690

Answer key
MCQ (MULTIPLE CHOICE QUESTIONS)

1.() 2(b) 3.() 4@ 5@ 6@ 7. 8() 9.(@ 10.b)

11. (8 12(c) 13.(a) 14.a) 15.(C) 16.(8) 17.(c) 18.(d) 19.(b) 20.(d)

ANSWERSTO ASSERTION REASONING QUESTIONS
1. (c) Here correct reason isif A=A~1 then matrix isinvoluntary
2. (c) If A=AT, then A isasymmetric matrix and if A=—AT ;then A is askew symmetric
matrix
3. (b) Both are correct ,but here the reason which explains the assertion is distributive law
4, (b)Both are correct, but correct reason which explains the Assertion is |adjA|=|A|™!

SHORT ANSWER TYPE QUESTIONS

10, 3 24l 2. 14 3.a=-2,b=0, c=-3 4o =0

5. k=17 6.0 o 7 x=1,y=2 8. Yes.x=3andy=-1
-1 1 0

9. ar =3 10. .[0 1]

126




1 -2
11. x=2 12. X=

2 0
—4 6 o O v _
13. [_9 N 14. x=2,y=9x+y=1 15. k=2
16. proof 17.1=6 18. Proof 19.a=-2/3 ,b=3/2 20.x=3,y=0

21. proof 22. Proof 23. proof

LONG ANSWER TYPE QUESTIONS

_ _ [-191 -110
1. a=11,b—14 2.D_.[ 7 aa
3.A=[1 0] 4.Ans x=3,y=-28&z=-1
5B.Ans:x=1y=2andz=3. 6.Ans:x=1y=2,z=3
7. Ans:x=1y=2,z=3 8 Ansx=2y=3,z=5

-6 -1 3
1

9.A=+t—|-3 -1 O

\/5—6 -3 -3

CASE STUDY QUESTIONS ANSWERS

Case study question 1 answers

1.(c

2(b) 3.d) 4(a 5.0

Case study question 2 answers

1.(b)

2(0) 3.0 4(d) 5.(d)

Case study question 3 answers

1.(@ 2(c) 3.(d) 4.(b) 5.b)
WORKSHEET
MATRICESAND DETERMINANTS
Max Marks: 20 Time: 40 Min
1. If A is a 2x3 matrix such that AB and AB’ both are defined, then find the order of 1
the matrix B.
2. 0 a 3 1
If thematrix |2 b —1|isaskew symmetric matrix, find the values a, b and c.
c 1 0
3. Prove that AA’ is always a symmetric matrix for any square matrix of A. 1
4. If A and B are square matrices, each of order 2 such that |A|=3 and |B|= - 2, then 1
write the value of [3AB]|.
5. If A is a square matrix of order 3 such that |adj A| =225, find |A’|. 1
6. |28X i| - |§ ‘32| then find the possible value(s) of x. 1
7. Find the equation of the linejoining A(1,3) and B(0,0) using determinantsand find 2
k if D(k,0) isapoint such that area of triangle ABD is 3 sq units.
8. 4 -4 8 4 2
FindA,if [1[A=]-1 2 1
3 -3
0. 1 -1 0 2 2 —4 5
GivenA=12 3 4|andB= [—4 2 —4] , find BA and use it to find the
0 1 2 2 -1 5
values of X, y, z from given equations:
X—y=3, 2x+ 3y +4z =17, y+2z=17
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10. cosx —sinx 0
If f(x) = [sinx CoS X 0], prove that: f{(x)f(—y) = f(x —y)
0 0 1
Work Sheet —I

1. 3x3  2.(a=-2,b=0,¢=-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).
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CHAPTER 5: CONTINUITY AND DIFFERENTIABILITY

MCQs (1 Mark)

Q.1

Q.2

Q.3

Q.4

Q5

Q.6

Q.7

If f(x) = |sinx]|, then
(@) f iseverywhere differentiable

(b) f is everywhere continuous but not differentiableat x = nt, n € Z

(c) f iseverywhere continuous but not differentiableat x = (2n + 1)% , NEZ

(d) None of the above

Thefunction f(x) = el*lis

(a) continuous everywhere but not differentiable at x = 0
(b) continuous and differentiable everywhere

(¢) not continuous at x = 0

(d) None of the above

o ay .
If y = \/sin (sinx) + y, then —isequal to

cos (sinx) cos x cos (cos x) cos (sin x) cos (sin x)
@ 2y -1 (b) == 2y © == 2y @ 2y-1

The derivative of cos™*(2x? — 1) w.r.t. cos™x is:

(82 (b) = (© = (d) 1 - x?

kx.cosec3x, x # 0

The value of k for which the function f(x) = { is continuous at x is equal to:

2, x=0

(@3 (b) 0 (96 (d)

1-sin3x .

. —, Ifx#*= . .

Thevalue of k for which f(x) = { 3cos™x 2 iscontinuousat x = - is

k, if x == 2

2

@ 5 (b) 5 (©) 0 (d) can not be determined

1

The value of x at which the function f(x) = ﬁ is discontinuous are
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(@ —3,4 (b) 3,—4 (c)—-1,-3,4 (d)-1,3,4

Q.8 If A denotesthe set of continuous functions and B denotes the set of differentiable functions, then

which of the following depicts the correct relation between set A and B.

@ (b)
O©
(c) (d)

g B

Q.9 Thefunction f(x) = x|x|, x € R isdifferentiable:

@onlyatx =0 (b)onlyatx =1 (©inR (d)inR — {0}

In the following question, a statement of assertion (A) isfollowed by a statement of Reason (R). Choose the

correct answer out of the following choices.

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

(b) Both A and R aretrue but R is not the correct explanation of A.
(c) Aistruebut R isfalse.

(d) Aisfasebut Ristrue.

Vatx -2 %0 1
Q.10 Assertion: f(x) = { x X iscontinuousat x = 0 for k = :
k, x=0

Reason: For afunction f to be continuous at x = a. If lim f(x) = f(a).
X—a

SA -1 (2Marks)

1-cos2x

Q.11 Examinethe continuity of the function f(x) = { : xz l]/: x ¢(())
, if x =
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x [x], ifo<x<2

Q.12 Examinethe differentiability of the function f(x) = {(x_ Dx, if2<x<3 a

tx = 2.

Q.13 Find the derivative of the function: log tan G + g)

Q.14 Differentiate w.r.t.x: cot {V1 + x2 + x}

1+1 t 3+21 t . d
Q15 If x = 111l ,yzfog,fmdd—z.

t2

Q16 Ify = sinx*"* find 2.

Q.17 Ifx=acosB +bsinB andy =asin® — b cos 8, provethat:

2 &%

' —
e, de+y_0'

SA -1l (3Marks)
I AN —
Q18 Ify= /1+x , provethat (1 — x )dx+y—0

Q19 Ifx=asinsint —bcoscost, y=acoscost + b sinsint,then prove that:

d’y (x2+y2)
dxz_ y3 :

P2
Q.20 Ifsiny = x sin (a +y), prove that Z_i’ _ sin’(aty)

sina

z d?y _ a \?
Q.21 If (a + bx)x = x, then prove that x oz ( )

a + bx

Q.22 Ifx=tan G logy),showthat (1+X2)%+ (2x—a)%= 0.

2
Q.23 If x =asec30,y = atan30, then find%at 0= E.

LA - (5 Marks)

2x% -3
x2+x+2'

Q.24 Ify=xcotx 4

. dy
find &

V1 +x2% — V1 —x?
V1+x2 +V1-x?

1,2

Q.25 Differentiate: tan_l{ } w.r.t. cos 1x2.

Q.26 If (tan~1x)¥ + ycot* =1, then find %
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T
3

Q27 Ifx=a (cost + log tan % ),y = asint,evaluate%att =
Answer Keys
MCQs (1 Mark)
Q.1 (b) f iseverywhere continuous but not differentiableat x = nt, n € Z
Let u(x) = sinx and v(x) = |x]|
f(x) = vou(x) = v{u(x)} = v(sinx) = |sin x |

u(x) and v(x) both are continuous. Hence, f(x) = vou(x) isaso continuous but v(x) isnot
differentiable at x = 0. So, f(x) isnot differentiableat sinx =0=>x =nnm,n € Z

Q.2 (@) continuous everywhere but not differentiableat x = 0
Letu(x) = |x| and v(x) = e*

f(x) = vou(x) = v{u(x)} = v(|x|) = e/

u(x) and v(x) both are continuous. Hence, f(x) = vou(x) isalso continuous but u(x) is not
differentiable at x = 0. So, f(x) isnot differentiable at x = 0

cos (sinx)cos x
Q3 (g -linncosx
y? =sin (sinx) +y = ZyZ—i = cos(sinx) cos x + Z—i = 2y—-1) Z—z = cos(sinx)cos x =

dy _ cos (sinx) cos x

dx 2y—1
Q4 @2
Letu = cos™1(2x? — 1) and v = cos~x

du dv. -1

-1 -2
dx  Ji-Gx2-1Z (4x) = Vi-x2 a”da Vi-x2

Q5 (06

3x
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Q6 (b

(1-sinx)(1 + sin?x + sinx
k= ( ) =k

3(1-sin?x) 3(1-sinx)(1 +sinx)

1-sin®x f (n) (1-sinx)(1+sin®x + sinx )

3cos?x 2

(1+sin2xj|-sinx) =k$k=l
3(1+sinx) 2
Q7 (b)3,—4
f(x)= x+1 _ x+1

x2+x-12 (x+4)(x-3)
Q8 (3
Q9 (d)inR - {0}

Q.10 (A) Both Assertion (A) and Reason (R) is true and the Reason (R) is the correct explanation of

Assertion (A).
Vatx -2 % Vatx+2 _ 4+x-4 1
x Vatx+2  xVAtx+2  Vatx+2
1 1 1
Gz s O =k=g
SA - | (2 Marks)
1— cos 2x 2sin?x
Q11 2 =
LHL = {sin(O—h)}2 _ 9 (sinh)2 9
- 0-h - h -
f(0)=5

Since, LHL + f(0). Hence, f(x) isnot continuousat x = 0

Q.12 LfI(Z) = f(Z—P_l)h—f(z) — (Z—h)[z—_h}]l—(Z—l)z _ (z_hz}(ll)_z — 1

, f2+h)—-f(2) (2+h-1)(2+h)—(2-1) 2
Rf(2) = B2 = .

A+ @+h) -2 h*+3h+2-2

A A =(h+3) =3

Since, Lf'(2) # Rf'(2)
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So, f(x) isnot differentiable at x = 2

Q.13 Let§+;f=v,tanv =u,wegety =logu

ay 1 1 1
du u tanv  tan (E_'_E)
172

du bis X
— = sec?v = sec? (— + —)
dv 4 2

dy _ dy du dv - csec? (F+%). 1= ! - - (E )
Now, dx du dv dx tan (§+£) sec (4 + 2) 2 2sin (§+§) cos G+;—C) sin (§+x) sec 2 tx

Ql4 Let x=cotf, weget

- _ ] B 2cos?(=
y = cot™Y(cosec 8 + cotf) = cot™! (ﬂ) = cot™1 ) (2)9
sin 6 2 sin - cos;

0 6 1
= -1 —_— === -1
cot (Cot ) ) > > cot “x

dy _ 1
dx ~ 2(1+x2)

dx -1-2logt d —-1-21logt
Q.15 & _ 7209t g =2 m208t

dt t3 dt t2
d dy/dt

Hence, & = /4t _
dx dx/dt

Q.16 logy = cos™lxlog sinx

1dy cos 1x log sin x dy . cos‘lx{ -1 log sin x }
- = COSX ——F——=>—=(SiInXx coS " xcotx — ———-
y dx sin x V1-x2 dx ( ) V1-x2
dx . dy .
Q.17 T —asin@ +bcosO = —yandﬁzacost9+bsm9 =x
dy _ x
dx y
dy
d?y Y- Xgy 2 d%y dy
2y I ax 28V A
dx? y2 y dx? dx ty
SA - 11 (3 Marks)
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Q.18

Q.19

Q.20

Q.21

Q.22

1 d d
dy 1 (1—x)‘5 d (1—x) 1 14 07 (1-0)-(1-x0)(1+x) 1+x 1
dx 2 \1+x dx \1+x/ ~ 2+J1-x (1+x)2 - 1-x (1+x)2
d 1+x 1-x?
(1-x2) 2= |x Lx
dx 1-x (1+x)2

dy 1—x dy dy
:(l—xz)ﬁz— ’m:(1—x2)a=—y:>(1—x2)a+y=0

x=asinsint —bcoscost,y=acoscost +bsinsint,

dx
— =acoscost +bsinsint =y
dt
dy . .
ol —asinsint +bcoscost = —x
dy x
dx y
d d d X
2y | ye-xa) oy y=x() (x2+yz)
dx2 y2 - y2 - 2 - 3 .
siny
~ sin (a+y)

. d . . d, .
dx St (a+y)d—y(sm y)-siny E(sm (a+y)) __sin(a+y) cosy —siny cos (a+y) __ sin(a+y-y) _

sina

dy sin2(a+y) sinZ(a+y) - sinZ(a+y)

dy _ sin®(a+y)

dx sina

z d?y _ a \?
If (a + bx)x = x, then prove that x == ( )

a + bx

log (a+bx)x = logx >%=log %

og (a+bx)x =logx = =log ——

x%_y%(x) __atbx (a"'bx)%(x)_x%(a-'_bx) Dy &
x2 T ox (a+bx)? ax ~ Y Garbo

dy _ (a+bx)%(ax)—ax%(a+bx) . ( a )2

. d?y dy
Again, x dx? T dx dx (a+bx)?

a+bx
: 1 _1
Giventhat, x = tan (Z logy) =atan”'x =logy

Diff. w.r. t. x,

~ sin? (a+y)



Diff. w.r.t.x again,

d? d d
(1+x2)ﬁ+2xd—z—a—=>(1+x2) +(2 —a)y
Q.23 Here,x = asec30 and y = a tan6
dy _ 2 2 dx _ 3
— = 3a tan“f sec*0 and = = 3a sec>60 tan 6
do do
dy .
5, = Sin 0
dzy _d )d@ ) 1 __ cos®8
NOW T (dx dx (Sln 9) 3asec30tand  3asinh
At ="C ey _ 1
T 4'dx? 12a
LA (5Marks)
2_
Q24 Letu=x* andv = —=_>
X“+x+2
logu = cotxlogx =~ =22 _ 150 cosec’x =& = xcotx (
udx X dx

dv (X2 +x+2) (222 -3) - (227~ 3) o (x2 +x+2)

2x%24+14x+3

0 —Vi—cos 0 6
Let, u = tan™?! {\/HCOS Vicos } =tan™?! {tan (E - —) } =Z_ %cos‘lx2

dx (x2+x+2)2
Now, & = & 4 & _ ycotx (—wtx
'd dx = dx x
Q.25 Letx?=cos#H
V1+cos 6 —v1—cos 6
d_u _ X
dx ~ Vi-x4
And let v = cos~1x?
@ _ —2x
dx  Vi-x*
d 1
Now, — = —=
dv 2
Q.26 If (tan™1x)Y + y°t*¥ =1,t0 flnd
dv
u+v=1 Implles—+——0
dx

—log log x coseczx) +

T (x2+x+2)2

2x%2+14x+3
(x2+x+2)2

4 2

~ Letu= (tan™1x)¥ and v = ycot*
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now apply logarithmic derivative method

_ tY )= asi Y g ="
Q.27 Ifx—a(cost +logtan2),y—asmt,Evaluatedxzatt—3

WORKSHEET
CONTINUITY AND DIFFERENTIABILITY

MCQs (1 Mark)

Q.1

Q.2

Q.3

Q4

Q5

Q.6

4—x2 .
IS

Thefunction f(x) =

4x—x3

(&) 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 isdifferentiableis
@R

®r-(5)

(c) (0, )

(d) None of the above

1-x2

If y =log (1+

dy .
),thenalsequal to

xZ
4x3

(a) 1—x*

(b) —4x

1-x*

1
4—x*

(©)

—4x3
1-x*

(d)
The set of all points where the function f(x) = x + |x| isdifferentiable, is
(@ (0, =) (b) (=0, 0) (€) (=20, 0) U (0, o) (d) (o0, )

Thefunction f(x) = [x], where [x] denotes the greatest integer function less than or equal to x is
continuous at

@x=1 (b)x=1.5 (©)x=-2 (dx=14
1
If the function f(x) = {x—l X iscontinuous at x = 1, thenthevaueof k is
k, x=1
(@0 (b)1 (c) -1 (d) 2
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S5x—4, 0<x<1

Q.7  Thevaueof b for which the function f(x) = {4x2 +3bx, 1<x<2

of itsdomainis

is continuous at every point

(@ -1 (b) 0 (9= (d)1
Q.8 chilr}) —ﬁ(l_xcoszx) isequal to
@1 (b) —1 (©0 (d) None of these

Q9 Ifxe¥Y =1,then thevalueofi—zatx =1is
(@ -1 (b)1 (0) —e () —=

Q.10 Assertion (A): Lety =t +1andx =t8 + 1, thenZZTZ = 20t8

APy _ d (dy)dt
Reason (R): 22 =% (dx) dx
SA-l (2Marks)
|x—4| .
Q.11 Examine the continuity of the function f(x) = {Z(x—4)’ ifx#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(sec x + tan x).

V14x? -1
x

Q.14 Differentiate.r.t.x : tan‘l{ ,x#0

Q.15 Ify =sin"'x +sin"'W1—x2,x € (0, 1), find %.
_ -1 . d_y

Q16 Ify=x" ¥ find—.

SA-11 (3 Marks)

Q.17 Differentiadtew.r.t.x: ec0s V1-x?

__tr
(x+1)2°

Q18 Ifxyl+y+yVI+x=0andx #y, provethatz—i’z

-1 (2292 _ tant ay _y
Q.19 If cos (x +y2) = tan™"a, prove that T

2

- dy log x
Y = X~y @ o_
Q.20 Ifx e*™Y, prove that = = Wrlog a7

LSA (5 Marks)

Q.21 If y = (sinx)®™¥ + (cos x)%¢¢*, find Z—z.

— p,co0s2t — psin2t ay _ _ ylogx
Q22 Ifx=e andy =e , prove that ™ Xlosy’
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w.r.t.tan 1x.

Q.23 Differentiate tan™? (—“}’52‘1)

Q.24 If y = Acos(logx) + B sin(log x), prove that x? % + xZ—z +y=0.

Q25 Ify=""Z showthat (1 - x?) 22 —3x 2y = 0.
Answer Keys
MCQs (1 Mark)

Q.1  (c) discontinuous exactly three points

_ 4—x2
4x— x3 T x(2+x)(2-x%)"

Wehave f(x) =
Clearly, f(x) isdiscontinuous at exactly three pointsx = 0,x = 2,x = —2.
Q2 ®MR-(3)

Lf'(x) # Rf'(x) atx = % f(x) isnot differentiable. Hence, f (x) isdifferentiablein R — {%}

Q3 (B

1x4

a2
y = log (L’;Z) = log(1 — x2) —log(1 + x?)

dy _ —-2x 2x —4x

dx  1-x2  1+x2  1-x*
Q4  (¢) (=, 0) U (0, x)
0, x<0

f(x):{Zx, x>0

Lf'(x) # Rf'(x) at x = 0, f isdifferentiable at x € R except 0.
Q5 (b)x=15

The function is continuous at al real numbers not equal to integers.
Q6 (d)2

lim £ (x) = lim - = f (1)

lim (x—1)(x+1)
x—1 x—1

=k
}Ci_r}}x+1=k
1+1=k
k=2

Q7 @-1
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lim (5x —4) = f(1) =1, lim 4x?> +3bx =4+ 3b
x—-1" x—-1F

443b=1
b=-1

Q8 (a1
[1 ’1 .
=(1-cos 2x) =(2sin?x) .
lim¥— = lim¥—— = lim>2=1

x—0 X x—-0 X x-0 X

Q9 (@-1
Diff. w.r.t.x

d
e¥ +xe? 2 =0
dx

dy _ 1

dx x

d

&y =1
dxly=1

Or
y=—logx
dy _ 1

dx x

d

_yl =1
dxlx=1

Q.10 (d) Assertion (A) is false but Reason (R) is true

d d
oA 10t9,d—’; = 8t7

dt
d_y=5t2
dx 4
d’y _ d(dyydt _ d (5 p\dt _10t 1 _ 5
dx2 ~ dt (dx) dx  dt (4t )dx T 4 8t7  16t6
SA-l (2Marks)
—(x—4)__l .
e~ 2 ifx<4
Qll f(x)= =l, if x >4
2
0, ifx=4
f(4)=0

= i —_1 - i =1
LHL—lerzrll_ flx) = > and RHL = leILILL fx) =3

Clearly, LHL # RHL

f(x) isnot continuous at x = 4
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5—x, ifx<5
Q12 f“):&—s,#xzs

L () = lim L) i 5= _ g
h=0 —h h—0 h
h-0 h pm -

Clearly, Lf'(x) # Rf'(x), f(x) isnot differentiable at x = 5.
Q.13 Letu =secx +tanx,theny = logu

du d 1 1

= = secxtanx + sec?x, = =-=-— "

dx du u (secx+tanx)

d dy du 1 secx (secx+tanx)
2o - (secxtanx + sec?x) = = secx

dx  du dx (secx+tanx) (secx+tanx)

Q.14 Letx =tanéd

tan—1 {\/1+tan26 —1} — tan-1 {\/secze —1} — tan-! {sec@—l} — tan-! {1—cos€

tan 6 tan 6 tan @ sin @
., 0
2sin? > o 1
=tan {——= L =tan™?! {tan E} =5 = Etan_lx
2 sin7 Cos»

Wehavey = %tan"lx

1
1+x2

dy 1
T2

dx

Q.15 Letx =sinf, wehavey = sin~1(sin8) + sin"1(cos 8)

Since,0<sin9<1:>0<9<g:>0<§—0<§

Therefore, y = sin~1(sin8) + sin™?! {sin (g - 0)}
LAy
YEYTR TV TR

Q.16 Taking log both sides
logy = cos xlogx
Using product rule

1dy _ cos™'x | —logx

ydx = x Vi1-x2

d -1, fcos™lx = —logx
ay _ x€0S x( + g )
dx X V1-—x2

SA-Il (3 Marks)
Q.17 y = ecos'1 1—-x2
Z_i’ — %{ecosﬂ\/l—xz} — ecos_1\/1—x2 ;—X{COS_l‘/l _ xz}
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= gCosTV1-x2 | —1 i{ 1— xz}
1-(1—x?)dx

cos™W1-x2 | —1 . 1 i (1- xz)
J1—(1—x2) 2V1—x2dx

=e

cos™W1-x2 | —1 . 1 (—2x)
J1—(1—x2) 2V1—x2

1
Q18 xJ1+y+yVl+x=0
= x/1+y=-y/T+x
= x*(1+y) = y*(1 +x)

= e

-1 2
— ,C0S 1-x
= e

= x% —y? = xy? — x?%y

> (=Y +y) = —xy(x —y)
>x+y=—xy
S>y+xy=—x

>y(1+x)=—x

1+x
dy {(1+x)'1—x(0+1)} _ 1
Now, & = (1+x)2 T (1+x)2?
_q (x%-y? _
ng coS 1 (x2+:3;2) = tan 1a
x2_y2 _1 ]
s cos(tan™"a) = k,where k is a constant
22 _ kil
-2y2 k-1
2 1+k
= % =T =m (another constant)
2d ¢ 2y _,2d( 2
Diff w.r. t.x, 200 _

(v?)?
dy
= y%(2x) — x2(2 =0
7 (2x) —x*(2y)
2,4 _ 2
=>2xydx—2xy

@y _y

dx X

Q.20 Taking log both sides
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ylogx =x—y
> ylogx+y=x
= y(1+logx) =x

= =
y 1+logx

Diff. w.r.t.x

d d
dy (1+logx)a(x)—xa(1+logx) _ (1+logx)-1—x(0+%) logx

dx (1+logx)?2 o (1+logx)? - (1+logx)?2

LSA (5 Marks)

Q.21

Q.22

Q.23

Let u = (sinx)®"* and v = (cos x)5*

logu = tan x log(sin x) and log v = sec x log(cos x)

ldu _ a . . a _ cosx . 2
——— =tanx— {log(sinx)} + log(sin x) — (tanx) = tanx prae log(sinx) secx

Z_Z = (sinx)®@"*{1 + log(sinx) sec?x}

—sin

sinx
+ sec x tan x log(cos x)
CosXx

1dv d d
and ——. = secx— {log(cos x)} + log(cos x) - (secx) = secx

% = (cos x)%¢“*{sec x tan x log(cos x) — sec x tan x}

dy _ du dv

dx dx dx

= (sinx)®"*{1 + log(sinx) sec?x} + (cos x)5¢°*{sec x tan x log(cos x) — sec x tan x}

logx = cos 2t andlog y = sin 2t

1dx . 1d

~Z = _2sin2t and-= = 2 cos 2t
x dt y dt

d dx .

2 = 2y cos2t and = = —2xsin 2t

dt dt

dy _ dy/dt _ 2ycos2t _  ylogx
dx dx/dt T —2xsin2t xlogy

v 1+x2—1)

Now,

Differentiate tan™1! ( w.r.t.tan 1x.

Letx =tané

tan—1 {\/1+tan26 —1} — tan-1 {\/seczﬂ —1} — tan-1 {sec@—l} — tan-1 {1—cos 9}

tan 6 tan 6 tan 6 sin @

0
-2
) 2sin 5

2 sinicosi

6y 6 1
= tan }=

= tan~! {tanE 5= Etan‘lx

dy 1

1, -1
Wehavey = ptan™x = 20 = oo
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Q.24

Q.25

_ dt 1
Lett =tan lx = —=
dx 1+x2

dy _ dy/dx _ 1/2(14+x2?) 1
dt ~ dt/dx  1/(1+x2) 2

dy _ —Asin(logx) n B cos(logx) N xz_z = —Asin(logx) + B cos(log x)

dx x X
d?y dy 4 A cos(logx) . Bsin(logx)
=X dx? + dx 1= x x
2 d2%y dy .
S xS tx—= —{A cos(logx) + Bsin(logx)} = —y
242y W
> X dx2+xdx+y—0
_ sin71x Ny oAy
Ify= m,showthat 1-—x )¢7le 3x——y=0.
dy _ 1—x2%(sin‘1x)—sin‘1x% 1—x2
dx 1-x2
oAy _ — . 1 sin~1x (=2x) _ x sin~1x _
A=x) o =Vl-xt - s =1+ = 1+xy

oA
=>1-x )dx—1+xy
2
:(1—x2)u—2xd—y=xd—y+y

dx? dx dx

d? d
:>(1—x2)d—szl—3x£—y=0.
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CHAPTER 6: APPLICATION OF DERIVATIVES

Topics Covered:

* Rate of Change of Quantities

* Increasing/Decreasing Functions
* Maxima and Minima

QL. If y =2, find the rate of change of y with respect to x when x = 3.

Q2. Theradius of acircle increases at a constant rate of 2 cm/s. Find the rate of change of areawhen radius
is5cm.

Q3. If s=4t2 + 2t, find velocity whent = 2.

Q4. A cube’s edge increases at 1 cm/s. Find the rate of change of its volume when edgeis 4 cm.

Q5. Radius of asphereisincreasing at 0.1 cm/s. Find rate of increase of volume when radiusis 7 cm.

Q6. Check whether f(x) = x2 isincreasing or decreasing on (-, o).
Q7. f(x) = x3, increasing or decreasing?

Q8. Determine intervals where f(x) = -x2 + 4x isincreasing or decreasing.

Q0. Is f(x) = sin x increasing on (0, )?
Q10. Find intervals of increase/decrease for f(x) = x3 - 3x.

Q11. Find local maxima/minimaof f(x) = x2- 6x + 9.

Q12. Maximum/minimum of f(x) = -x2 + 4x.

Q13. Maximum/minimum of f(x) = x3 - 3x2 + 4.

Q14. Maximum area of arectangle with perimeter 20 cm.

Q15. Find maximum value of sin X + cos x on [0, ©/2].

Q16. Find minimum value of x2 + 9/x2, x # 0.

Q17. Find the maximum of f(x) = x(10 - x).

Q18. A closed rectangular box with square base and volume 1000 cm2. Find minimum surface area.
Q19. f'(x) = (1 - x3)/(1 + x?)2 > Max at x=1, Value=1/2

Q20. h'(t) =20- 10t = t=2, h(2)=20 m

Q.21 Find the atitude of aright circular cone of maximum curved surface of which can beinscribed in a
sphere of Radius R.

Q.22 Find the shortest distance between the line x-y+1 = 0 and the curve y? = x .
Q.23 Answer the questions based on the given information.

Two metal rods, R; and Ry, of lengths 16 m and 12 m respectively, are insulated at both the ends. Rod
R1 is being heated from a specific point while rod Rz is being cooled from a specific point. The
temperature (T) in Celsius within both rods fluctuates based on the distance (x) measured from either
end. The temperature at a particular point along the rod is determined by the equations T = (16 - X)X
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and T = (x - 12)x for rods R:1 and R> respectively, where the distance x is measured in meters from one
of the ends.

(i) Findtherate of change of temperature at the mid point of the rod that is being heated.
(i) Find the minimum temperature attained by the rod that is being cooled.

Q.24 A tank, as shown in the figure below, formed using a combination of acylinder and a cone, offers
better drainage as compared to a flat bottomed tank.

A tap is connected to such atank whose conical part isfull of water.
Water isdripping out  from atap at the bottom at the uniform rate of
2 cm®/s. The semi-vertical angle of the conical tank is45° .

On the basis of given information, answer the following questions :

(i) Find the volume of water in the tank in terms of itsradiusr.

(ii))Find rate of change of radius at an instant when r = 2v/2cm.

(iii)Find the rate at which the wet surface of the conical tank is decreasing at an instant

when radiusr = 2v2 cm.

Q.25 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.26 The volume of aspherical balloon isincreasing at the rate of 3 cm?®/ sec. Find the rate of increase of its
surface area, when the radiusis 2 cm.

SOLUTIONS:
Q.1dy/dx =2x = dy/dx at x=3 =2x3 =6

Q.2 A =nr* = dA/dt = 2ar(dr/dt) = 2nx5%2 = 201 cm?/s
Q3v=dddt=8t+2=v(2) =18

Q.4V =x3= dV/dt = 3x3(dx/dt) = 3x16x1 = 48 cm3/s

Q.5V = (4/3)nr®* = dV/dt = 4nr?(dr/dt) = 4nx49x0.1 = 19.67

Q.6 f'(x) = 2x = Increasing for x > 0, Decreasing for x <0

Q.7 f'(x) = 3x2> 0 = Increasing everywhere

Q.8f'(x) =-2x + 4 = Increasing on (-, 2), Decreasing on (2, )
Q9. f'(x) = cosx = Increasing on (0, = /2), Decreasingon (= /2, «)
Q.10 f'(x) = 3x2 - 3= 3(x+1)(x-1) = Increasing on (-o,-1)U(1,0), Decreasing on (-1,1)
Q.11 f'(x)=2x-6 = x=3, f"(x)=2>0 = Minimaat x=3, Minvaue=0
Q12 f'(x) =-2x + 4 = x=2, f"(X)=-2<0 = Maxima at x=2, Max = 4
Q.13f'(x) = 3x(x-2) = x=0,2 = Max a x=0, Min at x=2

Q.14 A =x(10- x) = 10x - X2 = Max at x=5, Area= 25 cm?

Q.15 Max at x=n/4 = Value = \2

Q16 f'(x)=2x - 18/x3 = x = V3, Min = 23

Q.17 Max at x=5, Vaue=25

Q.18 S= 2x2+4xh find s Minimum surface area 600 cm2
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Q.191'(x) =(1-x3/(1 + x3)2= Max at x=1, Value= %
Q.20 h'(t) =20- 10t = t=2, h(2)=20
Q.21 Let O be the center of the sphere and given that R be radius of sphere.

Let r be radius of cone, h be height of cone and | be slant eight of the cone.
Therefore,

OA=0B=0C=R, CM=h , AC=BC=1|, AM=BM=r .

By right triangle AMO:

OA?== AM? + OM?

SinceOM =CM - 0OC=h-R

Therefore, R>=r1?+ (h— R)? = r? = 2hR- h?

Now

Slant height(l)= v hZ + r2= V2hR .

The curved surface area (CSA) of the coneis.

S=nrl=n(v 2hR — h?) \2hR
To simplify maxima analysis, define:
Z=S=2n? Rh(2Rh—h?).
Differentiate Z w.r.t. h;
az _ 2 _AR2
- 21° R(4Rh—3h?).
Put az =0:
dh
4Rh-3h?=0=h(4R-3h)=0 = h=0 or h="".
Discard h= 0 (trivial case), so the meaningful critical valueish :§ .

2
Forh== ZTi — 212 R(4R—6h) = -8 (R)? <0

Therefore, by second order derivative test, CSA of cone maximum for height (h) =

4R
3 "

Q.22 Let apoint P on the curve be P(t2t). The distance from P to the line x—y+1=0 is:

[£2—t+1| _ t2-t+1

POy

since t>-t+1> 0

t2—t+1

V2

let f(t) =
2t—1

FO="T7
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Put (£)=0 = 2t-1=0 = t=

By using second order derivative test,
() =v2>0

S0 t= % isalocal minimum.

Att=1

2

Q.23
(i) Giventhat Rod R: length =16 m
And Temperature function: T(x)=(16—x)x

=8m

Midpoint: x:?

Now£=16—2x;
dx

Atx=8m; = =16-2(8) = 0°C/m

The rate of change of temperature at the midpoint of rod Rz is 0 °C/m, indicating that the temperature is
stationary at this point.

(i) Giventhat Rod Rz length =12 m
And Temperature function: T(x)=(x - 12)x = x2 — 12x;

T~ ox-12:
dx

Now for find critical points put Z—i =0,

= 2Xx-12=0 = Xx=6

Now Evaluate T(x) at endpoints and critical point:

T(0)=0>-12(0)=0

T(6)=6°-12(6)=36—-72=-36

T(12)=12%-12(12)=144—144=0

The minimum temperature attained by rod R2 is-36 °C at 6 meter s from the measured end.

Q.24 (i) Let r be radius of cone and h be height of cone.
Since semi-vertical angle of the conical tank is 45° therefore height of cone (h) = radius of cone (r).

. 1 1 1
volume of water in the tank = gnrzh = gnrzr = gnr3 .

(ii) Given that =~ = -2 cm¥/sec
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Volume (V) = §nr3

Differentiate w.r.t. t, we have

av d d -2
=== (3r2)—=> 2=mr =T =
dt 3 dt nr?
-2 -1
when r = 2/2cm, & 2 TraVe = am CVseC

(iii) Let slant height of cone bel.

Now |2=r? + h?
Sinceh=r,12=r2+r2=2r2= | =+/2r
Lateral area (S)=nrl = ntr . \/2r= m/2r?

% =2 m(2r) % =22 nr(;—;) cm?/sec
when radiusr = 2v/2 cm,

% =22 n(2V2) (;—;) cm?/sec = -2 cm?/sec
The wet surface area is shrinking at 2 cm?/s.

Q.25 Let x cm bethe side and A be the area of the equilateral triangle at timet.

Rate of change (increase) of sdex w.r.t. t = % = 2cm/sec.

Rate of change of areaw.r.t. t = = \/—32x ad \/3

X.2 = /3 x cm?/sec.
dt 4

Q.26 Let r betheradius, V be the volume and S be the surface area of the spherical balloon at any timet.
Vzgrrr3 and S= 4 nr?

Rate of change (increase) of volumew.r.t. t = 3 cm? sec.

v _q
dt
Now, V =278 => & = 237220 =5 3= g2l
dt 3 dt dt
=>&= 3 /4712
dt
Now , S= 4 nr? :> = 8nr— = 8nr(3/4mr?) => % = g =2cm?/sec.
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WORKSHEE:
APPLICATION OF DERIVATIVES

Concepts Covered

1. Derivative as Rate of Change

2. Increasing and Decreasing Functions
3. Tangent and Normal to a Curve

4. Maxima and Minima (L ocal/Global)

5. Simple Word Problems using Derivatives

Part A: Multiple Choice Questions (MCQs)

QL. The dlope of thetangent to thecurvey =x3-3x + 2atx = 1is.

A)0B)1C)-2 D)3

Q2. For the function f(x) = x3 - 6x2 + 9x + 15, the function isincreasing in the interval:
A) (-, 0) B)(0,2) C)(2,) D) (0, 1)

Q3. If the normal to the curvey = x2 at apoint (a, &) passes through the origin, then ais:
A)0B)1 C)-1 D)1

Part B: Short Answer Type Questions

Q4. Find the equation of the tangent and normal to the curve y = \(3x - 2) at the point where x = 3.
Q5. Find the point on the curvey = x2 + 7x + 10 at which the tangent is horizontal .

Q6. Show that the function f(x) = 3x* - 4x* + 6 is increasing in (—oo, 0) U (1, o).

Q7. A spherical balloon is being inflated so that its volume increases at arate of 100 cm?/sec. Find the

rate of increase of its radius when radiusis5 cm.

Part C: Long Answer Type Questions

Q8. Find the maximum and minimum values of the function f(x) = x3 - 6x2 + 9x + 1 on the interval [0, 4].
Q9. Find two positive numbers whose sum is 60 and whose product is maximum.

Q10. A closed cylindrical tank of volume 2561 m? is to be made. Find the dimensions (radius and height)
of the tank such that the surface areais minimum.

Q1 1. Find the point on the curve y = Vx which is closest to the point (3, 0).
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Part D: Previous Year-Based and Model Questions (CBSE 2023-2025 Style)

Q12. (CBSE 2024) The function f(x) = x* - 4x3 + 10 has local minima at:

Find critical points and classify them using the second derivative test.

Q13. (CBSE 2023) If the slope of the tangent to the curvey = ax2 + bx + c at the point (1, 2) is 5, find the
vaueof aandbgivena+b+c=2.

Q14. (CBSE 2024) A window isin the shape of arectangle surmounted by a semicircular opening. The
perimeter of the window is 10 m. Find the dimensions for which the areais maximum.

Q15. (Model 2025) Show that the function f(x) = x/(x + 1) is increasing on (—1, «).

Q16. The volume of acubeisincreasing at the rate of 9 cm3/sec. How fast is the surface areaincreasing
when the edge is 3 cm?

Part E: Skill-Based Questions (Challenging)

Q17. Find the interval (s) in which the function f(x) = x/(x2 + 1) isincreasing or decreasing.

Q18. Find the minimum distance between the point (0, 0) and the curvey = x2 + 1.

Q19. Find two positive numbers whose product is 256 and whose sum is minimum.

Q20. A coneisbeing formed by folding a sector of acircle. Show that the cone of maximum volumeis

obtained when the radius of the sector is three times the slant height of the cone.

11—
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CHAPTER 7: INTEGRAIs
INTRODUCTION

| F f(x) isderivative of function g(x), then g(x) isknown as antiderivative or integral of f(x)

e, =+ (g0) =f(x) o [fdx=g()
STANDARD SET OF FORMULAS

* Wherecisan arbitrary constant.

n+1

1. [x™ dx =’;+1 +c¢ (n#-1)

2. [dx = X+ c

3. fi dx = loglx| +c

4. Jecosxdx = sinx+c

5. [sinxdx = — cosx+c

6. [sec?xdx =tanx+c

7. [cosec?xdx = —cotx+c

8. [secxtanxdx =secx+c

9. [ cosec x cot xdx = —cosecx + ¢

10. [e* dx =e' +c

11.  [tanxdx =log |secx |+ ¢

12. [ cot x dx = log |sinx |+ ¢

13. [secxdx =log |secx+tanx |+ c
14. [ cosecxdx = log |cosecx —cot x| + ¢
5. 1ixzdx =snlx+c

16. f1+1x2 dx = tan"'x +¢

17. fx\/% dx =sec’lx +¢c

18. [a*dx = loa;a +c

19. f\/iz dx =2Vx +¢

INTEGRALSOF LINEAR FUNCTIONS
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n _ (ax+b)nt1
1. [(ax + b)" dx = et €
1 __ log (ax+b)
2. J— dx =——+c
3. [ sin (ax + b)dx = —s@h) 4 ¢

a

In the same way if ax +b comesin the place of x, in the standard set of formulas, then divide the
integral by a

SPECIAL INTEGRALS

X—a

1. [ dx = = log

x2—a? 2a E|+C
2. faZixZ dx = i log Z—J_rﬂ +c
3. fﬁ dx = itan‘1§+ c
4. fﬁdx = log|x+ Va2 —aZ|+ ¢
5. fﬁdx =log |x+ X2 +a?| + c
6. fﬁ dx = sin™! (§)+ c
7. V@ rad dx =INET @ +% log|x+ Va2 ¥ a¥ +c
8 [Vx?—aZ dx =XVaT—a? ~% log | x + VT —a?| + ¢
9. [VaZz —x2 dx zg a? — x? +a7zsin‘1 (£)+ c
INTEGRATION BY PARTS
1. [uvdx =u[vdx— f(%fvdx)dx

OR

Theintegral of product of two functions = (first function) x integral of the second function — integral
of [(differential coefficient of thefirst function ) x (integral of the second function)]

We can choosefirst and second function accordingto | L AT E wherel - inversetrigonometric
function L - logarithmic function, A - algebraic function

T - trigonometric function E - exponential function
2. [e*(f(x) + f'(x)) dx = e*f(x) + ¢
Working Rulefor different types of integrals

1. Integration of trigonometric function

Working Rule
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(a) Expressthe given integrand asthe algebraic sum of the functions of the following forms

() Sin ke , (ii) coska ,(iii) tan ke, (iv) cot ka , (v) sec ka ,(vi) cosec ke, (vii) sec?ka,  (viii)
cosec? ka , (ix) secka tan kar (x) cosec ka cot ka
For thisusethe following formulae whichever applicable

1+cos 2x
2

(i) sin?x = 1—c¢2)32x (i) cos? x =

... . 3sinx—sin3 .
(i) sin®x = === (iv) cos3x =

3 cos x+cos 3x
4

(v) tan’x =sec?x-1 (vi) cot?x = cosec®™x —1
(vii)2sinxsiny =cos(X—Yy)—-cos(Xx+Y)
(viii) 2cosx cosy =cos(Xx+y)+cos(X—-y)
(ix)2sinxcosy =sin(x+y)+sin(x-y)

(X) 2cosxsiny =sn(x+y)-sin(x-y)

2. Integration by substitution
(@) Consider | = [ f(x)dx

Put x = g(t) so that % =g'(t)
Wewritedx= g'(t)dt. Thusl= [ f(x)dx = [ f(g(t) g'(¢t) dt

(b) When theintegrand isthe product of two functions and one of them isa function g (x) and the
other isk g'(x), wherek isa constant then Put g (x) =t

3. I ntegration of thetypesfax2+bx+c J = ’—ax2+bx+c

In these forms change ax? + bx + ¢ in theform A2+ X2, X2- A2 or A?2- X2
Where X isof theform x +k and A isa constant ( by completing square method)

Then integral can befind by using any of the special integral formulae.

f px+q

N x2+bx+c

In these forms split thelinear px +q = A (ax + bx+c)+pu

4. Integration of the types [ —

2+bx+c

Then dividetheintegral into two integrals

Thefirst integral can befind out by method of substitution and the second integral by
completing square method as explained in 3

i.e toevaluate [ 2L gy = [ABax+b)tp

[ax2+bx+c ax?+ bx+c
2ax+b
= X+
f ax?+ bx+c K f ax2+ bx+c
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) )
Find by substitution method + by completing square method

5. I ntegration of rational functions

In the case of rational function, if the degree of the numerator isequal or greater than degree of
the denominator , then first divide the numerator by denominator and writeit as

N t . R ind .
T = Quotient + ————"_ then integrate

Denominator Denominatior

6. I ntegration by partial fractions

Integration by partial fraction isapplicable for rational functions. There first we must check that
degree of the numerator islessthan degree of the denominator, if not, dividethe numerator by

denominator and write as e _ guotient + —mtmeT_ and proceed for partial fraction of
Denominator Denominatior
Remainder
Denominatior
Sl. No. | Form of therational functions Form of therational functions
1 px+gq A 4 B
(x—a)(x—b) x—a x-—Db
2 px+q A N B
(x — a)? x—a (x—a)?
3. px’+qx+r A N B N C
(x—a)(x—b)x—c) x—a x—-b x-c
4 px’+qx+r A N B . C
(x—a)2(x—b) x—a (x—a)? x-b
S px’+qx+r A N Bx+C
(x—a)(x>+ bx+c) x—a x*+ bx+c
Where x? + bx + ¢ cannot be factorized further

DEFINITE INTEGRATION

Working Rulefor different types of definiteintegrals

1. Problemsin which integral can befound by direct use of standard formula or by transfor mation
method

Working Rule
(). Find the indefinite integral without constant ¢
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(i1). Then put the upper limit b in the place of x and lower limit ain the place of x and subtract the
second value from thefirst. Thiswill betherequired definiteintegral.

2. Problemsin which definiteintegral can be found by substitution method

Working Rule

When definiteintegral isto be found by substitution then change the lower and upper limits of
integration. If substitution is z = @(x) and lower limit integration is a and upper limitis b Then new
lower and upper limits will be ¢(a) and @(b) respectively.

Properties of Definiteintegrals
b b
1. J, F)dx = [ f(t)dt

2. f:f(x)dx = [, f(x)dx. In particular, [ f(x)dx =0

3. [ f(dx=[ f(x)dx+ [ f(x)dx,a<c<b

4 [Pfdx =] f(a+b-x)dx

5. Jy fdx = [ f(a—x)dx

6. [ fdx=[f)dx+ [} f(2a-x)dx

7. [ fdx =2 [ f(x)dx ,if f(2a - x) = f(x) and

=0, if f(2a—x)=—f(x)
8. () [O f(dx=2[f(x)dx,if fisanevenfunction,i.e,if f(-x) = f(x)

(i) f_uaf(x)dx =0, if fisan odd function, i.e., if f(—X) = —f(x)

Problem based on property

f:f(x)dx = fucf(X)dx + fcbf(x)dx’ a<c<b
Working Rule

This property should be used if the integrand is different in different parts of the interval [a,b]
in which function is to be integrand. This property should also be used when the integrand (function
which isto beintegrated) is under modulus sign or is discontinuous at some pointsin interval [a,b]. In
case integrand contains modulus then equate the functions whose modulus occur to zero and from this
find those values of x which lie between lower and upper limits of definite integration and then use the

property.

Problem based on property
foaf(x)dx = foaf(a —x)dx

Working Rule

Let | = [y fF(x)dx
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Then I :foaf(a—x)dx
1) +(2) => 2l = [ fdx + [ f(a—x)dx
=3 @) + fla—x)dx

This property should be used when f(x) + f(a — x) becomes an integral function of x.

Problem based on property
J2 F(x)dx =0,if f(x)isan odd function and [* f(x)dx = 2 f(x)dx, if f(x) isan even function.
Working Rule

This property should be used only when limits are equal and opposite and the function which is
to beintegrated iseither odd/ even

SOLVED PROBLEMS

Evaluate the following integrals

2
1. f% dx

Solution : put 1+logx =t

1
—dx =dt
X

2
[ dx = [ dt

3

- v
=3t¢c
- (1+logx)3 I
3
2. fL dx
V5—4eX—e2x
Solution

Pute* =t thene*dx =dt

e* dt
J t = | =
V5 — 4e* — e2x 5—4t— t2
- dt
T =2+ 4t-5)
- dt
) (2t 4t+4-4-5)

_ f dt
J={(t+2)2-9}
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dt

=J

J32=(t+2)2
— cin—11t2 _ -1 (€F+2
= sin + C = sin (3)+C
5x+3
3. f\/x2+ 4x+ 10 dx
Solution
5x+3 =A(x+4)+B => A=> andB= -7
5
5x + 3 52x+4) -7
dx
VxZ + 4x+ 10 VxZz + 4x + 10
_ (2x+4—) 7
B f\/x2+4-x+1 + f\/x2+4x+10dx
(2x+4) 1
f\/x2+4-x+1 dx +7 f\/x2+4x+10dx
5~ dt 1
Efﬁ g f\/x2+ 4x+4-4+10 dx
= ><2\/_+ 7 [ —r

=5Vx2+ 4x+10 +7log |x+2+ \/x2+4x+10|+C

xtan x

4. N

0 secxttanx

Solution

I—f0

4

xtan x
sec x+tan x

(m—x) tan(mw—x)

Again| = fo sec (m—x)+tan (m—x)
| = frEDtanx
0 secx+tanx

Adding (1) and (2) we get

2=

xtan x frt (mr—x) tan x

sec x+tanx 0 secx+tanx

tanx

dx Usingtheproperty [’ f (x)dx = [, f(a —x)dx

fn' tanx (sec x—tan x)

fﬂ'
0 secx+tanx

= 7 [, (tan x sec x — tan’ x) dx

0 secZx— tan?x

= nfgt(tanxsecx — sec’x + 1)dx

/4
= n[secx—tanx+x]0
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5. [+Vtanx dx [HOTS]
Solution

2t dt

Put tan x =t 2then secx dx = 2tdt =>dx =T

[Vtanx dx = [¢ 2% = 2

1+ t4 1+ t4

= f1+t2 dt (by dividingnr and dr by t?)

(1+2)+ (1- )
= N dt
1+ 1- 1
— 12 12
= ft2+tlz dt +ft2+tlz dt
1 1
= dt + dt
f(t—%) +2 f(t+? -2
_ dv
fu2+2 fvz—z

. 1 1
{ 1% integral put t—- =u, then(l + t—z) dt =du,

2" integral putt+%= v then (1— l)dt=dv}

t2

=—tan~! (l) + zilog |u| +C

V2 V2 V2 v+V2
1 1
= Lean-1(2) 4 Liog |2
= ﬁtan <\/i> +Zﬁlog t+%+\/§ +C
_ o1 g (tP-1 1 2+ 1-vV21t
a \/ftan (\/Et) + t2+1+\/§t| M

tanx+ 1—+/2tanx
tanx+ 1- v 2tanx

PRACTICE PROBLEMS

+C

_ 1 (tanx 1)
\/7 V2 tanx

1 Mark Questions

cos 2x+2sin’x

1. Evaluate: [ = dx. Ans: tanx + ¢
COos“Xx 1
2. Evaluate : [(sin®x — cos?x) dx Ans: —-sin2x +c
(o] 1 T
3. Evaluate: [~ ——dx Ans: o
4. Evaluate: [ cosecx (cot x — 1)e*dx Ans :—e*cosecx + ¢
5. Evaluate:fx+x oax Ans: log(1 + logx) + ¢

2/3 Mark Questions

10x°+10%loge10
10X 4x10

6. Evaluate: [
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10.
11.
12.

13.

14.
15.
16.

17.

18.

19.
20.
21.

22.
23.

24.
25.

26.
27.
28.
29.
30.

e*(1+x)
cos2(e*x)

Evaluate: [

Ans: tan(e*x) + ¢

2. 2
Find : [ ==z Ans: log sec x.cosecx + ¢
SIn X Cos X
R VX . 2gin-1 |2
Evaluate: Find [ == dx Ans: Ssin”! =+ ¢
e? dx
Evaluate: [ o Ans: log 2
Evaluate: [ o2% g2xgy Ans: = e?*tan x + ¢
1+cos2x 2
dx 1 x3
Evaluate.f m Ans: 2 lOg |m| +c
. x*
Find: fmdx
A x2+ + 1 lx— 1] oy |x% + 1] L anix +
ns: —+x+=log|x—1| —- log|x ——tan"'x+c¢
2 29 19 2
. 1 x
Find: [ [log(log x) + (log—x)z] dx Ans:xlog(logx) — Togn +c
Evaluate:flllx cosm x| dx Ans: 2
- T
L [o3x . 3vV5 —2x — A% — 2sin-1 (2
Evaluate: [ =——dx Ans:—3V5 — 2x — x2 — 2sin (\/3) +c
. x2+1 L1 _1 (x*-1
Find [——dx Ans: =tan (\/Ex) +c
N cos O .1 -1 (sina 2 -1 ,
Find: [ arsn) (s—acasze; 4O Ans. — - tan 3 ) + - tan™'(2sind) + ¢
2
Evaluate; [y ———— Ans. =
secx.cosecx )
T x dx T
Evaluate : [, P P Ans: —
T 1 T
Evaluate [ — = dx Ans:
Evaluate : f: — = dx Ans: 290
0 1+sina.sinx 2cos a
Evaluate: fOE(\/tan x + /cot x) dx Ans :\2m
Z sinx+cosx 1
Evaluatef04 or16sinzx Ans: 70 log9

Evaluate:fo1 cot™1(1 — x + x?) dx Ans:—glog 2

5 Marks Questions

sin®x+cos®x

Evaluate: [ ————— dx Ans: tanx —cotx —3x +¢
- SIn“x . COos“Xx
. - dx 6
. 4 - _
Find : fO co%3x 2 sin 2x Ans: 5
Evaluate : [? log sin x dx Ans: — g log2
4 19
Evaluate: [ [|x — 1| + |x — 2| + [x — 3|] dx Ans: —
T i 2
Evaluate: |2 %dx, Ans: —
sin*x +cos*x 16
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WORK SHEET
INTEGRALS
INDEFINITE INTEGRAL
1.Given [ 2*dx= f(x)+c then f(x)=

@ 2% (b)2%loge? (c) e ) 22
log2 x+1
2. Given fm dx isequal to
(a) sin®x - cos?x +c (b) -1
(b) (c) tan x +cot x+ ¢ (d) tan x- cot x +c
cos 2x—cos 20 .
3. f m dx 1s equal to
(a) 2(sin xt+x cos 0) +c (b) 2(sin x- x cos B) + ¢
(c) 2(sin x +2x cos 0) +c (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+3 cosx

[—

Find [
Find [

X+sin x

dx dx
\/35—4x—x2

sin?x—cos?x
—dx

Sll’lX COsXx

Find [

Find [ ——dx

Find [0 F Zf;i:m = dx
Find [ sec’x

Find [ \/m dx

Vtan?x+4

A S I T B e

[E—
=

Find [ e* 1)3
Fmdfsm 1(ZX)dX
. 3—5sinx
Find [ cosx (21x
Flnd ftan X.Se6c X dX

1-tan®x

Find [ sinxlog(cosx) dx
6
Find [

p—
N —

—
AW

sin®x+ cos®x

—
[9)]

sin?x.cos?x
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LONG ANSWER TYPE QUESTIONS

1. Find [ gx
3x +6§(+2
. 1—-tan“x
2 Find [ 1+t4an2x
3
3
4. Find [* cran 1X dx
sm 8X
5 Fmd f\/ﬁ dX
DEFINITE INTEGARL
MCQ’s
Q.No Question Mark
1 f:{; Sec?xdx 1
@-1 (b)/O @1 (d)2
2 f11/3 (X ))(( ) dX is 1
(61)/36 . (b)0 @1 (d)4
3 fO Té[l+9x2 i_[S !
(@) ()= ()m/24 (d)m/4
T E 1
@0 (b) /4 (¢) m/12 (d)m/6
S f_11X17 + x’1 dx is 1
@1 (b)0 (92 (d)4
Problemsfor Practice
All the questions carry 3 marks
1 Evaluatef; - +_sinx

nx

2 Evaluate fo cot 11— x —x?)dx
3Evaluate | (;T / 2(\/tanx + +/cotx) dx

4 Evaluate ff{zlxsinnxldx
5Evaluate | 01 ﬁ;
6 Evauate f3|2x— 1| dx

7 Evaluate f
8 Evaluate [~
n/3 dx

9 Evaluate | /6 TV
10 Evaluate |, /2 2logcosx — logsin2x)dx

+ sinx
2 x%dx

2145%
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All thequestionscarry 5 marks

1 Evaluate f_21|X3 — x|dx
2 Evaluate f_66|x + 3| dx
/2 xsinxcosx
3 Evaluate [, —sin‘*x;-cos‘*x
T Xax
4 Evaluate fO azctoszx+bzsin2x
5  Evauatef ———
tanx+secx
MCQ
1 [l (x2+3)dx is
()8 (b) 25/3 (c)26/3 (d)9
2 Jy sin? xdx is @ (b)g ©%F (d)m
m  dx . s h1 T
3/, —— s @ ()3 (c)e™? (d)2
11-x
4f0 mdx
(a) =2 (b) = (©) 2log2-1  (d) 2log2 +1
5f0n/6 cosx cos2x dx
(@) Ya (b) 5/12 (c) 1/3 (d)-1/12
6 folexji%
(@ 1-m/4 (b)tan~le
(c))tan"le + m/4 (d)tan™le — /4
1 |1-x
7f0 mdx
@7 (b); —1 ©m/2+1 ()0
/2 4+3sinx
8 fO IOg (m)dx
(@) 2 (b) 3/4 ()0 (d) -2
9 [ tan™! =dx
1+x—X
@1 (b) O (©-1 (d)/4
/2 Vtanx .
0 Jy" e 18
(@3 (b) m/3 (c) m/4 (d)m
/2 dx _
1 {TO 1+tanx
@3 (b) /3 (c) m/4 (d)m
12 f_ll sin®x cos?x dx
@0 (b)1 ()2 (d)3

ASSERTION AND REASONING BASED PROBLEMS
In the following questions a statement of assertion Statement 1 isfollowed by statement of reason
Statement 2 Mark the correct choice as

(@ If statement 1 and statement 2 is true and statement 2 isthe correct explanation of 1
(b) If statement 1 and statement 2 is true and statement 2 is not the correct explanation of 1
(©) If statement 1 istrue and statement 2 isfase
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(d) If statement 1 isfase and statement 2 istrue
Now answer the following
1 Statement! [*sin?xdx = 1/4
Statement 11 [ f(x)dx = [} f(a — x) dx
%;‘TX ~12
Statement II [ 02a f(x)dx=2 Oa f(x)dx if f(x)=f(2a-x)

2Statement I | 23
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CHAPTER 8: APPLICATIONSOF INTEGRALS
SOME IMPORTANT RESULTS/CONCEPTS

b b b
% AreaoftheregionPQRSP:.[dA:jydx:'[f(x)dx. -

a a a ___-a--l‘ oL

3
** The area A of the region bounded by the curvex g (y), y-axisand v — ; L
thelinesy = ¢,y =disgivenby A= J'x dy = J.g(y) dy dy = A
x = g(y)
MCQ
X Ank

1 Area of region bounded by y=x3, x axis, x=1 and x= -2 °

(@) -9 sq units (b) -1/4 sq units (c) 15/4 sq units (d)1r4 ‘sq units

2 Areaof region bounded by curvey=x andy = x3is
(&) /2 sgqunits (b) 1/4 squnits (c) 92 sgunits (d) 9/4 sq units

3 The area of the region bounded by the parabolay = x2andy = x| is
(@3 (b)1/2 (c) 13 (d)2

4 The area of the region enclosed by the parabolax? =y, theliney = x + 2 and the x-axis, is
@5/9 (b)9/5 (c)5/6 (d)2/3

5 The area enclosed by the circle x?+y? = 2 is equal to:
(a) 41 sq units (b) 2\2n sq units (c) 4n? sq units (d) 271 sq units

Short Answer type questions (Unsolved)

Q1 Find the area enclosed between curvesy =x2+2,y=x,x=0,x =3

2 Find the area enclosed between curvesy = 4x — x?, 0 < x < 4, x-axis

3 Find the area enclosed between curvesy =x2+2,y=x,x=0,x=3

4 Find the area {(x y): X2+ y? <1< x+ y} {(X,y) X2+ y3< 1< x+y}
5 Find the area enclosed between curvesy =x 3, x=-2,x=1,y=0

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

Long Answer Type Questions::

Q. Find the area of the region enclosed by the parabolax? =y, theliney = x + 2 and the x-axis,
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Sol. From the given equation
x2=yandy=x+2
=>XP=X+2
=x2-x-2=0

= (x-2)(x+1) =0

=Xx=2, x=-1

For the parabola with vertex (0,0) and the axisof parabolais y-axis

A @) B C

X -1 0 1 2

Y 1 0 1 4

For theline y = x+2

A D E C

X -1 0 1 2

Y 1 2 3 4

So the Required area = f_zl(x + 2)dx - f_zl x% dx z | y ¢
292 2 I

=[] EL "‘

Ss-ufe] o3 =

Long Answer Type Questions: (Unsolved)

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

Q2. Fi r;ld thelarea of the region bounded by theliney = 3x + 2, the x-axis and the ordinatesx = -1

andx = 1.

ASSERTION - REASON TYPE QUESTIONS:

Directions: Each of these questions contains two statements, Assertion and Reason. Each of these questions
also has four aternative choices, only one of which isthe correct answer. Y ou have to select one of the
codes (@), (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 isincorrect

(d) Assertion isincorrect, Reason is correct

1. Assertion : The area bounded by the curvey = cosx in | quadrant x=0, and x= g is1sg. unit.

Reason: [2cosxdx = 1

2 Assertion : The area bounded by the curves y = sin x and y = —sin x from 0 to i is 3 sq. unit.
Reason : The area bounded by the curves is symmetric about x-axis.
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CASE STUDY QUESTION :1
The bridge connects two hills 100 feet apart. The arch on the bridgeisin a parabolic form. The highest point
on the bridge is 10 feet above the road at the middle of the bridge as seen in the figure.

Based on the information given above, answer the following questions:

. . 50 x? .
(i) The value of the integral f—soﬁ dxis
(ii) Theintegrand of the integral f_sso x?dxis (even/odd) function
(iii) The areaformed by the curve x? = 250y, x-axis,y =0andy = 10 is sq units.

CASE STUDY QUESTION : 2
In the figure given below O(0, 0) isthe center of thecircle. Theliney = x meetsthe circlein the first
guadrant at point B. Answer the following questions based on the given figure.

Wb
— B _ll —

x A

- 5 M (4v2,0)
(i) The equation of thecircleis
(i) The co-ordinates of B are
(i11) Area of AOBM is sq. units.
(iv) Area(BAMB) = sg. units.
(v) Areaof the shaded regionis Sg. units.

CASE STUDY QUESTION : 3

The Graphs of two functions f(x) = sin x and g(x) = cos x are given below.
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Based on the same, answer the following questions.

() In[0O, =], the curves f(x) and g(x) intersect at x=

(ii) Find the value of [ sin x dx.

(iii) Find the value of [? cos x dx.

(iv) Find the value of | "sin x dx.

ANSWER
MCQ

1.Ans (c)15/4

2. Ans. (a) /2 sgunits

3.

Ans. (c) 1/3

4.Ans (c)5/6 5. Ans. (d) 2x sq units

Short Answer type questions (Unsolved)

1 Ans. 21/2 sq. units
2 Ans. 32/3 5. units
3 Ans. 21/2 sg. units
4 Ans. w/4 -1/ 2 sg. units.
5
Ans. 15/4 sq. units
6 Ans. 4 sg.units

Long Answer Type Questions: (Unsolved)

QL.

2 7. units

Q2.

13/3 sq. units.
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ASSERTION - REASON TYPE QUESTIONS:

1.Ans (@) [Zcosxdx = [sin x|o/% = sing -0 =1
2.Ans. (d)
WORK SHEET
APPLICATIONS OF INTEGRAL
1. Find the area enclosed by curve 4 x? + 9 y?= 36
(a) 611 sq units (b) 4usq units
(c) 911 sq units (d) 3671 sq units
2. The area enclosed between the graph of y = x3 and the lines
x=0,y=1y=8is
@ 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 =
4is
(s) 52/3 sg. units (b) 54/3 sg. units
(c) 56/3 sg. units (d) None of these
4. The Area of region bounded by the curve y? =4x, and its latus rectum above x axis
(@0 sg units (b) 4/3sg units (c) 3/3 sgq units(d) 2/3 sg units
5. The Area of region bounded by curvey=x andy = x%is
(@L1/2 squnits (b) 1/4 sgqunits(c) 9/2 sq units (d) 9/4 sq units
6. The areaenclosed by the circle x?+y? = 2 is equdl to:
(a)4x sq units (b) 2V211 sq units (c) 411 sq units (d) 21 sq units
7. The area of the region bounded by the parabolay = x2andy = [x| is
(@ 3 (b)1/2 (0 13 (d)2
8. Find the area enclosed between curvesy =x2+2 y=x,x=0,x=3
9. 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 curvesy = 4x — x?, 0 < x < 4, x-axis
11. Find the area {(x y): X%+ y? <1< X+ y} { (X,y) : X2+ y’< 1< x+y}
12. Find the area enclosed between y ? = 4ax and its latus rectum
13. Find the area bounded by the curvey = cos x between x =0 and X = 2n
14. . : x? i
Find the area of the region bounded by the curve — + % =1
15. Using the method of integration find the area bounded by the curve |X|+|y| =1
16. Find the area enclosed between curvesy =x 3 x=-2,x=1,y=0
17. Using integration find the areaof theregion x2 + y? = 4 and x = V/3y with x-axisin
first quadrant.
18. In the figure given below O(0, 0) isthe center of the circle. Theliney = x meetsthe circle

in the first quadrant at point B. Answer the following questions based on the given figure.
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(8 M (“\2.(”

(i) The equation of thecircleis

(if) The co-ordinates of B are

(ii1) Area of AOBM is $q. units.
(iv) Ar (BAMB) = Sg. units.
(v) Areaof the shaded regionis

19.
A child cuts a pizzawith aknife. Pizzais circular in shape which is represented by x? +
y? = 4 and sharp edge of the knife is represented by x = v/3y. Based on thisinformation,
answer the following questions.
() The points of intersection of the edge of the knife and the pizza as shown in the figure
are and
(if) 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.
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glx) = cosx f( x) = sinx

/
/
N\ /| \
-r, \_...‘.

kn/An

L
P
)
|

vy
() In[0, =], the curves f(x) and g(x) intersect at x=
(ii) Find the value of [ sinx dx.
(iii) Find the value of écos x dx.
2

(iv) Find the value of [,"sin x dx.

X
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CHAPTER 9: DIFFERENTIAL EQUATIONS

EQUATION CONTAINING d/dx ,d?y/dx? d®/dx® etc.with variables and constantsis called differential
equation.

dy dy _ y 4y _ dy _ x*+y’
Ex-dx = 3x,d =x + Yy, x,dx2+ y 0,and ol
d3y 3d?y 5xdy "
=7x

dx3  dx? + dx

*ORDER AND DEGREE-MAX NO OF DIFFERENTIATION DONE IN DIFF EQUATION IS CALLED ORDER AND MAX POWER OF
THAT DERIVATIVE IS CALLED DEGREE.

1

_Txdy _ 2 |q 4 &Y 2) (dxz) (d y) ;degree and order of diff eq are m and nthenm +

EX: (1) dx2 dx r dx? dx3

n="2°
@ (22) +(2) +sin@)+1=0

d?y _ d?y 2 dy\? _ . dy
4) =t logy = cos3x (5) (ﬁ) + (E) = xsm(a)

(5) if pand g are the order and degree of the differential equation

(d—y)s + 4(3;’:): + ( ) = x then value of p+q is-----------

“ @
(6) The sum of degree and order of differential equatlon + ( ) +14+x=0is---

3
(7)Do the given differential equation have same order degree 6( ’3') +9 (1 + Z—Z) + 5y = x8
YES/NO?

MAKING OF DIFFERENTIAL EQUATION:
(1)Count no of arbitrary equation and do differentiation as many times as no of arbitrary const.

(2)by using given and derivatives done eliminate arbitrary and make afinal perfect differential eq without
any arbitrary.

EX (D5 +%5 =1 QG- +@-k2 =2 y=mx+c

@) v —k)? =4a(x—h)

SOLUTION OF DIFFERENTIAL EQUATION:* Solution is the relation between variables and
constant(arbitrary or fixed) which satisfy given differential equation :there are two types (a)general solution
(includes as many arbitrary as the order of diff equation) (b)particular solution (arbitrary const holds
particular value for special condition)

EX: d—y +y=0 gensol:-y=acosx + bsinx particular solution y= 3sinx + 4cosx
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*# Solution depends on type of differential eq and finally all types converts in separate variable by using
different techniques so understand properly separate variable.

fOFB) +3Z=0,f(x)dx +f(y)dy =0 eicaespvar.

*#(x+ y)Z—i’ + k = 0 typewhen x and y cant saperate then put x + y = v then find dy/dx in terms of
dv/dx then solve by using sap var.EX:(1) Z—z +cos(x+y) +1=0(hintx+y=v)

(@2 +(@x+y+1)?= 0 (hintdx+y+1=1v) (2 +xtan(y —x) = 1 (hint y-x=v).

*# Homogeneous differential equation dy/dx =x"f(y/x) (put y=vx then get dy/dx in terms of dv/dx) and for
type dx/dy put x=vy .

#x2dy + (xy + y?)dx =0 ;ansx?y = c(2x + y).

#The slope of the tangent at (x ,y) to a curve passing through the point (1,7 /4) is given by % = cos (Zy—x) ,then
the equation of the curveis ---------- (hint put y=vx).

# Assertion(A): Equation Z—Z = % Is a homogeneous differential equation of order O .
Reason:To solve adifferential equation of the form Z—z =f (%) ,weputy = vx.

(a) (b) (c) (d)
LINEAR DIFFERENTIAL EQUATION
dy/dx + py = Q ;where P and Q function of x or constant(sol: y(i.f.)=/ Q(i. f.)dx + ¢
i.f=elPdx #dx /dy + Px = Q ;where P and Q are function of'y or constant.then its solution x(i.f.)
=[Q(.f.)dy + ¢ ;where i.f.= e/ P
EX: (1) (1 +x?) Z—z +y =e@ X (hint—divide by (1+x2) both side ).

1
(2)% +logx .y = xe*x 2"°9% (x>0)at x=2 .

(3) if y(x) satisfies the differential equation Z—i — ytanx = 2xsecx and y(0) = 0 then
2 2
@y~ By T +2.=
2 2
)Y 55 @)y
(4)Case based
If an equation is of the form dy/dx +Py =Q ;where P and Q function of x or constant then such
equation is known as lineaer differential equation.its solution is : y(i.f.)=/ Q(i. f.)dx + ¢ where
i.f=efPax
Now suppose (1+sinx)dy/dx +ycosx +x =0
Based on above information answer the following
(1) The value of P and Q resp are-----
(i)  Find LF.
(iii))  Find the solution of DE.
(iv)  Ify(0)=I theny equals
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CASE BASED

Covid 19 vaccines are delivered to 90k senior citizensin a state the rate at which covid -19 vaccines are
givenis directly propotional to the no of senior citizen who have not been administered the vaccines.by the
end of 3@ week ¥ th number of senior citizen have been given the covid 19 vaccines .how many will have
been given the vaccines by the end of 4" week can be estimated using the solution to the differential
equation

Z—z = k(90 — y) ,where x denotes the number of weeks and y the number of senior citizens who have been

given the vaccines .based on above information solve following question .
Q1.The order and degree of the given differential equation are:

alandl b.2andnotdefined clandO dOand 1
Q2.Which method of solving a differential equation can be used to solveZ—Z = k(90 — y).

aVariable saparable b.Homogeneous differentia eq.

c.Solving linear d.All of the above

Q3.The genera solution of the differential equation dy/dx=k(90-y),
alog(50 —y)=kx+c b. —log(90 —y) = kx + ¢
C.log(90 —y) = log(kx)+c d.50 -y =kx+c

Q4.The value of C in the particular solution given that y(0) = 10 and

k =.025is
1
a.log10 b.log(%) c.log80 d.80

Q5.Which of the following solutions may be used to find the number of senior citizens who have been given
covid -19 vaccines ?

a.y=90—e"* b.y=90—e* c.y=90(1—e %) d.y =90(1 — e*¥)
END

SOLUTION:-
Detailed Solutions of Case based 2
Q1. The order and degree of the given differential equation are:

Given the differential equation:Z—i = k(90 — y)

Thisisafirst-order differential equation as the highest derivative isZ—z.
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Degreeis 1 since dy/dx israised to the power 1 and is not under any root or function.

Answer: (a) Order = 1, Degree=1
Q2. Which method of solving adifferential equation can be used to solve dy/dx = k(90 - y)?

ThisequationislinearintheformZ—z + ky = 90k or‘;—i’ = k(90 — y), and can also be separated.

Hence, all three methods apply:

- Variable separable

- Homogeneous (though less direct)
- Linear differential equation

Answer: (d) All of the above
Q3. The genera solution of the differential equation dy/dx = k(90 -y) is:
Separate variables:
4y kd
—_—— X
(90 — )
Integrating both sides:
f ! dy = [kd
90—y @~ x
= —Inl90 — y| = kx + C
= n|90 — y| = —kx + C
=90 —y = Ce™™
=y =90 — Ce™™

Q4. The value of Cinthe particular solution given a condition (say y(3) = 67.5):

From the general solution: y = 90 — Ce™*
Usey(3) = 67.5 = 67.5 = 90 — Ce 3k
= Ce3% = 90 — 67.5 = 22.5

Therefore, ¢ = 22.5 e3k

Q5. Which solution helps estimate how many citizens have been vaccinated by end of 4th week?

The differential equationis 2> = k(90 — ).
From the general solution: y = 90 — Ce~**, and using datalike y(3) = 67.5,
we can compute C and predict y(4) by substituting x = 4.

So, solutiony = 90 — Ce™** isused to estimate future vaccination count.

Solutions of Linear Differential Equations

Q6. ldentify Pand Q in theequation (1 + sinx)z—z + ycosx + x =0
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Rewrite in standard linear form: Z—i’ + P(x)y = Q(x)

d cosx -X
I
dx 1+ sinx 1+ sinx
cosx x
Therefore, P = ———,Q = ———
1+ sinx 1+ sinx

cosx

Q7. Find the Integrating Factor (IF) for Z—z + P(x)y = Q(x)withP(x) =

1+ sinx
Int@l’ﬁl ng FBCtor, IF = efP(x)dx
Let’s integrate P(x):

COSX ]
f—_dx - Letu = 1 + sinx = du = cosx dx
1+ sinx

du )
= J‘j = In|u| = In|1 + sinx|
= [F = elmlt+sindl — 11 4 giny|
So, Integrating Factor (IF) =1 + sinx

Q8. Solve the differential equation: 2 + (== )y = ——

1+ sinx 1+ sinx

UsingIF = 1 + sinx:
General solution: y(IF) = [ Q(IF)dx + C
=yl + sinx) = [(—x)dx+ C = _"2_2+ C

4| Therefore, the solutionis; y(1 + sinx) = _x + C
4 y 2
Q0. Find particular solutionif y(0) = 1

2
From previous: y(1 + sinx) = ==+ C
Atx = 0,sin(0) = 0,y = 1:
51140 =-0+C=>C=1

2
Final solution: y(1 + sinx) = —= + 1
WORKSHEET
DIFFERENTIAL EQUATIONS
2.\ 3 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\? d?y .
2. The order and degree of the differential equation (E) +4 -, T 5=0is
(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 % - % = 2x?is
1 1
(a) x? (b) x () -+ @ =
4. Find the particular solution of the differential equation Z—z + sec?x.y = tanx.sec?x, given that y(0)
=0.(3)

176



5. Solve the differential equation given by xdy — ydx —/x? + y?dx = 0. (3)
6. Find the general solution of the differential equation :% (xy?) = 2y(1 + x?).
7. Solve the following differential equation :xe” — y + x Z—z = 0.

8. Find the particular solution of the differential equation Z—i = % ,y(1) = 0.

9. Find the general solution of the differential equation

10. e*tany dx + (1 — e*)sec?ydy = 0.

11. Find the particular solution of the differential equation xdx — ye¥v1 + x2dy = 0, given that y = 1,
when x = 0.

12. Solve the differential equation x cos (%) LA Y COS G) + x.

dx
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CHAPTER 10: VECTOR ALGEBRA

InAABC, 4B =i+ j + 2k and AC = 3f — J + 4K. If D ismidpoint of BC, then 4D =
a) 41 + 6k by2i—2j+2k ¢ i—j+k d) 2i+3k

Which of the following vectorsis equally inclined to axes

~

a i+j+k b i—-j+k ¢ i—-j—k d) -i+j-k

The cosine of the angle which the vector V2 i +j + k. makes with y-axisis
1

3l b - o ; d =

4 3

The area of a parallelogram whose diagonal is2i + j — 2k and onesideis 3i+j—k is

a) 3VZunits b) 4V2 units ¢ 6VZ units  d) 6units

If |d=8, bz 3 and |d.bl= 12V3 thenthevalueof |d X b| is
a 12 b 12V3 c) 6 d) 4V3

If 4 b and ¢ are mutually perpendicular unit vectors then the value of [2a + b + ¢|is

a V5 b3 0 V2 d 6

The cosine of the angle which the vector V2 i +j + kK makeswith y-axisis
1 1

a1l b = o - d =

2 4 3

If for non zero vectors dand b , @ X b isaunit vector and |d@|=|b|= V2 , then the angle between
dand b is

a)g b)g 0 =

6

d) -~

If d@, b and ¢ are three vectors such that |d|=3, |b|=4, |¢|=5, and each of them is perpendicular to the sum
of the other two, find |[a”+b"+c|.

10

Show that the vectors 2i—j+K, i—3j~5kK and 3i—4j—4K form the sides of aright-angled triangle.

11

Find the area of the parallelogram whose adjacent sides are determined by the vectors a”=3i+j+4k and
b =—J+K.

12

Ifd=20—j+kb=1+j—2kand @ =1+ 3] —k, find 2 such that d is perpendicular to Ab + ¢

13

Thetwo vectorsj + k and 31 — j + 4k represents the two sides AB and AC, respectively of a AABC.
Find the length of the median through A.

14

If |d| = 8,|b| = 3and |d@ x b| = 12 then find the value of @. b.

15

Find the value of A for which the two vectors 2i — j + 2k and 31 + Aj + k are perpendicular.

16

Find the position vector of the point which divides the join of points with position vectors a + b and

2d — b intheratio 1:2.

178




17

Find all vectors of magnitude 10v3 that are perpendicular to the plane of § + 2j + k and —1 + 3] + 4k

18

Find avector # of magnitude 3v2 units which makes an angle of n/4 and 7/2 with y and z - axes,

respectively.

19

Find a vector of magnitude 11 in the direction opposite to that of PQ, where Pand Q arethe points (1,
3, 2) and (-1, 0, 8), respectively.

20

A vector 7 isinclined at equal angles to the three axes. If the magnitude of vector # is 2v/3 units, find

vector 7.

21

A vector 7 has magnitude 14 and direction ratios 2, 3, — 6. Find the direction cosines and components of

7, given that 7 makes an acute angle with x-axis.

22

Ifd=i+j+kandb = j—k findavector¢suchthatd x ¢ = band d.¢ = 3.

23

Find the value of A for which the two vectors 2i — 3 + 2k and 2i — 4] + Ak are parallel.

24

What will bethevalue of (@ x )2 + (d@ % j)? + (d x lAc)Z, for any vector d?

25

If |d@| = 10, |b| = 2 and @ b = 12 thenfind the value of |d x b|.

26

—

If b, arethree vectorssuch that & + b + ¢ = 0, |d@| = 2,|b| = 3,|¢| = 5, then find the value of

+c.d.

Qu
S
Sl
Ay

+

27

If d is any non-zero vector, then find the value of (d. )i + (d./)j + (d. k)k.

28

-\ 2 -\ 2 7
If (@ xb) +(d.b) =144 andd = 4, then find the value of b.
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VECTORS
ANSWER KEY

d 2043k

a i+j+k

b 2

2

a) 3v2 units

a 12

d V6

1

b 2

71_2
C) 5

O| O N|OOIH~| WIN|F

(@+5+2) = |aP +|b| +162+2(@ab+b.c+2a)=50; |a+b+¢| =512

Find the angle between each pair of vectors.

Gxb=50+]—4k
| x b| = Va2

12

d.(Ab+¢8)=0 = A=-2

13

Median [4D] = 1 |31 + 5% = ©*

14

15

16

17

+10(i —j + k)

18

+3i+3)

19

22 33 66
7' Ty

20

Using direction cosines, 7# = +2(i + j + k)

21

Direction Cosines: % % _76 Components of 7 = 4, 6, -12

22

ic=3 =x+y+z=3
5
3’

- 2 2
=bh ox y:§,Z:§

X
ay

a

+ k

ay
Il

J+

wi N
wil N

23

5,
3l
No vaueof 4

24

2|d|?

25

@ x b| =16

26

a.b+b.c+2d= —19

27

Q

28

Use sin%0 + cos?0 =1,b = 3
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WORKSHEET

VECTOR ALGEBRA
1. If|a] = 8, |B| = 3 and |& X B| = 12 then the value of @.b IS
a) 12+/3 by 12 ¢ -12 d) -12v3
2. Area of a parallelogram whose diagonals are along vectors i+ 2k and 2j — 3k is
a) 29 b) %m c) —41+3j+2k d) None of these

3.1f @, b and & are mutually perpendicular unit vectors then the value of |2a + b + é|is
a) V5 b) V3 0 V2 d 6
4. For what value of p, is (i + j + k) p aunit vector ?
3 = b) +1 0 +: d)+V3
5. Which of the following vectorsis equally inclined to axes
a i+j+k by i-j+k o i—-j—k d -i+j-k
6. Show that the vectors 2i—j+K, i—3j~5k and 3i—4j—4Ik form the sides of a right-angled triangle.

70fd=21—j+kb=1+]—2kand é =1+ 3] —k, find 2 such that d is perpendicular to Ab + ¢ .
8. Find a unit vector perpendicular tobotha=3i + 2] + 2k and b =i + 2 + 3k.
9. Find the value of A for which the two vectors 21 — j + 2k and 37 + Aj + k are perpendicular.

10. If |a| = 2, B| = 3 and d.b = 4 then find the value 0f|5. — I;l

11. If the sum of two unit vectorsis aunit vector , prove that the magnitude of their differenceis V3 .

12. Letdand b betwo vectors such that |d@| =3 and |b| :g and @ xb isaunit vector. Then what is the
angle between @ and b ?
13.1fd= i+j+kandb = j—k findavector¢suchthatd x ¢ = b and d.¢ = 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 4B .
OR
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Find the direction cosines of AB .

15.A class X1 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 @ and b are unit vectors and 6 be the angle between then find |d — b|.
(¢)Ifd b and & are unit vectors such that d@.b = d.¢ an angle between b and & is 30° then find k if
d=k(bx?d .
OR

Find the area of the parallelogram formed by a@ and b as diiagonals.
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CHAPTER 11: THREE DIMENSIONAL GEOMETRY

. . . . 11 1 .
1. If the direction cosines of a line are (Z = Z) ,the value of a is

a) 3 b) +3 c) -+V3 d V3
2. Thepoint (x,y,z ) onthe xy-plane divides the line segment joining the points (1,2,3) and (3,2,1) intheratio
a) 3:1 externally b) 3:internally c) 2:1 externally d) 2:1 internally
3. Thelines? =i+j—k+ a(2i+ 3j—6k) and #=2i — j — [ + B(6i + 9f — 18k)
; (Where a and Bare scalar) are
a) coincident b)skew  c)intersecting  d) pardlel
4. The acute angle between the line # = 1 + j + 2k + (i — J) and the X-axis
9 Dy 97 D3 i
5. The two lines x=ay +b ,z=cy +d and x=a’y + b’ , z=c’y + d’ are perpendicular to each other if
a) % + 5 =1 b)% + % =—1 claa+cc’=1 d)aa’+cc’=-1
6.1f aline makes angles «, 8, y then write the value of
cos 20, +cos 2+cos 2y.
7.The x-coordinate of a point on the linejoining the points P(2, 2, 1) and Q(5, 1, -2) is 4. FindsitsZ coordinate

8.Find the cartesian and vector equation of the line which passes through the point (—2,4,—5 ) and pardle to

the line given by

+3 _ y—4 _ 8- f L an =T f e o7
x3 =yT=_—6Z AnS—r=—21+4]—5k+,u(31+5]+6k)

9. Find the coordinates of the foot of perpendicular drawn from the point A (- 1, 8, 4) to  theline joining the points
B(0, -1, 3) and C(2, — 3, — 1). Hence, find the image of the point A in theline BC.

10. That the

lines % = %: Z%S and % = yT_‘Lz ?intersect.Also, findtheir point of intersection.

11.The cartesian equation of alineis6x — 2 =3y + 1 = 2z — 2. Find the direction cosines of the line. Write down the

cartesian and vector equations of aline passing through (2, — 1, — 1) which are parallel to the given line.

12.Find the points on the line % = % = ? adistance of 5 unitsfromthe point  P(1, 3, 3).
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13. AB =31 —j+k and CD = —3i+ 2j + 4k aretwo vector. The position vector of the point A and C are 61 +
7j + 4k and — 9j + 2k , respectively. Find the position vector of point Pon the line AB and apoint Q on the line CD
such that PQ is perpendicular to vector AB and CD

14. Find the angle between the lines whose direction cosines are given by by the  equation 1+m+n=0, m? +n? —

12=0
15. Find the angle between the lines
F=21-5/+k+2A(3i+2j+6k) and 7#=7i—6]—6k+9(i+2)+2k)

16. Define skew lines. Using only vector approach , find the shortest distance between the following two skew

lines.

7= (8+43s)i—(9+16s)j + (10 + 7s)k
and

7# = 15{ + 297 + 5k + t(31 + 8] — 5k)

17. Find the coordinate of the foot of the perpendicular drawn from the point P(0,2,3) to the lines

x+3 _y-1 __ z+4

5 2
SOLUTIONS
1. +V3 2. 3:1 externally 3. Parallel 4. % 5. d)aa’+cc’=-1
6. Ans-(-1)
7.  Hint- z coordinate (0,0, 1) Ans- (-1)

8. Ans-Vector form: # = —2i + 4j — 5k + u(3{ + 5] + 6k)
Cartesian form: "SLZ = =—

9. Hint- direction cosines of AP and direction cosinesBC is perpendicular Ans- (-3 ,-6 10)

A(-1,8 4)
B(0,—1.3) c(Z,-3,-1)

Hint P(x,y,2)

-3

10. Ans-P(3,=,>)
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11. Ans#=20—j—k+ (1 +2j+ 3k)

12. Ans-therequired pointsas (—2,—1,3) or (4,3,7)

13. Ans-3i + 8j+3k, —31—7j+6k

14. Hint-1=-(m+n) Ans-60

15. Hint- use formula angle between two line Ans cosf =—

19
21

16. Ans-14 units

17. Ans-(2,3,-1)

WORKSHEET
THREE DIMENSIONAL GEOMETRY

. . . . 111 )
1. Ifthe direction cosines of a line are (Z o Z) ,the value of a is

a) 3 b) +3 c) -+V3 V3
2. Vector equation of a line is # = (41 — 2j + 5k) + u(i + 3j — 2k) ,the Cartesian form of a line is:

x4 _y+2 __z-5 x+4 _y-2 _ z+5
(a) 1 3 =2 (b) 1 3 -2

x-4 _y+2 _z-5 X+4 _y-2 _ z+5
(0)1_3_2 (d)—1 3

3. Ifaline makes angles g,g and 0 with the positive x, y and z axes respectively, then 0 is
T Y Y Vs
(a) £ (b)+-  (c)only (d) 5 only
4. The acute angle between the line # =  + j + 2k + u(i — j) and the X-axis

a)

NI

b)gi c)% d)g

5. The equation of aline passing through the point (3,-1,5) and parallel to vector (i + 2j — k) is;
@x=t+3, y=2t—1,z=—-t+5

x=t+3 , y=—-2t—1,z= —-t+5

©x=t+3 , y=2t—1,z=1t+5

dx=t—-3 , y=2t—1,z= —t+5

6. . Write the vector equation of the line whose Cartesian equationsis
x+3 _y-5_2+6
2 4 2
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x+2 _ y+1 z—-3

7. Find the points on the line - =5 =5 a adistance of 5 units from the point P(1,3,3).

8. Find the equation of the line passing through the point of intersection of the Iinesf = yT_l =

% and xT_l =Z= Z;—7 and perpendicular to these given lines.

2x+4 _ y+1 _ —22z+6

9. Find the point Q on theline ==

at adistance of 3v2 from the point P(1,2,3).

, . : : +2 -
10. . Find the coordinates of a point where the line xT = YTS = ? cuts YZ- plane.

11. The cartesian equations of alineare 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 thelines# = 3t + 2 — 4k + (i + 2j + 2k) and # =51 — 2j + u(3i + 2j + 6k) are
intersecting. Hence find their point of intersection.
13. Find the shortest distance of the following lines:

P=i+2j+k+aG—j+k) ad #=21—j—k +puRi+j+2k) .
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)

L
A1 0. 0)
a) Find the the direction cosines of AB .
b) Write cartesian equation of the diagonal 0D.
¢) Find the direction ratios of AB and BC .

OR

Show that the lineAB 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.

Two such wires lie along the lines ll:% = 7y;14 = ?
7-7x y-5 6—z
l,: =—=—
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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CHAPTER 12: LINEAR PROGRAMMING
BASIC CONCEPTS

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

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

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

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

4. Feasibleregion: 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. Feasble 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 val ues of

(i1) In case, the feasible region is unbounded, we have:

(&) M isthe 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 isthe 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.

S.N. Questions

1 | If any objective function(Z) have same maximum value at two corner pointsin afeasible region,
then in how many points between these two points Z will be maximum?
a5 b) 3 C) infinite d) only those 2

2 | The corner points of the feasible region in the graphical representation of alinear programming
problem are (2, 72), (15, 20) and (40, 15).1f Z =18x + 9y be the objective function, then

a) Zismaximumat (2, 72), minimum at (15, 20).

b) Z ismaximum at (15, 20), minimum at (40, 15).

¢) Zismaximum at (40, 15), minimum at (15, 20).

d) Z ismaximum at (40, 15), minimum at (2, 72).

3 | Theobjective function Z = ax + by of an LPP if its maximum value 42 at (4 , 6) and minimum
value 19 at (3, 2).Which of the following is true?
aa=9andb=1 b)a=3andb=5 c)a=5andb=2 da=5andb=3

4 | Shown below isalinear programming problem (LPP).
MaximizeZ=x+y
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Subject to the constraints:
Xx+y<l1
-3x+y >3

x>0

y=>0
Which of the following is true about the feasible region of the above LPP?
a) It is bounded.
b) It is unbounded
¢) Thereisno feasible region for the given LPP.
d) Cannot conclude anything from the given L PP.

5 | A linear programming problem deals with the optimization of a/an:
a) logarithmic function b) linear function  ¢) quadratic function d) exponential function
6 | Therestrictionsimposed on decision variables involved in an objective function of alinear
programming problem are called:
a) feasible solutions b) infeasible solutions c) optimal solutions  d) constraints
7 | The maximum value of the objective function Z = 5x + 10y subject to the constraints
x+2y<120,x+y>60,x—-2y>0,x>0,y>01is
a) 300 b) 800 c) 600 d) 400
8 | Theoptimal value of the objective function is attained at the points
a) which are the corner points of the feasible region
b) on x-axis
C) ony-axis
d) none of these
9 | Of thefollowing, which group of constraints represents the feasible region given below ?
AX+2y<76,2x+y=>104,xy=>0
b) x+2y <76,2x+y<104,xy >0
C)X+2y>762x+y=>104,xy=0
dx+2y>762x+y>104,xy=>0 -
10 | Z=8x+ 10y, subjectto 2x +y>1,2x +3y>15,y>2,x >0, y > 0. The minimum value of Z
occurs at
a (45,2 b) (1.5, 4) c) 0, 6) d) (0,5
11 | If thefeasible region of alinear 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.
12 | The number of corner points of the feasible region determined by the constraintsx —y > 0, 2y <
Xx+2,x=>0,y=>0is
a2 b) 3 c)4 d)5
13 | Theobjective function of an LPPis
a) aquadratic function
b) a constant
¢) alinear function to be optimized
d) none of these
14 | Thefeasibleregion isthe set of points which satisfy

a) the objective functions b) some of the given constraints
c) al of the given constraints  d) none of these
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15

A point out of the following pointslie in plane represented by 2x + 3y < 12 is
3 (0,3) b) (3,3) c) (4,3 d) (0,5

16

Feasible region formed by the constraintsx +y < 4,,3x +3y =218, x >0y > 0is
(a) bounded

(b) unbounded

(c) liesfirst and second quadrant

(d) does not exist

17

Which of the following statement is correct?

(a) Every linear programming problem has at least one optimal solution.

(b) Every linear programming problem has a unique optimal solution.

(c) If alinear programming problem has two optimal solutions, then it hasinfinitely many
solutions.

(d) If afeasible region is unbounded, then linear programming problem has no solution.

18

The position of points O (0, 0) and P (2, -3) in the region of graph of inequation 2x - 3y <5 will
be :

(&) Oinside and P outside

(b) O and P both inside

(c) O and P both outside

(d) O outside and P inside

19

In the LPP, x > 0 and y > 0 are called:
a) Additional equations

b) Non-negative constraints

C) Inverse conditions

d) Elimination rules

20

The objective function of alinear programming problem ot
(LPP), Z = 4x + 3y has to be minimised. e

The feasible region of this LPP, along with its constraintsis | ,
shown in the adjacent graph. T
Which constraint, if removed will not affect the feasible et

region? \'I\\., l :

ax+2y =120 A W - -
b) 2x +y > 150 “

c) 3x +4y > 200

d) any of the given constraints, if removed will affect the feasible region.

", = LR

oy
v

21

Minimise Z = 50x + 70y
Subject to the constraints:

2x+y=>8, x+2y>10, X, y=>0

22

Maximise and minimise Z = x + 2y subject to the constraints
X+2y>100
2X—-y<0
2x+y <200
X, y=>0

23

Maximise Z = 15x + 10y, Subject to the constraints
2x +y <40
2x+3y <80 and x,y>0

24

Maximise : P = 40x + 50y, Subject to the constraints
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3x+y<9
x+2y<8
andx>0,y>0

25

Maximize Z = 0.7x +y, Subject to the constraints,
2x +3y <120 ...(3)
2x +y <80 ...(ii)
and x, y >0 ...(ii1)

26

Maximise Z = 7x + 4y, Subject to the constraints,
3x+2y<12, 3x+y<9 andx>0,y>0

27

Maximise Z = 10% of x + 9% of y or Z = 0.1x + 0.09y
Subject to constraints, x +y = 50000
x>yorx—y=>0
X > 20000 and y > 10000

ANSWERS

[EEN

C) infinite

¢) Zismaximum at (40, 15), minimum at (15, 20).
Hint:

Corner points Z=18x + 9y
(2,72 684
(15, 20) 450 (Minimum)
(40, 15) 855 (Maximum)

bya=3,b=5
Hint:
Z=ax+by
As Z has maximum value 42 at (4 , 6), minimum value 19 at (3, 2).
~4a+ 6b =42 -------- @)
3a+2b =19 --------- 2
Onsolving eq".(1) and eq".(2), wegeta=3,b=5

¢) Thereis no feasible region for the given LPP.

b) Linear function

d) Constraints

N[O (0D~

c) 600

Hint:

Draw the graph of equalities and obtain the feasible region.

The corner points so obtained are (60, 30), (40, 20), (60, 0) and (120, 0).

Evaluate the value of Z on the above corner points and we get maximum value of Z is 600 at
(60, 30) and (120, 0).

(00}

a) which are the corner points of the feasible region

(o]

b) x+2y <76,2x+y<104,xy=>0
Hint:
As the shading of equality istowards the origin.

10

d) (0,5)

Hint:

Draw the graph of equalities and obtain the feasible region(which is unbounded).
The corner points so obtained are (0, 5) and (4.5, 2).
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11 | ¢) It will have both maximum and minimum values.
12 |82

13 | c¢) alinear function to be optimized

14 | c¢) al of the given constraints

15

a) (0, 3)

16

d) does not exist

17

(c) If an linear programming problem has two optimal solutions, then it has infinitely many
solutions.

Explanation: If alinear programming problem has two optimal solutions, it means the objective
function is constant along a line segment connecting those two solutions, and every point on that
lineisalso optimal.

18

(&) Oinside and P outside
Hint:
Put O(0, 0) and P(2, -3) inthe given inequation 2x - 3y <5

19

b) Non-negative constraints

20

C) 3x +4y > 200

21 | Theminimum value of Z is 380 obtained at the point (2, 4).
22 | The maximum value of Z is400 at 0(0, 200) and the minimum value of Z is 100 at all the points
on the line segment joining (0, 50) and (20, 40).
23 | The maximum value of Z is 350 at (10, 20)
24 | Pismaximumat x =2 andy = 3and maximum value of Pis 230
25 | Maximumvalueof Zis4lat (30, 20).
26 | Maximumvaueof Zis26at (2, 3).
27 | The maximum value of Z is4900 at (40000,10000)
WORKSHEET
LINEAR PROGRAMMING
SN. MCQs MARKS
1 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
2 The maximum value of Z = 4x +y for aL.P.P., whose feasible region is shown

below is:

a) 50

b) 110
c) 120
d) 170

L (0,50)

= (30,0) A (50,0) X
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In the LPP, x > 0 and y > 0 are called:
a) Additional equations

b) Non-negative constraints

¢) Inverse conditions

d) Elimination rules

If the feasible region of alinear programming problem with objective function Z
= ax + by, is bounded, then which of the following is correct?

a) It will only have a maximum value.

b) It will only have a minimum value.

c) It will have both maximum and minimum values.

d) It will have neither maximum nor minimum values.

SA (2 MARKSEACH)

Minimize Z = 50x + 70y
Subject to the constraints:
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

Maximize : P = 40x + 50y, Subject to the constraints
3x+y<9
Xx+2y<8
andx>0,y>0

ANSWERS

c¢) Corner points of the feasible region

b) (2, 3)

b) 110

b) Non-negative constraints

c) It will have both maximum and minimum values.

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).

O INO|OA(WIN|F-

Pismaximumat x =2 andy = 3 and maximum vaueof Pis 230
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CHAPTER 13: PROBABILITY
ASSERTION-REASONING

Options:

(A) Both A and R aretrue, 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) Alistrue, but Risfalse.

(D) Aisfdse, but Ristrue.

1

Assertion (A): If events A and B are mutually exclusive, then P(A N B) = 0.
Reason (R): Two mutually exclusive events can occur simultaneously.

2

Assertion (A): For any two independent events A and B, P(A N B) =P(A) x P(B).
Reason (R): If A and B are independent, then the occurrence of one does not affect the probability
of the other.

Assertion (A): If P(A|B) = P(A), then A and B are independent events.
Reason (R): Inindependent events, conditional probability equals the unconditional probability.

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): The conditional probability P(B|A) is defined only when P(A) # 0.
Reason (R): Division by zero is not defined.

Assertion (A): If A and B are independent events, then A and B’ are also independent.
Reason (R): The independence of eventsis not affected by taking complements.

Assertion (A): If A is a subset of B, then P(A N B) =P(A).
Reason (R): The intersection of two eventsis the set of outcomes common to both.

Assertion (A): If P(A U B) =P(A) + P(B), then A and B are mutually exclusive.
Reason (R): For mutually exclusive events, P(A N B) = 0.

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.

10

Assertion (A): Thetotal probability of all elementary outcomes of arandom experiment is 1.
Reason (R): The sample space of arandom experiment is a finite non-empty set.

11

An insurance company believes that people can be divided into two classes: those who are accident
prone and those who are not. The company’s statistics show that an accident-prone person will have
an accident at sometime within afixed one-year period with probability 0.6, whereas this
probability is 0.2 for a person who is not accident prone. The company knows that 20 percent of the
population is accident prone. Based on the given information, answer the following questions:

(i) What is the probability that a new policyholder will have an accident within ayear of purchasing
apolicy?

(ii) Suppose that a new policyholder has an accident within ayear of purchasing apolicy. What is
the probability that he or she is accident prone?

12

A shopkeeper sellsthree types of flower seeds A1, A2 and Az They are sold as a mixture where the
proportions are 4:4:2 respectively. The germination rates of three types of seeds are 45%,60%,35%.
Based on the given information, answer the following questions:

(i) find the probability of arandomly chosen seed to germinate.

(i1) find the probability that seed will not germinate given that it is of the type Az

13

An item is manufactured by three machines A, B and C. Out of the total numbers of items
manufactured during a specified period,50% are manufactured on A, 30% are manufactured on B,
20% are manufactured on C. 2% of items produced on A, 2% of items produced on B and 3%
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produced on C are defective. All the items are stored at one storeroom.

(i) Oneitemisdrawn at random and is found to be defective. What is the probability that it is
manufactured on machine A?

(if) Oneitemisdrawn at random and is found to be defective. What is the probability that it is
manufactured on machine B?

14

Thereliability of aCOVID PCR test is specified as follows: Of people having COVID, 90% of the
test detects the disease but 10% goes undetected. Of people free of COVID, 99% of thetest is
judged COVID negative but 1% are diagnosed as showing COVID positive. From alarge
population of which only 0.1% have COVID, one person is selected at random, given the COVID
PCR test, and the pathologist reports him/her as COVID positive.

(i) A person is selected at random and tested. What is the probability that he is tested positive?

(i) What is the probability that the ‘person is actually having COVID given that ‘he is tested as
COVID positive’?

15

An electronic assembly consists of two sub-systems A and B. From previous testing procedures, the
following probabilities are assumed to be known:

P (A fals) =0.2

P (B failsaone) = 0.15

P (A and B fail) =0.15

Based on the given information, answer the following questions:

(i) P (A fails/ B hasfailed)

(i) P (A failsalone)

16

40 % students of a college reside in the hostel and the remaining resides out. At the end of the year,
50 % of the hostellers got A grade while from outside students, only 30 % got A grade in the
examination. At the end of the year, a student of the college was chosen at random and was found
to have gotten A grade. What is the probability that the selected student was a hosteller?

17

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

Answer

Correct Answer: (C)
Explanation: Mutually exclusive events cannot happen at the same time, so P(A N B) = 0.
However, the reason is false because it incorrectly states that such events can occur together.

Correct Answer: (A)
Explanation: Thisisthe definition of independence. Both A and R are true and R correctly
explainsA.

Correct Answer: (A)
Explanation: When P(A|B) = P(A), it means B has no influence on A — independence. Both A
and R are true and related.

Correct Answer: (A)
Explanation: If P(A) and P(B) are both positive and A N B = 0 (mutually exclusive), then they
can’t also be independent. Hence, both A and R are true, and R is the correct explanation.

Correct Answer: (A)
Explanation: Since P(B|A) =P(A N B) / P(A), P(A) must be non-zero to avoid division by zero. R
explains A correctly.

Correct Answer: (A)
Explanation: If A and B are independent, then A and not-B (B’) are also independent, by
probability properties. Both A and R are correct and related.

Correct Answer: (A)

Explanation: If A isentirely within B, then the intersection isjust A. So their probabilities are
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equal. R supports A well

Correct Answer: (A)
Explanation: Normally, P(A U B) = P(A) + P(B) — P(A N B). So if the sum equals union, the
intersection must be 0 — mutually exclusive. R explains A correctly.

Correct Answer: (A)
Explanation: Since A has zero probability, the union with B remains the same as P(B). R supports
A correctly.

10

Correct Answer: (B)
Explanation: Thetotal probability isaways 1, but the sample space need not be finite (e.g.,
countably infinite). So R is not the correct explanation.

11

(i) =(ii) 2

12

(i) 0.49 (ii) 0.65

13

(i) (i) =

14

(1)0.01089 (ii) %

15

(i) 1 (i) 0.05

16

17

Ans: 2/15

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 aL.P.P., whose feasible region is
shown below is:

a) 50

b) 110
c) 120
d) 170 -O

E@00) A G0

In the LPP, x > 0 and y > 0 are called:
a) Additional equations
b) Non-negative constraints 1
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c) Inverse conditions
d) Elimination rules

If the feasible region of alinear programming problem with objective
function Z = ax + by, is bounded, then which of the following is correct?
a) It will only have amaximum value.

b) It will only have a minimum value.

c) It will have both maximum and minimum values.

d) It will have neither maximum nor minimum values.

SA (2 MARKS EACH)

Minimize Z = 50x + 70y
Subject to the constraints:
2x+y>8, x+2y>10, x,y>0

Solve the following LPP graphicaly:

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

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

c) It will have both maximum and minimum values.

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).

N0 WIN

Pismaximumat x =2 andy = 3and maximum value of Pis 230
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