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PREFACE

An equation has no meaning, for me

Sir,

unless it expresses a thought of GOD
- Ramanujam
[Statement to a friend]

Respected Principals, Correspondents, Head Masters /
Head Mistresses, Teachers,

From the bottom of our heart, we at SURA
Publications sincerely thank you for the support and
patronage that you have extended to us for more
than a decade.

It is in our sincerest effort we take the pride of
releasing Sura’s Mathematics Guide Volume |
and Volume Il for +2 Standard. This guide has
been authored and edited by qualified teachers
having teaching experience for over a decade in
their respective subject fields. This Guide has been
reviewed by reputed Professors who are currently
serving as Head of the Department in esteemed
Universities and Colleges.

With due respect to Teachers, | would like to mention
that this guide will serve as a teaching companion to
qualified teachers. Also, this guide will be an excellent
learning companion to students with exhaustive
exercises and in-text questions in addition to precise
answers for textual questions.

In complete cognizance of the dedicated role of
Teachers, | completely believe that our students will
learn the subject effectively with this guide and prove
their excellence in Board Examinations.

| once again sincerely thank the Teachers, Parents
and Students for supporting and valuing our efforts.

God Bless all. Subash Raj, B.E., M.8S.
- Publisher
Sura Publications

AU the Pdest
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UNIT CONTENT [ ot | CONTENT
Il Applications of Matrices and Determinants : 3. Theory of Equations
L1 Introduction '3 Introduction
1.2 Inverse of a Non-Singular Square Matrix 1] 3.2 Basics of Polynomial Equations
121 Adjoint of a square Matrix L3211 Different types of Polynomial Equations
1.2.2 Definition of inverse matrix of a square matrix ! 322 Quadratic Equations
1.2.3 Properties of inverses of matrices 1|33 Vieta’s Formulae and Formation of Polynomial
124 Application of matrices to Geometry : Equations
1.3 Elementary Transformations of a Matrix 1331 Vieta’s formula for Quadratic Equations
1.3.1 Elementary row and column operations : 3.3.2. Vieta’s formula for Polynomial Equations
1.3.2 Row-Echelon form 1 (a) The Fundamental Theorem of Algebra
133 Rank of a Matrix | (b) Vieta’s Formula
14 Applications of Matrices: Solving System of : (i) ietas Forlglula tor Polynomial
Linear Equations I . equgtlon(f) lslelgree 3 | Bauat 0
14.1 Formation of a System of Linear Equations : © 9rmat10n of Folynomial Equations wit
1.4.2 System of Linear Equations in Matrix Form ! given Roots
e . . 134 Nature of Roots and Nature of Coeflicients of
1.4.3 Solution to a System of Linear equations 1 . .
: . . ' Polynomial Equations.
(1) Matrix I’nversmn Method : 34.1 Imaginary Roots
(ii) Cramer’s Rule | 342 Irrational Roots
(iii) Gaussian Elimination Method 11343 Rational Roots
1
(*All properties without proof) : 3.6 Roots of Higher Degree Polynomial Equations
|37 Polynomials with Additional Information
= Complex Number > D371 Imaginary or Surds Roots
2.1 Introduct19n to.Comp le.x Numbers 1372 Polynomial equations with Even Powers Only
211 Powers of imaginary unit : 3.7.3 Zero Sum of all Coefhicients
ii Complex lNu;nbers D374 Equal Sums of Coeflicients of Odd and Even
2.1 Rectangular form X
powers
22.2 | Argand plane 38 Polynomial Equations with no additional
223 Algebraic operations on complex number ' information
2.3 Basic Algebraic Properties of Complex : 3.8.2 Reciprocal Equations
Numbers 1139 Descartes Rule
231 Properties of complex numbers : 3.9.1 Statement of Descartes Rule
2.4 Conjugate of a Complex Number 1392 Attainment of bounds
241 Geometrical representation of conjugate of a : (*All properties without proof)
complex number ! . : .
242 | Properties of Complex Conjugates S Inverse Trigonometric Functions
25 Modulus of a Complex Number R Introduction
25.1 Properties of Modulus of a complex number 1|42 Some Fundamental Concepts
252 | Square roots of a complex number L 421 Domain and Range of trigonometric functions
26 Geometry and Locus of Complex Numbers ' | 422 | Graphs of functions
(*All properties without proof) 1 [42.3 Amplitude and Period of a graph
1
1
1
1
1
1
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UNIT CONTENT 1| UNIT CONTENT
42.4 Inverse functions L [551 Parametric equations
4.2.5 Graphs of inverse functions 56 Tangents and Normals to Conics
43 Sine Function and Inverse Sine Function 1561 Equation of tangent and normal to the parab-
4.3.2 Properties of the sine function | ola
433 The inverse sine function and its properties : y* = 4ax (without proof)
4.4 The Cosine Function and Inverse Cosine , | 562 Equations of tangent and normal to Ellipse and
Function ! Hyperbola (without proof)
442 Properties of the cosine function : 5.6.3 Condition for the line y = mx + ¢ to be a tan-
443 | The inverse cosine function and its properties | | gent to the conic sections (without proof)
4.5 The Tangent Function and the Inverse Tangent | ! >7 Real life Applications of Conics
Function A Parabola
452 | Properties of the tangent function ! 57.2 | Ellipse
4.53 The inverse tangent function and its properties | 1 5.7.3 Hyperbola
4.6 The Cosecant Function and the Inverse Cose- : 5.7.4 Reflective property of parabola
cant Function 1375 Reflective property of Ellipse
4.6.2 The inverse cosecant function | (*All properties without proof)
4.7 The Secant Function and Inverse Secant Func- :
tion LG Applications of Vector Algebra
4.7.2 Inverse secant function 1]6.1 Introduction (Theorems 6.1 -6.23-without
4.8 The Cotangent Function and the Inverse Co- | proof)
tangent Function ! 6.2 Geometric Introduction to Vectors
4.8.2 Inverse cotangent function |63 Scalar Product and Vector Product
4.9 Principal Value of Inverse Trigonometric . 631 [ Geometrical interpretation
Functions 1 [632 Application of dot and cross products in plane
(*All properties without proof) : Trigonometry
5. Two Dimensional Analytical Geometry-I1 : 6.3.3 Application of dot and cross products in Ge-
5.1 Introduction (Theorem 5.1-5.5 without proof) | 1 ometry
5.2 Circle | 6.3.4 Application of dot and cross product in Physics
52.1 | Equation of a circle in standard form ! 6.4 Scalar triple product
522 | Equations of tangent and normal ata point P | [&#1 | Properties of the scalar triple product
on a given circle (without proof) | 6.5 Vector triple product
52.3 Condition for the line y = mx + ¢ to be a tan- |66 Jacobi’s Identity and Lagrange’s Identity
gent to the circle x* + y? = a and finding the | 6.7 Application of Vectors to 3D Geometry
point of contact (without proof) 1| 67.1 Different forms of equation of a straight line
5.3 Conics 672 A point on the straight line and the direction
5.3.1 The general equation of a Conic ! of the straight line are given
5.3.2 Parabola L 673 Straight Line passing through two given points
533 Ellipse (Theorem 5.3.3-without proof) | 6.7.4 Angle between two straight lines
534 Hyperbola (Theorem 5.3.4-without proof) 1 | 6.7.5 Point of intersection of two straight lines
5.4 Conic Sections 676 Shortest distance between two straight lines
5.4.1 Geometric description of conic section ! 6.8 Different forms of Equation of a plane
5.4.2 Degenerate Forms , | 681 Equation of a plane when a normal to the
5.5 Parametric form of Conics : plane and the distance of the plane from the
1

origin are given
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1
UNIT CONTENT 1 | UNIT | CONTENT
1
6.8.2 Equation of a plane perpendicular to a vector | | |8 Differentials and Partial Derivatives
and passing through a given point 8t Introduction
6.8.3 Intercept form of the equation of a plane 1|82 Linear Approximation and Differentials
6.84 [ Equation of a plane passing through three i [ 822 | Errors: Absolute Error, Relative Error, and
given non-collinear points 1 Percentage Error
6.8.5 Equation of a plane passing through a given 823 Differentials (*All properties without proof)
point and parallel to two given non-parallel I I, Applications of integration
1
686 \I;ector.s fa ol i throueh . : 9.1 Introduction
8. t t t
d.qu.a forof @ pane passing ArOUg tWO gIVER 1 - 4 5 Fundamental Theorems of Integral Calculus
istinct points and is parallel to a non-zero | . .
and their Applications
vector : I Intecral
6.8.7 Condition for a line to lie in a plane | mprop.er T
6.8.8 Condition for coplanarity of two lines : 96 ReductionNEgiiiae
1|97 Gamma Integral
6.8.10 | Angle between two planes X n K
68.11 | Angle between a line and a plane ! 9.8 E\:rllluatlon of Bounded Plane Area by Integra-
68.12 | Distance ofa point from a plane : 9.8.1 Area of the region bounded by a curve, x - axis
6.8.13 | Distance between two parallel planes 1 and the lines x = g and x = b.
(*All properties without proof) i |9.82 | Area of the region bounded by a curve, y- axis
7. Applications of Differential Calculus 1 and the lines y = cand y = d.
. 1
7.1 Introduction 1 [9.83 [ Area of the region bounded between two
7.1.1 Early Developments | curves
7.2 Meaning of Derivatives 1 (*All properties without proof)
7.2.1 ivati !
Der¥vat¥ve as slope 1| 10. Ordinary Differential Equations
7.2.2 | Derivative as rate of change ! Introducti
7.2.3 | Related rates ! proquenon
724 | Equations of Tangent and Normal 1| 102 Differential Equation, Order, and Degree
7.2.5 | Angle between two curves L | 104 Formation of Differential Equations
7.5 Indeterminate Forms . [ 10.4.1 | Formation of Differential equations from Phys-
7.5.1 A Limit Process 1 ical Situations
7.5.2 The I'Hopital’s Rule : 10.42 | Formation of Differential Equations from Geo-
0 % 1 metrical Problems
7.5.3 Indeterminate forms (6 ,—,0x00,00— 00) : 10.5 Solution of Ordinary Differential Equations
o0
' 0. lution of Fi First Degree Dif-
76 Applications of First Derivative , | 106 So ut19n 0 1r§t Order and First Degree Di
o i | ferential Equations
7.6.1 Monotonicity of functions 1 .
. o , | 10.6.1 [ Variables Separable Method
7.6.2 Absolute maxima and minima X - . H Diff
7.6.3 Relative Extrema on an Interva , | 10.6.3 o%'nogeneo.us orm or Homogeneous Ditter-
. . o 1 ential Equation
7.6.4 | Extrema using First Derivative Test ' . . . . .
. L. 10.7 First Order Linear Differential Equations
7.7 Applications of Second Derivative | o ) ) )
7.7.1 | Concavity, Convexity, and Points of Inflection | 1 108 ?plpélcan:).ns of First Order Ordinary Differen-
7.7.2 Extrema using Second Derivative Test : 1@ qu'a tons
C o 10.8.1 | Population growth
7.8 Applications in Optimization ! o
(*All properties without proof) ! | 1082 Radioactive decay
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UNIT CONTENT
10.8.3. | Newton’s Law of cooling/warming

UNIT CONTENT

11.4.5 | Probability density function from Probability
distribution function (*All properties without

10.8.4 | Mixture problems

proof)
11. Probability Distributions
] 12. Discrete Mathematics
11.1 Introduction
12.1 Introduction

11.2 Random Variable

12.2 Binary Operations

11.3 Types of Random Variable
12.2.1 | Definitions

11.3.1 | Discrete random variables

12.2.2 | Some more properties of a binary operation

11.3.2 | Probability Mass Function

12.2.3 | Some binary operations on Boolean Matrices
12.2.4 | Modular Arithmetic

12.3 Mathematical Logic

12.3.1 | Statement and its truth value

11.3.3 | Cumulative Distribution Function or Distribu-
tion Function

11.3.4 | Cumulative Distribution Function from Proba-
bility Mass function

11.3.5 | Probability Mass Function from Cumulative
Distribution Function
11.4 Continuous Distributions

12.3.2 | Compound Statements, Logical Connectives,
and Truth Tables

12.3.3 | Tautology, Contradiction, and Contingency
1234 | Duality

12.3.5 | Logical Equivalence
(*All properties without proof)

11.4.1 | The definition of continuous random variable

11.4.2 | Probability density function

11.4.3 | Distribution function (Cumulative distribution

function) (*All examples and exercise problems for the
11.4.4 | Distribution function from Probability density content mentioned above)
function
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CHAPTER

APPLICATIONS OF
MATRICES AND
DETERMINANTS

y| MUST KNOW DEFINITIONS [N

If |A|# 0, then A is a non-singular matrix and if |A| = 0, then A is a singular matrix.

The adjoint matrix of A is defined as the transpose of the matrix of co-factors of A.

If AB = BA = |, then the matrix B is called the inverse of A.

If a square matrix has an inverse, then it is unique.

Al exists if and only if A is non-singular.

Singular matrix has no inverse.

If A is non — singular and AB = AC, then B = C (left cancellation law).

If A is non — singular and BA = CA then B = C (Right cancellation law).

If A and B are any two non-singular square matrices of order n, then adj (AB) = (adj B) (adj A)
A square matrix A is called orthogonal if AAT = ATA=|

Two matrices A and B of same order are said to the equivalent if one can be obtained from the other
by the applications of elementary transformations (A~B). :
A non — zero matrix is in a row - echelon form if all zero rows occur as bottom rows of the matrix |
and if the first non — zero element in any lower row occurs to the right of the first non — zero entry !

in the higher row.

R I S R S

+

1
+ Therank of a matrix A is defined as the order of a highest order non — vanishing minor of the matrix |
Alp(A)]. !
+ The rank of a non — zero matrix is equal to the number of non — zero rows in a row — echelon form 1
of the matrix. |
+ Anelementary matrix is a matrix which is obtained from an identity matrix by applying only one ,
elementary transformation. Every non-singular matrix can be transformed to an identity matrix by !
a sequence of elementary row operations.. :
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y| IMPORTANT FORMULAE TO REMEMBER |\

+ Co—factor of a; is A;; = (-1) i+ M;;, where Mj; is the minor of a;
+ For every square matrix A of order n, A (adj A) = (adj A)A=[A[1
AAL=ATA =
+ IfAisnon- Si?gular then
: A=
O A= |A|
(i) (AYT=ADT

(iii) (M) = — Al where A is a non — zero scalar.
Reversal law for inverses :
+ (AB)!=B Al where A, B are non — singular matrices of same order.
Law of double inverse :
+ If Ais non - singular, A~ is also non — singular and (A1 = A,
+ If Aisanon - singular square matrix of order n, then

(i) (adj Ayt=adj (AYH= ﬁ A

(i) adj A[=]AP

(iii)) adj (adj A)=|A]""?A

(iv) adj (M) =A""1adj (A) where A is a non — zero scalar

™) ladj (adj A)|=[A[0 D]

(vi) (adj A)T=adj (A")
+ If a matrix contains at least one non — zero element, then p(a) > 1.
+ The rank of identity matrix | is n.

If Aisan m x nmatrix then p(A) <min { m, n}.

+ Asquare matrix A of order n is invertible if and only if p(A) = n.
+ Transforming a non-singular matrix A to the form |, by applying row operations is called

Gauss — Jordan method.
Matrix — Inversion method :

+ The solution for AX = B is X = A™! B where A and B are square matrices of same order and
non — singular

Cramer’s Rule :

A
+ If A=0, Cramer’s rule cannot be applied X, = Kl V Xy = XZ
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Chapter 1 = Applications of Matrices and Determinants o
¢ - ;
EXERCISE 1.1 : o2l |22 -2 1)
_ o _ | -2 2 ) )
1. Find the adjoint of the following : I
- o2 21| |2 2
I R L R —2 2] T |12 1 -2
() 6 2 (i) |3 4 1(iii) 321 2]
EE NS FEE I TR NEE
1 — —
_ -3 4 - - A
Sol. (i) LetA = | o, ! (2+4) - (-4-2) + (4-1)
1
1
a2 =g |-G (o) - (a2
) 6 -3 : +(4-1) —(4+2)+ (2+4)
[Interchange the elements in the leading | - T 6 -6 3
diagonal and change the sign of the elements in ! 1 6 6 3 1
off diagonal] | =5 -6 3 6| ==16 3 -6
' 3 -6 6 36 6
2 31 ! L
(i) LetA=|3 4 1 ! 3 2 2 1
37 9 | ==12 1 =2
T ' |1 2 2
+ 4 1Bl + 3 4 : [Taking 3 common from each entry]
7 2073 2 |37 | o1
310 21 |2 3 | :l 2 1 =2
adj A = |—l7 2| |3 2| |3 7 E 31, 2
3 1‘ ‘2 1‘ ‘2 3‘ 1 2. Find the inverse (if it exists) of the following :
—+ 1
4 111314 3 4 1 511
R 1 R Dl U S
+(8-7)-(6-3) +(21-12)] | 1 =3 9 O, 5 @ (i) 13 4 1
1
= —(6-7)+(4-3)-(14-9)| = 1 i —51 : 21 41 5 3.7 2
ey ceyreon] UL g g a7
11 -1 :
adJA = -3 1 1 : |A|: =2 4‘:6_4:2;,50
| 9 -5 -1 : L -3
1
2 2 1 . ! Since A is non — singular, A~* exists
(i) LetA=|—-2 1 2 andk=§ ! Al = 1 adj A
| =
| 1 -2 2 - A
: : —AN-1(d; \ -3 -4
Since adj (AA)=A""*(adj A) ! Now, adj A =
' 2 2 1 1\ 1 -1 -2
wegetadj |=|- 2 1 2| = (g) : [Inter change the entries in leading diagonal and
3 1 -2 2 | change the sign of elen;entsi4nthe off diagonal]
2 1 ! LA = % L,
adj |[-2 1 2 : o
1 -2 2 :
. Required adjoint matrix :
:
¢
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51 1] ' = 2()-33)+1(9)
(i) LetA= |1 5 1 ! = 2-9+9 =220
115 | Since A is a non-singular matrix, A1 exists
| ! - 1T
Expanding along R, ! +4 1 ‘3 1 ‘3 4
2
Az sP Il s : ! /
= - + 1
s s . adj A = |_[ H IHZ?"
1
= 5025-1)-1(5-D+1(1-5 7 7
1
= 5Q4)-1(@)+1(-4) | P ‘_2 H ‘
1
= 120-4-4=120-8=112#0 4 1 3 1
1
Since A is non singular, A~ exists. : +(8—7) (6 3) (1 12)T 1 =3 of"
r T
Pt ‘1 1| 5‘ =l —(6-7)+(4-3)-(14-9)| =| 1 1 =5
15 | +(3-4)-(2-3)+(8-9)| [-1 1 -1
X J
adj A = _1 ! ‘5 le 11‘ ! 11 -1
> : adjA = |3 1 1
NP | 9 -5 -1
51 711 1 5 :
H(25-1)-(5-1)+(1-5)] ! Now A =[] 2 A
1
= | =(5-1)+(25-1)—(5-1) ! 1 U1 -1
|+(1-5)-(5-1)+(25-1) NN Atz 0
(24 —4 —4]" [24 4 4] ! 9 -5 -1
= |-4 24 4| =|-4 24 -4 !
1 .
4 4 24 4 -4 24| cosoa 0 sina
. ) ' 3. If F(n) = 01 0|, show that
Taking 4 common from every entry we get, X .
6 -1 —1 X —sino. 0 cosa
1 —
adj A=4|-1 6 -1 i [F(o)] " F(- o) [Hy - 2019]
1
1 -1 6 : cosoo 0 sino
., 1 6 -1 - \ Sol. Given that F (ot) = 0 1 0].
wA :madJA_E‘l -1 6 -1 ! —sinot 0 coso
6 -1 -1 -1 -1 6 : Expanding along R; we get,
1 1
ST I LR 0+ sin 01
o) = cos o - o
-1 -1 6 ! 0 —sino. 0
2 3 17 | =cos o (cos — 0) +sin o (0 + sin o)
— cac? + cin2 o =
(iii) LetA = |3 4 1 o Lossima=1z0 | )
. ince F (o) is a non-singular matrix, [F(o)]”
3 7 5 Since F (o) 1 trix, [F(o)]
. ! exists.
Expanding along R, we get, :
1
4 1 31 3 4 !
Al = 2 - + !
72 132 |37 !
= 2(8-7-3(6-3)+1(21-12) |
3
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o

Now, adj (F(a)) =
) 0 0

cosal| [sina coso

+ +

sin o coso sina

cosa| |[—-sino coso
sin o

0
-(0)
+(cos20c+sin2oc)
-(0)
cosa. 0 +sina]

0 1 0

—sina 0 cosa

sino

0

cosa
0

+(0—sina)

0

b

[F(o)

cosa
0

sinal

o Floy™

[F)]" = 3

[cosa. 0
0

| sinat 0

[ cos (o)

0

| —sin (-a)

Now, F(— o)

[cosa 0
0 1

sino. 0

cosa. O
+
0 1

cosaa O

|
—

01‘

sino O

cosau 0 ‘

—sino. 0

+ (0+sina) !

- (0)
+(cos—0)
—sina
1 0

sinaa 0 cosa

adj (F(o)

0 -sina
1 0
0 cosa
—sino
1 0
cos o,
0 sin(-a)
1 0
0 cos (—a)
—sina
0

cosa

(1)

Q)

['." cosatis an even function, cos (—ot) = cos o and
sin o is an odd function, sin (—ot) = —sino(]

From (1) and (2)
[FloT™ = F (o)
Hence proved.

orders@surabooks.co
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Sol.

Sol.

_ 5 3 2 —_
IfA=| | |, show that A7~ 3A- 71, =0,
Hence find AL,

Gi A 5 3
ivenA=|

5 3 53 25-3 15-6
A2: =

-1 2| |-1 2| |-5+2 -3+4
= 229 AZ-3A-7I
T3 TR

[22 9 5 3 1 0
EN IR EF
[22-15-7 9-9+0 0
| -3+340 1+6—7}:{0

Hence proved.
A2—3A—7I2= 0
Post — multiplying by A™ we get,
A2 AT-3AAT -7, AT =0AT
AAATY -3 (AAH -7(AH=0

[ 1,At=A"and (0)A™=0]
Al-31-7A1=0

=

= [.-AAL=T]
= Al-3I=7A"
1
= A= [A-30 [LAI-A]
1 5 3 1 0
S 2 -3
- 7[[—1 BEH IH
a1 573 3-0]_1f 23
= = — = —
7(-1-0 -2-3 71-1 =5
71-1 =5
, -8 1 4
IfAz; 4 4 7|, provethatAl=AT
1 -8 4
Toprove A = AT
AAT = AAT
It is enough to prove AAT = |
AAT:§447l 1 4 -8
18 4] %)y 7y
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64+1416 -32+4+28 —-8—8+16 T |AB| = 77 +90=13 #0 = (AB) ! exists
—|-32+4+28 16+16+49 4-32-28/ | Al = 15-14=1#0 = A exists
— — -1 H
88416 4-32+28 1+64+16] | Bl = -2+15=13=0= B~ exists
! 1 1(-11 5
: &1 0 0 81 1 0 0 1 0 0 : (AB)—l - |AB| adj (AB) = [ s 7] (1)
=—| 0 &1 O :—1 01 050 1T O|=11
1
0 0 1(]0 0 1 _ 1{2 3
008l : B = |B|(adj B) = [5 _J
Therefore A1 = AT \
§ —4 ! . (s =2) (5 =2
6. If A= 3] verify that A(adj A) = AT = m(adJA)ﬁ 7 3727 3
- 1
(adj A) A=Al L, [Sep.-2020] | Bl = 12 3)5 2
. |8 4 v 135 -1)\-7 3
Sol. Given A = !
-3 ' 1(10-21 —4+49) 1(-11 s ,
adjA = [3 4} ' T 32547 10-3) 71318 7 ~(2)
5 8 | From (1) and (2) it is prove that
[Interchange the elements in the leading diagonal and ! (AB)! = BLAL
change the sign of the elements in the off diagonal] s 4 2
Al = 24-20=4 ! -
q 8 413 4 8. Ifadj(A)=|-3 12 -7, find A.
sA(ad) A) = !
@ A= 5 55 s | 2 0 2
_[24-20 32-327] [4 0 X 2 42
S| -15415 —20+24| |0 4 "'():Sol. Givenadj A=|-3 12 -7
(adj A) (A) [3 4}[8 _4} : N
a =
! 5 8J|-5 3 : We know that A = +——adj (adj A) ...(1)
_[24-20 -12+12] T[4 o ) ! JJadiAl
T [40-40 —20+24| |0 4 "'(): _ 12 -7 13 e
co RdEAI=2 g 51T 2T o
1
IA| |2:4L1) ﬂ = [g ﬂ "_(3)5 [Expanded along R, ]
| =2(024-0)+4(—6-14)+2(0+24)
o, . 1
From (1), (2) and (3), it is proved that | =2(24)+4(=20)+2(24) =48 — 80 + 48
A(adj A) = (adj A) A=]A] ], is verified. : =96-80=16
1
3 2 -1 -3 N dj (adj A
7. IfA= { }and B = { ]verify that 1 o a_J (adj A) .
73 S 2 ! g2 s s
(AB)* =BtAL ! o I
1
32 -1 3 - 4 .
Sol. Given A= andB=1| 5 , | S
73 | 0 22 2 |2 o
3 2-1 -3 [—3+10 —9+4} : 4 2 -4
AB = = 1 + — +
7 5 5 2 -7+25 -21+10 | 12 _7‘ ‘_3 _7‘ ‘_3 12‘
1 - .
7 -5 !
- 18 -11 !
1
¢

orders@surabooks.com Ph:9600175757 | 8124201000



This is Only for Sample For Full Book Order Online or Available at All Leading Bookstores

o

Chapter 1 = Applications of Matrices and Determinants

— [ ] _ _
+(24-0)—(-6-14)+(0+24) | J2 o‘ ‘o oHo 2‘T
X _
= | -(-8-0)+(4+4)-(0-38) ! 0 1j |1 1f |-1.0
_ _(— _ ! o 1|1 11|11 0
+(28-24) (T 14+6)+(24-12) | Now adi(ad) A)= || 1H—1 IH—I o‘
24 20 24 24 8 4 1
- — ! O 1/ (L 1] |1 0
D T : T OHO OHO 2‘
4 8 12 24 8 12 1 L J
L . -
6 2 1 ! 12-0) —0 +(0+2)]" [2 0 27
=4|5 2 2 ...(3): = —(0) +(1+1) —(0) | =0 2 0
6 2 3 ! +(0-2) —(0) +(2-0) -2 0 2
Substituting (2) and (3) in (1) we get, ! 2 0 -2
1 621 | adj (adj A) =|0 2 0
° |11, A= b ow that
4 6 21 6 2 1 | ’ —tan X 1|
A = —|_—Z 5 2 2 =+(5 2 2 1 2% in2x
—sin
6 2 3 6 2 3 : ATAL= | €9 ° .
0 2 0 ! sin2X  cos2X
. - ! [ 1 tan X |
9. Ifadj(A)=| 6 2 —6|,findA". [PTASG] | ¢, A =
. : T | —tanX 1
-3 0 6 . i
_ ! 1 tan X
Sol Given adj (A) 2 22 06 | Al = | _anx 1 |7 Ittan®x=sec’x
ol. iven adj = - I L -
! 1 —tan X
3 0 6 ! adjA = an
| | tan X I
1= + —— (adj (D! |
We know that A + |ade| (adjA) ...(1) | We know, A-L = m Adj A
1
ladj A = 0+2‘6 +0 ! L[ 1 —tanx]_ o [ 1 —tanx
1 = =co0s™ X
-3 6 X sec” x| tan X 1 tan X 1
[Expanded along R,] ! ~ .
! sin X
= 2(36-18)=2(18)=36 ! 1 -
: _ cos? x COS X
. 0O -2 0 0O -2 0] - sin X 1
1 1
LAl +—| 6 2 —6|=+—| 6 2 -6 L COS X
J36 6 ! ) .
-3 0 6 -3 0 6 ! Al cos” X —cosXsinX
| ~ | cosxsinx cos? X
) ) ) ) ) 101 | _ 1 tanX
10. Find adj (adj (A)) ifadjA=| 0 2 0 ! ~ | Ztanx 1
1 0 1 101 : | sin X
| _
Sol. GivenadjA= |0 2 0 ! AT=| COs X
10 1 | sin X 1
| cos X
é
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) sin X T Also,AXB =C
_ s _
ATA L= cos X COS™X  —cosXsmX ! Pre-multiply by A~* we get,
sin X 1 |Leos xsin X cos? X 1 (ATA)XB =A"1C
cos X : - XB =ALC. [- ATA=T]
B COSZX—Sinzx —2sin Xcos X B cos 2X —sin2X : Post Multiply by B—l we get
- 2sinxcosx cos’x—sin’x| | sin2X  cos 2X : (XB)B! =(A1C)B!
12. Find the matrix A for which : = X =(A1C)B™
1 -1
5 3] [14 7 : |A|=‘ ‘=o+2=2¢o
A = ) . 2 0
-1 -2 7 7 I 1 o1
5 3 14 7 : AT = |a] adi A=—[ }
Sol. Given A = ! 21=2 1
-1 -2 77 I 3 =2
s 3 "9 ! B| =‘1 1‘=3+2=5 +0
LetB=|_; _,(andC=|, 4 : 1 12
. e mes ]
~AB =C ! |B| adl s51-1 3
Post multiply by B~ we get ! Atc= L O It 1f_1f 0+2 0+2
1 —
= A =CB*! [ BB'=1]! 112 2 1(2)1 1] [1 1
5 3 ! “2/0 0/ 2"00]7|0 0
Bl =11 - : X = (A1C). B
=-10+3=-7=0 : _[1 1}1[1 2] 1| 1-1 243
. BLexists [0 ofs|-1 3] " 5[0+0 0+0
1 12 -3 \ 1[0 5] 1(5)01 01
Br=gadi B =71 5 ! =500 0] 75 00[700
A =cBt : « {0 1}
1 . =
14 71 (-1) [-2 -3 ! 00
=17 7(\7) 1 5 ! 011 .
2 1] (=1 [—2 -3 1 14. IfA=|1 0 1|, showthatA™*=—(A2-3I).
- 7 — ! 2
- (7) 1 5 ! 110
[2 1} [—2 —3} ! 0 11
- :1 1 L5 :Sol. GivenA = |1 0 1
—4+1 —6+5} {—3 —1} ! 110
- _—2+1 -3+5| "~ -1 2 : 1 1+11 0
301 ! AL =0-1h o 1
A= 2 !
. = 1(O-D)+1(1-0)=1+1=2
. 1 -1 3 2 \ Al = 2#0, hence A~ exist
13. Given A = B - and ! AT = 20, hence A- exists
2 0 11 !
Cz[; ﬂ,ﬁnd a matrix X such that AXB=C. 1
1
L d_{ll}:
Sol. Given A= 5 o ,B= 11 and C = ) :
1
¢
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Cjo 1 ol ool i 2 4
" _ " . Sol. (i) LetA=[_1 2]
1 O 1 0 1 1 1
L1 01 0 1 | Ais a matrix of order 2 x 2
adjA = —‘1 0‘ +1 0‘ —‘1 1‘ | s p(A)<min (2,2)=2
! The highest order of minor of A'is 2
UL tis | 2 _4‘ — 4_a-0
R L U ' I -
— 1
(0-1) —(0-1) +(1-0) - S0, p(A) <2
= |-(0-1) +(0-1) —(0-1) : Next consider the minor of order 1 [2|=2#0
+(1-0) —(0-1) +(0-1) | LpA) = 1
) A = | . -1 3
=11 1 1= 1 a1 1 ! (i) LetA =4 7
11 -1 1 1 -1 ! 3 %
| A'is a matrix of order 3 x 2
-1 1 1 1 . -
Al=21]1 1 (1) | " .
2 L1 1 We find that there is a second order minor,
- 1
| 13 _ L, o
01 1/]0 1 1 : 4_7‘—712 50
NowAz=|1 0 1/ /1 0 1 ! s p(A) = 2.
11 0f|1 10 ! - {1 -2 -1 o}
iii etA=
0+1+1 0+0+1 0+1+0] [2 1 1] ! ) 36 31
~10+0+1 1+0+1 1+0+0|=1|1 2 1 ! Alsamatrlx.oforder(2><4)
0+1+0 1+0+0 1+1+0| |1 1 2| | S p(A)=min (2,4) =2
1] 10 0] [2-3 1-0 1-0] | The highest order of minor of A is 2
A2-3I=|1 2 1[-3|0 1 0|=|1-0 2-3 1-0] ' Itis|. | =-6+6=0
11 2 0 0 1| |1-0 1-0 2-3|" B
! -1 0
-1 1 1 ! Also ‘ =-1+0=-1#0
1 1 ! 1301 )
R 2 — 6 1
=5(a?-3)=5 1 -1 1 - @ S p(A) = 2.
1 1 -1 1 : | - 3
From (1) and (2), it is proved that A% = E[A2—31]: (iv) LetA={2 4 ¢
1 5 1 -1
1
m ! A'is a matrix of order 3 x 3
1
1. Find the rank of the following matrices by , - p(A)=min (3,3) =3
minor method: ! The highest order of minor of A is 3.
2 4 3 : b 4 —6| 2 -6 |2 4
— 1 . — —
i i _ Itis]2 4 —¢|=
O 1 2} @ |47 : < 1‘1 4"%s —1+3‘5 1‘
:1 2 -1 0 3 : [Expanded along R, ]
|
13 6 3 J [PTA-5] | S (—4+6)+2(—2+30)+3 (2 20)
1 2 3 0121 ! =1(2)+2(28) +3(-18)
(lV) 2 4 —6 (V) 0 2 4 3 : =2+56-54=58-54=4+0
. - p(A)=3.
5 1 -1 810 2 .
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01 2 1
0 2 43
&8 1 0 2

Ais a matrix of order 3 x 4

S p(A)<min (3,4)=3

The highest order of minor of Ais 3
01 2
Itis [0 2 4

8 1 0

(v) LetA =

0+0+8(@4-4=0

[Expanded along C, ]

2 1
4 3‘
[Expanded along C, ]
=—8(6-4)=-8(2)=-16#0
L p(A) =3
Find the rank of the following matrices by

row reduction method :
1 11 3

-1 3 4
-1 7 11
-1

Also, [0
8 0 2

0+0-8

(M [PTA-1]

3 8 5 2

(ii) i) | 2 51 4

HD—KMD—KUIN
(]

1 3
sol. (i) LetAa=|2 “1 3 4
-1 7 11

13 11103
—134%0—31—2
107 1 5 -1 7 11
o113
0 3 1 =2
0 -6 2 —4
o113
0 3 1 =2
0 00 0

The last equivalent matrix is in row echelon form
it has two non-zero rows

p(A) =2.

1
A=12
5

R3 —)R3—5R1

R,—>R;—2R:
R

orders@surabooks.com
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1 2 -1
0 LetA 3 -1 2
i) LetA=
(i 1 -2 3
1 -1
1 2 -1] R,»R,-3R, [l 2 -l
3 -1 2 R3_)R3_R1 0o -7 5
A= B ~
I -2 3] R,5R-R, [0 4
1 -1 1 0 -3 2
12 -1 1 2 -1
R,>R,+4 |0 -7 5| R»R,3R, |0 -7 5
_—
0 -1 1 0 -1 1
0 3 2 0 0 -I
1 2 -1 1 2 4
R.>7R.-R, |0 -7 5| R4™2R4Ry 0 7 5
0 0 2 0 0 2
0 0 -1 0 0 0

The last equivalent matrix is in row echelon form
it has two non-zero rows

- p(A)=3
3 85 2
(iii) LetA=| 2 -5 1 4
1 23 =2
R,OR, 1 23 =2
A—) 2 -5 1 4
385 2
R,—>R,+2R, 2=
Lyl 0 -1 7 0
RiSRsHR, | o 0
1 23 =2
_RPRF2 Vo L7 o
0 -1 7 =2
1 23 =2
R,—>R;:-R, 0 1 o
0 00 -2

The last equivalent matrix is in row-echelon
form. It has three non-zero rows.

- p(A)=3
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)
2 -1
EXERCISE 1.3 | Now,|A|:[3 2} _ 44327
1
1. Solve the following system of linear equations 1 . 1
by matrix inversion method: : AT = Jaad A
(i) 2x+5y=-2,x+2y=-3 I 12 1
(i) 2x-y=8,3x+2y=-2 PTA-3] , = 7{_3 2}
(iii) 2x+3y-z=9,x+y+2z=9,3x-y-z=-1 , (T2 1T 8
(iv) X+y+z-2=0,6x-4y+5z-31=0, L~ X=A1lB = ;{_3 2}[_2}
5X + 2y + 27 = 13. : . -
Sol. (i) 2X+5y=—2,x+2y=-3 ! xpo Lo
: : . y| T 7]-24-4
The matrix form of the system is I .
' g 14
I I T S 4P 8 [
S0 2)y) T3 | y| 728 T | T LA
= AX =B where : T
N (2 5] . (_zj I L X=2y =-4
= = 1
b2 -3 | (iii) 2x+3y-z=9,x+y+z=9, Ix-y-z=-1.
x I The matrix form of the system is
1 —
X = y 1 2 3 —-1|x 9
1
I 1 1 = 9
- A-l ! Y| =
= X =A"B : 3 -1 -1z -1
2 5 1
2 3 -1
|A|:‘1 2‘ = 4-5=-1=0. ! o
| 1 = AX =B where A = '
. 112 -5 : 3 -1 -1
. Al = - L L
SA |A| adj A - {_1 2J ! . =
_[2 s ! X=|Y| andB = |9
L2 : z -1
. -2 5][-2 ! = X = A'B
AXEATB = ; 2 3 -1
- ! _l1 1 1l - 1 1 1 1 1 1
4—15} {—11} ! IAI—3 : 1—2_1 I R P e R
= = 4 —_ —_
| —2+6 : [Expanded along R, ]
1
nx=-11,y= 4 | =2(-1+1)-3(=1-3)-1(-1-3)
1 —O0_2( A1 (_ A — =
(i) 2x-y=8,3x+2y=-2 ! —0-3C9 11(14) 112“1 16‘1 T
The matrix form of the system is : ‘_1 _1‘ 3 g +3 _1‘
E I
= 3 -1 2 -1 2 3
30 2]y =] | adj A= —‘ + —‘ ‘
o ! -1 =1 3 -1 3 -
= AX =B whereA = 3 9 ! 3 -1 2 1 2 3
L _ + - +
8 ! | I 1 I 1 1 1
- 1 .
-2 1
- - 1
= X = AlB. 1
1
é
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4 11 -1||-1
0+36—4 321 [2

_ L 360432 Llas| 23
4

16
-36+99+1 64
S X=2,y=3,2=4
(iv) x+y+z-2=0,6x—-4y+52-31=0,
5x+2y+22=13
The matrix form of the system is
11 1][x 2
6 -4 5|y
5 2 2|z 13

N o=
|

1]
W
—_

AX =B where A =

X =

= X = AlB
I 11

IA=[6 —4 5|=1
5 22

= 1(=8-10)—-1(12-25)+1 (12 +20)

-4 5 6 5 |6 —4
-1 +1
2 2 520 |5 2

—1(C18)—1(=13)+1(32)=—18+13+32=27

[ -4 5| 6
J’_ —

2 20 5
11 |1
- +
2 2 5
11 |
-4 5 |6

5 ‘6 —4‘T
+
adj A=

J’_

2
1
2
1
5

orders@surabooks.com
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w A= o] adj A

oLl 26-03413] 2 | 54 =

IftA=| 7 1

r T

+(-8-10) —(12-25) +(12+20)
2-2)  +(2-5)  —(2-9)
I —(5-6) +(-4-6)
[-18 13 32 -18 0 9

1

~X=A1lB = 13 3 1

27
3203 —10}13

-36+0+117 81
y T 27
64 +93-130 27
x=3y =-2,z=1
-5 1 3
—S|landB=
1 -1 1

112
3 2 1/,find
213

the products AB and BA and hence solve the
system of equationsx +y+2z=1,3x+2y +z=7,

2X+y+3z2=2.
-5 1 3 1 1 2
Sol. GivenA=| 7 1 =5 ,B= 321
1 -1 1 2 1 3
-5 1 3|1 1 2
AB = | 7 1 =513 21
1 -1 1|21 3
[—5+3+6 —5+2+3 —10+149
= 7+3-10 7+2-5 14+1-15
| 1-3+2 1-2+1 2-1+3
(4 0 0]
= |0 4 0j=4,
10 0 4]
11 2)[-5 1 3
BA = [3 2 1| 7 1 =5
2 1 3|1 -1 1
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¢

Sol.

[ 54742 1+41-2 3-5+42
— | =15+14+1 342-1 9-10+1
_—10+7+3 2+1-3 6-5+3

So, we get AB=BA=4.1,
1 1
—A - —A| =
~ (a)s <o [ta)
= B! = lA
4

Writing the given set of equations in matrix form
we get,

1 1 2][x] (1]
3 2 1|y = |7
2 1 3 | Z | _2_
o 1
= Bly = |7
Z_ I |
1 _ 1]
1
7| = —A} 7
4
2 - 2_
3711 1——5+7+6_ 8 2
7 1 =5117 Z T7+7-10 :% 4 |= 1
1 -1 1ll2 | 1-7+2 4] |

.'.x—2,y—1,z——1

A man is appointed in a job with a monthly
salary of certain amount and a fixed amount
of annual increment. If his salary was
% 19,800 per month at the end of the first
month after 3 years of service and ¥ 23,400
per month at the end of the first month after
9 years of service, find his starting salary and
his annual increment. (Use matrix inversion
method to solve the problem.)

Let the man’s starting salary be I x and his
annual increment be Y.

By the given data x + 3y = 19800 and x + 9y = 23,400.

The matrix form of the given system of
equations is

orders@surabooks.com

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

Sol.

-

I 3 19800
= AX =B where A 1 9 andB = 23400

- Al
= 3 X A™B
Al=] of=9-3 = 620

1 1[99 -3

LA = Aj2diA=G]
~X = AlB

179 =37[19800
= 6|-1 1||23400
x| 1[178200-70200 1 {108000}
y |~ 6] -19800 +23400 | ~ 6 [ 3600

H ) {18000}

y 600

-~ x =18000, y = 600.

Hence the man’s starting salary is ¥ 18000 and
his annual increment is I 600.

Four men and 4 women can finish a piece
of work jointly in 3 days while 2 men and 5
women can finish the same work jointly in 4
days. Find the time taken by one man alone
and that of one woman alone to finish the
same work by using matrix inversion method.
Let the time by one man alone be X days and one
woman alone be y days

. By the given data,

4 4 1 2.5

~t~ = —and T =-

Xy 3 X ¥y o4

1 1

put X - sland y =t 1
S4s+4t = —and2s+5t= —
3 4

The matrix form of the system of equation is

1
M B
7 5171 = AX = B where
4
1
4 4 3
Az{2 5}andB = |
4
X = AlB
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‘4 4‘ ! (15000
Now [A|=|, 5 = 20-8=12#0 ! and B = | 1000
o I { 5 —4} : 4000
~AT=Ta1adj A= 75 -
A 2 1202 4 N X =A1B
1
1 5 | : 2 4 5
5 413 3 -3 1 =2
AX=AlB= L 31=Ly 3 Al
1212 41| 12]-=2 1 -1 3 1
— —+1 1
4 ! 1 -2 3 2 31
! =2 +4 +5
2 2 1] [L ! 301 -1 1 |1 3
_ L3 312 _ |18 ! =2(1+6)+4(3-2)+50+1)
1
121 L1l = L =2 (D) +4(1)+5(10)= 14+ 4 + 50 = 68.
3 3 12 36 1 .
! _ _
-s—i 11 i | +1—2‘ _‘3—2‘ ‘31‘
'_183)( _18:_ : 3 1 -1 1 -1 3
1 1 1 | adi A= —4 5 N 25 2 -4
=%y = 3g>Y736 | : 3o Tl o3
Hence, the time taken by 1 man alone is 18 days , 4 5 2 5 4
and the time taken by 1 woman alone is 36 days. ! ‘ | 2‘ —‘3 2‘ + 3 ‘
5. The prices of three commodities A, B and C ! i -
are< x,y and z per units respectively. A person Co+(1+6)  -(3-2)  +(9+)) '
P purchases 4 units of B and sells two units | _ _(_4_15) +(2+5) —(6—4)
of A and 5 units of C. Person Q purchases 2 1
units of C and sells 3 units of Aand one unit of | +(8-5) —(4-15) +(2+12)
B. Person R purchases one unit of Aand sells | T7 —1 101" 7 19 3
3 unit of B and one unit of C. In the process, 1o 7 o 121 7 19
P,Q and R earn T 15,000, ¥ 1,000 and ¥ 4,000 , = =
respectively. Find the prices per unit of A, B ! |3 19 14 10 -2 14
and C. (Use matrix inversion method to solve 7 19 3
the problem.) ; Al = Lad'A—L 17 19
Sol. Let the prices per unit for the commodities A, B | N - |A| 1 A= 68 0 - 14
andCbe¥Ix,Tyand T z. ! ~
1
By the given data, I 1 7 19 3|/15000
! - X=A-1lR = —|-=1 7 19(| 1000
2x - 4y + 57 = 15000 v R XEATE = g
3x +y -2z = 1000 X :10 -2 14| 4000
—x + 3y +z = 4000 | | 105000 +19000 +12000
The matrix form of the system of equations is 1 = 3 —15000+7000 + 76000
2 -4 5][x] [15000 I | 150000 — 2000 + 56000
| L
31 —2||y| =] 1000 | . | [1360007 2000
-1 3 1|z 4000 : v = 6 68000 |=| 1000
2 4 5 ¥ ! . | 204000 3000
AX-BwhereA —=| 3 1 2| x=|»| ! - X=2000,y = 1000, = 3000. -
1 3 ] s I Hence the prices per unit of the commodities
| A, B and C are T 2000, ¥ 1000 and ¥ 3000
¢ respectively.
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)
EXERCISE 1.4 - 303 A
: Gi) A= -1 2
1. Solve the following systems of linear equations | 4 3 2
b.yCramersruIe: ! 1 2 ) 1
i X — =0, X -7= I = — _
(i) b5x-2y+16=0, x+3y-7=0 3
3 ) 1 3 2 4 2 4 3
1
(ii) ;+2y=12,;+3y=13 ! = 3(-2-6)-3(4-8)—1(6 +4)
! = 3(=8)-3(-4) - 1(10)
(i) 3x+3y-z=11,2x-y+2z=9, | - _24+12-10=—22
4x + 3y +22 =25 [Hy - 2019] 1 13 )
1 —
(iv) 3 4.2 1-01+2+1 2=0 '
—_————— =1= —t—+——2Z= 1 = —
X y z ‘X y z o A= |9 12
1
) 5 4+1 . | 25 3 2
IVERRVIRRR ! -1 2 |9 2 ]9 -l
Xy z | =11 -3 -
. . 3 2 25 2 25 3
sol. (i) Given A = ‘1 3‘ =15+2=17 | = 11(-2-6)-3(18 —50)— 1(27 + 25)
16 - E — 11 8)-3(~ 32)=1(52)
A= 3=—48+14:—34, = _88+96—52=—44
! 3 11 -1
5 -16 !
A, = =35+16=51 | A =2 9 2
1 7 y
| 4 25 2
R -
= =17 G ! I o I B
A 51 : 25 2 4 2 4 25
- Xz_ﬁ_?’ . = 3(18=50)— 11(4—8)— 1(50 — 36)
B B | = 3(=32) - 11(—4) - 1(14)
Xx=-2,y=3. ! =_-96+44—14=—66
B 1 ! 3.3 11
(ii) Let;—z | A= o1 9
1 4 3 25
S 3z+2y = 12,22+3y=13 1
5 ! -1 9] 2 9 2 -1
_ _9_4=5 , =3 -3 +11
=y 479747 , 3 25 T |4 25 4 3
1 2 : = 3(-25-27)-3(50—36)+ 11(6+4)
Ap = |3 4736-26=10 : = 3(-52) - 3(14) + 11(10)
3 1o : = -156-42+110=-88
A =, 13‘:3924=15 ! =M,
! ) A =22
A 10 1 1
.'.Z:_l - _:2:>_:ZZ>X:— : _ AZ _ —66_
A 5 X 2 ! y =X 573
A 15, :
y—A— = ! Z_ﬁ=—88:4
1 : A =22
X:E,y:S : x=2,y=3,z=4.
:
é
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W) 1 1 1 ®* 2. In a competitive examination, one mark is
iv) Put— = X, —=Y,-=Z ! 1

X y z \ awarded for every correct answer while 1
Weget3X-4Y -2Z=1, X+2Y+Z =2, ! .
OX _BY 47 = —1 ! mark is deducted for every wrong answer. A
s 4 o I student answered 100 questions and got 80
T 1 11 1 2], marks. How many questions did he answer
e | kP B P Rl A correctly ? (Use Cramer’s rule to solve the
2 5 4 i problem). [Qy - 2019]
=3(-8+5)+4(-4-2)-2(-5-4) , Sol. Let x represent the number of question with
=3(-3)+4(-6)-2(-9) : correct answer and Yy represent the number of
— _9_24+18=-15 : questions With Wrong answers.
. By the given data, x+y = 100and ... (1)
1 -4 =2 | 1
1 _— =
A= 91 | 1x 2 y =80
-1 -5 -4 . Multiplying by 4 we get,
! 4x -y = 320 .. (2)
‘2 1 2 1‘ ‘2 2‘ . From (1) and (2)
=1 +4 -2 ! 1 1
| I | e S | N ‘=_1_4=_5
—1(-8+5)+4(-8+1)—2(—10+2) ! 4 -1
=1(-3)+4(=7)-2(-8) | \ 100 1 100 - 320 = — 420
1 = = - — = —
=-3-28+16=-15 - ! 320 -1
1
P | 5, = | 1% =320 400=—80
A=l 20 ! 207 4 320 T T
2 -1 -4 - _
; X m T,
2 1 1 1 1 2 X A
=3 47 4 _22 -1 : andy = ﬁ=_—80=16
=3(-8+1)—1(-4-2)-2(-1-4) ! A S
=3(=7) = 1(= 6)—2(=5) I Hence, the number of questions with correct
e 91 4+6+10=_5 | answer is 84.
_ '"3.  Achemist has one solution which is 50% acid
A=l{ 2 2|=3 +4 +1 ‘ ! and another solution which is 25% acid. How
’ S N e much each should be mixed to make 10 litres
| of a 40% acid solution ? (Use Cramer’s rule
=3-2+10)+4-1-4)+1(-5-4) I to solve the problem).
=38)+4(=5+1(-9) | Sol. Let the amount of 50% acid be x_litres and the
=24-20-9=-5 | amount of 25% acid be y litres
A, —15 1 ! By the given data, x + y =10 .. (1)
.'.X—K:__ls— 1:>;:].Z>X:1 : 50 25 40
I and x| — | +y | —1|=10 | —
A, -5 11 . 100 100 100
Y=—=— = —= _ =— =y= !
AT -15 37y 37 ! - 50 + 25y = 400 = 2X+y =16 ... (2)
A, -5 11 1 !
Z="L=— = — — = — z=3 1
A 15 37 37 | :F 1}:_1
x=1y=3,z=3 I 21
| 10 1
- = =10-16=-6
l X 16 1
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Sol.

i.e., 6 litres of 50% acid and 4 litres of 25% acid
solution to be mixed to get 10 litres of 40% of
acid solution.

A fish tank can be filled in 10 minutes
using both pumps A and B simultaneously.
However, pump B can pump water in or out
at the same rate. If pump B is inadvertently
run in reverse, then the tank will be filled
in 30 minutes. How long would it take each
pump to fill the tank by itself ? (Use Cramer’s
rule to solve the problem).

Let the pump A can fill the tank in x minutes, and
the pump B can fill the tank in y minutes

1
In 1 minute A can fill ; units and in 1 minute B

1
can fill ; units

1
=Db
y

orders@surabooks.com
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5.

Sol.

1] 30 10 30
300 5,
T30 15
Y S I S I
BTN TS T T T X
-2
A, - 1 1
p="2 =1 - L =_ -3
A 15 30 Y 30
-2

Hence the pump A can fill the tank in 15 minutes
and the pump B can fill the tank in 30 minutes.

A family of 3 people went out for dinner in a
restaurant. The cost of two dosai, three idlies
and two vadais is ¥ 150. The cost of the two
dosai, two idlies and four vadais is ¥ 200. The
cost of five dosai, four idlies and two vadais is
% 250. The family has ¥ 350 in hand and they
ate 3 dosai and six idlies and six vadais. Will
they be able to manage to pay the bill within
the amount they had ?

Let the cost of one dosa be ¥ x

The cost of one idli be X y
and the cost of one vadai be ¥ z
By the given data,
2x+3y+2z = 150
2x+2y+4z = 200
bx+4y+2z = 250
2 3 2
LA = |12 2 4
5 4 2
F ﬂ F ﬂ 2 1
=2 -3 +2
4 2 5 2 5 4

=2(4—16) — 3(4 — 20) + 2(8 — 10)
=2(-12) - 3(- 16) + 2(~ 2)
=_24+48-4=20

150 3 2
A =[200 2 4

250 4 2

Taking 50 common from C, and 2 common
from C, we get,

3 3 1
1004 2 2 10032 . 34 2 14 2
= = — +
5 4 4 1 51 5 4
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@

1.

=100[3(2 — 8) — 3(4 — 10) + 1(16 — 10)]
=100[3(~ 6) — 3(~ 6) + 6]
= 100[— 18 + 18 + 6] = 600.

2 150 2 2 3 1

A,=[2 200 4/ =1002 4 2
5 250 2 551

4 2 22 2 4

=100 |2 -3 +1 l
s 1 Cfs 1 55
=100[2(4 — 10) — 3(2 — 10) + 1(10 — 20)]

= 100[2(~ 6) — 3(~ 8) + 1(~ 10)]
= 100[ 12 + 24 — 10] = 100 [2] = 200.

2 3 150 2 3
2 2 2000 =502 2
5 4 250 5 4

24 2 o4 2
=502 -3 +3

A=

N DN BN W

4 5 5 5 75
=50 [2(10 — 16) — 3(10 — 20) + 3(8 — 10)]
= 50[2(= 6) — 3(— 10) +3(~ 2)]

=50 [ 12+ 30 — 6] =50 [12] = 600.
%ﬂo
200
S
%Ozso.

Hence, the price of one dosa be X 30, one idli be ¥10
and the price of 1 vadai be I 30.

Also the cost of 3 dosa, six idlies and six vadai is
=3x + 6y + 62 = 3(30) + 6(10) + 6(30)
=90+ 60+ 180=% 330

Since the family had ¥ 350 in hand, they will be
able to manage to pay the bill.

EXERCISE 1.5

Solve the following systems of linear equations
by Gaussian elimination method :

() 2x=-2y+3z=2,x+2y-2=3,3-y+2z=1.
(i) 2x+4y+6z=22,3x+ 8y + 5z =27,
X+y+2z=2

N

10

orders@surabooks.com

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
é

sol. (i)

@ Sura’s = Xll Std - Mathematics ™ Volume |
Transforming the augmented matrix to
echelon form, we get

2 -2 3|2
1 2 -13 ﬁ,
3 -1 2|1
2 -13] R,»R,-2R, |1 2 -1|3
2 3| R2RSR 6 54
-1 211 0 -7 518
1 2 -13
RORR, o o 5| 4| Ri6RIR,
0 -1 0|4
1 2 -1 3
0 -6 5|4
0 0 -5-20
Writing the equivalent equations from the row-
echelon matrix, we get,
X+2y-z =3 .. (1)
-6y + 5z = -4 .. (2)
=20
-5 = -20=>1z= 3 =4.
Substituting z =4 in 2 we get,
-6y +54) = -4
= -6y +20 = —4=-4-20=-24
24
= = — =4
Y -6
Substitutingy =z =4 1in (1) we get
X+24)-4 =3
= Xx+8-4 =3
= Xx+4 =3
= X =3-4=-1.
X =-1y=4,2=4.
(i) 2x+4y+6z=22,3x+ 8y + 5z =27,
-X+y+22=2
Reducing the augmented matrix to an
equivalent row echelon form by using
elementary row operations, we get
4 622 -1 1 2|2
308 57| R Rs s g ospy
-1 1 2|2 2 4 622
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R,—>R,+3R, L1 200 ! o 3 api] [
- <>
R,—>R;+2R, ' 25 5 1)61|—L"—->|25 5 161
> 0 11 11|33 !
: 1 1 19 9 3 121
0 6 1026 ! R or
RyoRy+11 oy : 3 321 1 1 1] 9
R;>R;+2 0o 1 113 : R 2R=2R o —20 —24)-164
0 3 5013 : 0 -12 -8|-60
1
R,—>R,+4
-1 1 212 : 278 A 1 1 119
R;—R,-3R, slo 1 113 : &) 0 -5 -6/-41
0 0 24 | 0 -3 -2/-15
1 - -
-1 1 22 ! 3
R3—)R3+2 0 1 13 1 R3_)R3__R2 1 1 1 9
! > 0 -5 —6/-41
0 0 12 ! ol 4z
Writing the equivalent equations from the row | 0o 0 —=—
echelon matrix we get, I L 515
—X+y+2z =§ (;): 1 1 1 9
+7 =
U 8: ~RRs Lo o5 6|41
(3)
Substituting (3) in (2) we get,y +2 =3 I 0 0 8 48
= ¥y=3-2=1 | \yitin i i
o _ e g the equivalent equations from the
ﬁglftititgl%z% _ 1; ndz _:2> 1_r1X(-'1_)1v:_e 4g ei, 2 : row-echelon matrix we get,
= —Xx+5 = 2 =N Xx=2-5, atb+c =9 (1)
= X = _3 = X = 3 : - 5b - 6C = -41 (2)
8c =148
Lx=3,y=1,z2=2 | 48
2. Ifax?+bx+cisdividedby x +3,x -5, and | ¢ = 5=6
X — 1, the remainders are 21, 61 and 9 | Substituting ¢ = 6 in (2) we get,
respectively. Find a, b and c. (Use Gaussian ! -  5b-6(6) = 41
elimination method.) [PTA-3] = -5b =36 -41
sol. Let P(x) = ax®+ bx +c¢ | - 5p = —41+36=-5
Given P(-3) = 21 | - b = -5 -1
[.- P(X) + x + 3, the remainder is 21] | 5
= a(-372+b(3)+c =21 i Substituting b = 1, ¢ =6 in (1) we get,
1
= 9a-3b+c =21 (D) atl+6 =9
1 —
Also, P(5) = 61 | = ar7 = g ,
=  aB)?+b(5)+c = 61 : z : .,
. . 1 -
[using remainder theorem] , ~a=2b=1landc=6
= 25a+5b+c = 61 ~(2) . .
and P(1) = 9 . 3. An amount of ¥ 65,000 is invested in three
24 b B ! bonds at the rates of 6%, 8% and 9% per
= al)+bl)y+c =9 I annum respectively. The total annual income
= atb+c=9 ~(3) ! is T 4,800. The income from the third bond
Reducing the augment matrix to an equivalent | is T 600 more than that from the second
row-echelon form using elementary row ! bond. Determine the price of each bond. (Use
operations, we get | Gaussian elimination method.)
é
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Sol. Let the price of bond invested in 6%, 8% and 9% ¢ Substituting y = 15,000 and z =20,000 in (1) we
rates be letI x, Ty and T z respectively get,
. By the given data, X +y +z= 65,000  ...(1) x +15,000 + 20,000 = 65,000
= x + 35,000 = 65,000
6xxx1 N 8x yx1 N Ixzxl _ 4.800
100 100 100 = X = 65,000-35,000
R —
[ Interest = —— ] = x = 30,000
6x 8y 9z 100 Thus the price of 6% bond is T 30,000 the price
= 700 T100 T 100 = +800 of 8% bond is T 15,000 and the price of 9% bond
—  6x+8y+9z = 480,000 ) 15 320,000.
9z 8y 4. Aboy is walking along the path y = ax? + bx+c
Also, 00 600 + 100 through the points (-6, 8),(-2 — 12) and (3,8).
3 9 He wants to meet his friend at P(7,60). Will he
= VL 72 = 600 meet his friend? (Use Gaussian elimination
100 100 method.)
= -8y +9z = 60,000 -3 | sol. Giveny = ax?+bx+c (1)
Reducing the augmented matrix to an equivalent (=6, 8) lies on (1)
row-echelon form by using elementary row ’ )
operation, we get = 8 = a(-6)"+b(-6) +c
1 1 1]65000 = 8 = 36a—-6b+c ..(2)
6 8 9 4,80, 000 (—2, —12) lies on (1)
0 -8 9| 60,000 = 12 = a2’ +b(2) +c
L1 1165.000 = -12 = 4a-2b+c ..(3)
R, >R,—6R, ’ Also (3, 8) lies on (1)
0 2 310,009 = 8 = a(3)?+b(3)+c
0 -8 960,000
= 8 =9a+3b+c ..(4)
R, >R,+4R> I 11165000 Reducing the augment matrix to an equivalent

>0 2 390,000
0 0 214,20,000

row-echelon form by using elementary row
operations, we get,

@ = = = m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = = = = -

Writing the equivalent from the row echelon 36 —6 1 8 R, >9R,—R, 36 -6 1 8
matrix we get, 4 o 112 |Re2ARR F o 10 glq6
X+y+2z = 65,000 (1) 9 31 8 0 18 3 24
2y +2i>z iZOZ,(C;OOOOO -(2) R2—>R2.+4 36 -6 1 8
2T RioRs 73 4 0 -3 229
4,20,000
= Z=T=20,000 0 6 1 8
Substituting z = 20,000 in (2), 36 -6 1| 8
2y +3(20,000) = 90,000 RiDOR* 2Ry 0 3 2|29
= 2y + 60,000 = 90,000 0 0 5/-50
= 2y = 90,000 - 60,000 Writing the equivalent equation from the row
= 30,000 echelon matrix, we get 36a—6b+c=8 ..(1)
30,000 -3b+2c = -29 .2
= y = = 15,000 @)
2 5¢c = 50
=50
= c= — =-10
5
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Substituting ¢ =—10 in (2) we get, 35 )
~3b+2(-10) = 29 3. IfAzL z] B=adjAand C = 34, then 471 =
= —3b-20 = -29 [Govt. MQP-2019]
= -3b = -29+20 1 1 1
N 3p = -9 O3 @ 5 G 7 4 1 )
_ 9 [Ans. (2) =]
= b = _—3 =3 . ] - |A|(n71)2 9
Substituting b = 3 and ¢ =-10 in (1) we get, Hint : |adJ B| _ |adJ(adJ A)| e
36a-6(3)- 10 = 8 c] 3] Ey
= 36a-18-10 = 8
- 36a-28 = 8 AP _ A1
= 36a = 8+28=36 9-1al 9{A] 9
36
= a= % =1 4 1A 1-2 6 0 hen A
~a=1b=3c = -10 : 1 4|7 |0 6| ""AT

Hence the path of the boy is

y = 1(x%) +3(x)-10
= y = x>+3x-10
Since his friend is at P(7, 60),

60 = (7)>+3(7)-10

= 60 = 49+21-10 4
- 60 = 70-10=60 [Ans. (3) L J]
= 60 = 60 Hint AX =B
Since (7, 60) satisfies his path , he can meet his = A = BX ! where

1 2 6 0

X = ,B=
L 4} [0 6}

EXERCISE 1.8

Choose the Correct or the most suitable
answer from the given four alternatives :

1. If Jadj (adj A) | = |A]°, then the order of the
square matrix A is

(1 3 2 4 @3 2 4 5
[Ans. (2) 4]

0 6
:ﬁ/{l O]L 42
0 1 !{{—1 1}
T1 04 214 2
_[0 1}{—1 J{—l 1}
5. IfA= {Z ﬂ,thenglz—A= [PTA - 2]

-1

() AL () AT (3) 3A  (4) 2A"
[Ans. (4) 2A™1]
L 9 0] [7 3
Hint : 91 -A —[0 9}{4 2}
_[o-7 0-3] 2 3] i
“lo-4 9-2 _[—4 7}_“

1 1
But A= m adj A= 5 adj A= adj A=2A"1

A = {6 O]i.ad'(X)
x|

Hint : |adj (adj)A| = |A] @D
(12 = 9= (n-1)2=32

= n-1 =3=n=4

2. If Ais a3 x 3 non-singular matrix such that
AAT = AT Aand B = AIAT, then BBT =
MHmA @B QI (4) BT
[Ans. (3) 1,]
Hint :BBT = (A'AN)(A'ANT
(AflAT) (AT)T_(Afl)T
(ATTAH AAHT=ATAAH) A DT
(AflA), AT (AT)fl [ (Afl)T - (AT)fl
I-1=1 [~ AT.(ATY1=1

*
1
1
1
:
1
1
1
1
1
|
1
1
1
1
1
:
1
1
:
1
1
1
1
1
:
1
1
:
1
1
1
1
1
1

friend who is at P(7, 60) |
1
:
1
1
1
1
1
:
1
1
1
1
1
|
1
1
:
1
1
1
1
1
|
1
1
:
1
1
1
1
1
1
¢
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)
2 0 1 4 12 -17 _
6. IfA= and B= then |adj (AB)| = , 10. If (AB)! = and A= 11 ,
1 5 2 0 | -19 27 -2 3
-1 —
(1) 40 (2 80 (3) 60 (4 20 then B = [Mar. - 2020]
[Ans. (2) -80] , o 2 -5 ) 8 5
] 2+0 8+0 2 8 : 8 32
Hint: — AB =1y, 10 4407|151 4| o) { 1} @) {8 —5}
. { 4 _8} ! 2 1 3 2
a = ! -
k 12 | [Ans. (1)[ i ﬂ]
ladj (AB)| = 8 —88=-80 Vo . -
1 x 0 ! Hint : Since (AB) ' =B'A™!, we get,
| 12 -17 DR
7. 1fP=|1 3 0fisthe adjoint of 3 x 3 matrix ! 15 27| 2 & i
24 A : LetX =BY
Aand |A| =4, then xis I 1
1
M 15 @ 12 3) 14 @ 11 ! Bl=xY1l = [_19 } v |(ad]Y)
[Ans. (4) 11] ' " 711
Hint : [adjA] = |A|™! - = 1{ }
310 Lo : -19 27
1‘ —X +0=4%1 ! [ 12 -17
4 6_2( 2)2 ;22 6+2x =16 | Lz
= 0X()= = —6+2X = . -
— _ 36-34  12-17 2 -5
= 2X =22 = x =11 ! :{_57 4 19 27}: _3 8}
8. IfA=|2 -2 O0landAl=|a, a, a,; | 11. IfAT. AL is symmetric, then A2 = [sep. - 2020]
1
2 -1 83 83 8] ! (1 A™ (2) (AT)?
then the value of a, is [PTA-5] ! (3) AT @) (A2
Mo (@ -2 @ 3 @ -1 ! [Ans : (2) (AT)]
[Ans. (4)-1] | Hint: = ATA1 = (ATAYT
— 2 2 !
Hint: |A| = 3 > 04P %4 ; = (AHT (AN = (AHTA
2| R T | e L O
= 3Q2)-1(2)-1(4+2) = ATAT = (ATHTA
=6+2-6=2 ! _ _
L L = AATSEA
2 |A| co-lactor© a32_2 - 0 [Premultiplying by AT and post multiplying by A
- _ % (0+2):_?2 -1 E on both sides, we get]
T (AT A-1 — AT -1
9. IfA, Band C are invertible matrices of some ! ATAADIA = ATI(AY AlA
order, then which one of the following is not : — (A2 (AA) = AT(ATYL A2
true? | '
(1) adjA=]|AJA ! = (AT (1) = LA?
(2) adj (AB)=(adjA) (adj B) : = (AT? = A?
(3) detA™l=(detA)? !
(4) (ABC)'=cC1BIA !
[Ans. (2) adj (AB) = (adj A) (adj B)] &
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12. If A is a non-singular matrix such that 9
5 3
Al= 5 1 , then (AT)™ =[PTA -1 ;Hy - 2019]

o[
o[17)

5
Hint : (AT)1=(A1)T= {3

5 3
o |3 ]

5 2
(4) { _J

3
[Ans: (4)

N

3
5

13. IfA=

X

N | &

of X is

4
(D 3

G ;

“
[Ans:

A=1[.

-3
(2) 3

Since AT = AL AAT =
orthogonal]

Hint :

>

Wnlhs nlw

3

5

3x

—+

5

X2 +—
25

—12
- =
25

1 tan9

-12
25

5

3

14. IfA= and AB =1

0 1

—tan—
2
(1) (cos %jA (2) (coszngT

(3) (cos?0)I 4) (sin2 ng

[Ans: (2) (cos2

orders@surabooks.com

;

-2
N

and AT = AL then the value

4
5

M) 2

they are

= 0 [Equating a,, both sides]
—4

5

,» then B =

[PTA -3]

o

I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

1
- . _ -1 - — -
Hint : B =A -|A|ade
1 -t 0
- 1 ] AT—(CoszngT
= g A = 2
l+tan2§ tang 1 Secz_
2 2
cosO sinO _ k 0
15. TA=| _Gno coso | AdA@AIA)=] g k|,
then k=
(1) 0 (2) sin® (3) cos® (4) 1
[Ans: (4) 1]
Hint : We know A (adj A) = (adj A)A = |A| I
= A=
cosO sin0
sok= —sin® cosO =cos20 +sin%0 =1
2 3
16. If A= |5 _,| besuch that LA™ = A, then
Ais
1 17 @ 14 3) 19 (4 21
1 [Ans: (3) 19]
Hint : L.— adjA=A
A L
N 1 -2 3] |2 3
- (—4-15)1-5 2] |5 -2
A[-2 3] (2 3]
- 19)-s 2] " |5 2]
A2 3 2 3
- —_ =
195 -2 |5 2]
A
= — = 1=A1A=19
19
_ 2 3 _ 1 -2
17. IfadjA= 4 1 and adj B = 3 1 then
adj (AB) is [Hy - 2019]
| -7 -1 5 -6 5
M 7 -9 @) -2 -10
3 -7 7 4 -6 -2
) -1 -9 @) 5 -10
Ans: (2 ) 5
[Ans:2) |, o]
Hint : adj (AB) = (adj B) (adj A)

LT

Ph:

2-8
—-6+4

B
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1 2 3 4 21. If p(A) =p ([A|B]), then the system AX = B of
. . linear equations is [PTA-6; Mar. - 2020]
18. Therankofthematrix| 2 4 6 8]is . . .
(1) consistent and has a unique solution
-1 -2 3 4 (2) consistent
[Qy-2019] (3) consistent and has infinitely many solution
(1) 1 ) 2 (3) 4 4) 3 (4) inconsistent [Ans: (2) Consistent]
[Ans: (1) 1] + 22. If 0 < 6 < © and the system of equations
o2 3 4] RePR2R oy, x_+(sin 0)y — (cos ©)z = 0, (cos e)_x_—y+z=_0,
Hint: |, 4 ¢ g| R2R+R 000 0 (sin ©)x + y —z = 0 has a non-trivial solution
1 2 3 a 000 0 theng is X s [Qy-2019]
. ; . . T T T T
.. Rankis 1 ['. only one non — zero row] 1 = @ = 3 = “4) -
3 4 6 4
m b a m T
19. Ifxdyb=gmXcyd=gn A = A= , Ans: (4)—
y a y 1 { n d} 2 L n} 1 sin® —cosO : ( )4]
A, = ¢ dl then the values of x and y are ' Hint : A=|cos® -1 1
respectively, [PTA -3; Sep. - 2020] sin® 1 -1

The system has non — trivial solution if |A| =0

(1) e!42/4D ,e(A3/A1) 1 sin® -—cosO
(2) log (A/A,), log(A,/A,) cos® -1 1|=0
(3) log (A,/A)), log(A,/A,)) sin0 1 1
(A1/A3) [ (Ap/A3) . (A1/A3) _(A4/A3)
(4) e € [Ans: (4) e e ] -1 1 . |cos® 1 cos -1
Hint : xayb = gm =1 . —sin0 w0 1 —cos0 im0 1=0
= alogx+blogy =m = 1(1-1)—sin 6 (— cos 6 —sin 0) —cos O (cos O
o +sin 6) =0
Xy =€ = sin 0 cos 0 +sin?0 — cos? 0 — cossin0 =0
= clogx+dlogy =n . = c0s?0 —sin0=0=>cos20 =0
a
putd, = ‘C d‘ =082 0 = cosg {,'cosg:O}
m b a m —=20=— = 0= r
A= n dl A, = ¢ n 2 4
A 23. The augmented matrix of a system of linear

1 2 7 3

equationsis |0 1 4 6 | The system
0 0 A—-7 pu+5
has infinitely many solutions if
(1) A=7,u#-5 () A=-7,u=5
(B) A7, u#-5 (4) L=7,u=-5
[Ans: () A =7, u=-5]
Hint : WhenA=7andu=-5,

it

log x = A_l and log y
3
A A
R = e% andy = e%S
20. Which of the following is/are correct?

(i) Adjoint of a symmetric matrix is also a
symmetric matrix.

(i) Adjoint of a diagonal matrix is also a
diagonal matrix.

(iii) If A is a square matrix of order n and A is a

scalar, then adj (AA) =A" adj (A). b2 75
. Sy _ [A[B] = 01 4 6
(iv) A(adjA)=(adj A) A= |A|l 000 0
(1) Only (i) (2) (i) and (iii) 0(A) = p([AB]) = 2 < 3, the number of
(3) (iii) and (iv) (4) (D), (ii) and (iv) unknowns.

[Ans: (4) (i) (i) and (iv)]

.. The system is consistent and has infinitely

’
1
1
1
:
1
1
1
1
1
:
1
1
1
1
1
:
1
1
:
1
1
1
1
1
:
1
1
:
1
1
1
1
1
1

[Taking log both sides] |
1
:
1
1
1
1
1
:
1
1
1
1
1
:
1
1
:
1
1
1
1
1
:
1
1
:
1
1
1
1
1
1

é many solutions.
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2 - RNy PTA QUESTION & ANSWERS
24. LetA=|"1 2 -lignd4g=| 1 3 x|,
1 -1 2 -1 1 3|, 1 MARK
If B is the inverse of A, then the value of Xis | 1. |fAand B are orthogonal, then (AB)T (AB) is
1
(1 2 24 @) 3 “ 1 ! [PTA-1]
[Ans: (4) 1] M A @B I 4) AT
. L 4 | [Ans: (3) 1]
1
2 -1 1 301 -1 1o o} ! BBT = B™B=1I
-1 2 —1% 1 3 x|=|0 1 0] ! (AB)T(AB) = BTAT (AB)=BT(ATA)B
1 -1 2] |-t 1 3] (00 1] ! = BT(B)=1 | 5 »
la =0 2. The adjoint of 3x3 matrix Pis |1 1 2|,
4 13 1
1 | 2 21
:>Z.[—2—x+3] =0 ! then the possible value(s) of the determinant
1 Pis (are) [PTA - 4]
=-x+1=0x4 = 0 1
N X = 1 ! M 3 @ -3 @) +3 @ +v3
3 -3 4 | N\t [Ans: (3) +3]
1 -
25. IfA=|2 =3 4| thenadj (adjA)isPTA-2] | e |1 | o {421 _4]42[22]
0 -1 1 !
-~ -~ ~ ! 2 2 1
3 -3 4 6 -6 8 | = 1(-3)-2(-3)+0=3+6=9
(1) |2 -3 4 2) |4 -6 8 : Pl = +4J9 =+3
1
:0 -1 :0 -2 2: ! 3. If Ais a 3 x 3 matrix such that |3adj A| = 3
-3 3 -4 3 3 4 | then |A| is equal to [PTA- 5]
By |2 3 4| 4 [0 -1 1 : 1 1 1
- — +— +
01 -1 2 -3 4] ! ey 3 () 3 3) 3 4) £3 |
3 -3 4] , [Ans: (3) 31
i Hint : |3 adj Al =27 |adj A
[Ans: (1) |2 -3 4] ! | J3|_ 27|AJZ |
0 -1 1| . = 21
Hint : adj(adjA) = |A|"2A=|AlA ! I
3 -3 4 ! 91
Al =[2 -3 4 : Al = £3
-1 1 . 4. Let A be a non-singular matrix then which
-3 4 2 4 2 31! one of the following is false [PTA - 6]
=310 4*3o ™o | A
L) (adiA) =
=3(=3+4)+32-0)+4(-2-0) ! (2) lis an orthogonal matrix
= 3(1)+6-8=1 ! (3) adj(adja) =|A"A
3 -3 4 ! (4) If Ais symmetric then adj A is symmetric
s adj(adjA) = LA=A=[2 -3 4 ! [Ans: (3) adj(adjA) = |A]" A]
0 -1 1 : Hint:adj (ade)=|A|“'2A
1
¢
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2 MARKS ! + 268
6 ain 1 2. Findtherankofthematrix| 1 1 -3 -1
— 1
1. Provethat | ™ |isorthogonal. - 15 3 9 21
sin6  cosO 1 4 -2 6 8
[PTA-1] !
_ - 1 Sol. |1 1 -3 -1 [PTA-4]
cos® —sinb 1
Sol. LetA = | | I 15 =3 9 21
sin®  cos6 1
06 —singT" o ol | 1 1 -3 -1
COS —Sin 1
Then, AT = | . =| 0 M RieR, (4 2 68
' sin®  cos0 —sin® cosO | ! S
- = ) ! 15 -3 9 21
cos® —sinO| cosO sin® : 4 3 |
- | sin@  cos0 || —sin® cosO ! R, =R, +(4)R, -
2 in’ in0—si ! R R —15)R
_ cos“0+sin“0 cosOsinb —sinOcosO : 3 3+( ) o _18 54 36
sinBcosO — cosOsin O sin0+cos’0| | R
10 IR, -2 [1 1 =3 -1 11 -3 —1
_ _ ! —6
= [0 J-|2. ! R, 01 -3 —2|R;—»R;—R,0 1 -3 -2
. T , Ry—=—=0 1 -3 2 00 0 O
Similarly, we get A'/A= 1, X —18
Hence AAT= ATA = |,= Alis orthogonal. . 3. Solve by matrix inversion method :
2 3 4 0 | 5X+ 2y =4,7x+ 3y =5.
2. IfA= [1 2] B = [2 5], find adj (AB). ! Sol. Matrix form [PTA - 5]
[PTA-3] AX = B
1
1
2 3[4 0] [84+6 0+15] [14 15] ¢ A:\S 2l,x= x,Bzﬂ
= = = 1
Sol AB=11 9lla 5|7 1444 o+10|" |8 10| 7o LB
: Al = =15-14=1
adj Ay < [0 13 | 7 3
: —8 14 | At |32
: -7 5
3 2 ! X3 —2//4
1. IfA=Lb 2]ﬁnd the value of A so that ! vl T =7 515
— 1
1 —
A=A 2l [PTA-2] 1 X |12 lolzlzl
, 3 273 =2 | b% —28 425 -3
Sol. Ac = L) A -2 : - X _ -2,y:—3 - 1 3
A [ 9, —6+4}_{9_27‘ _2} , 4. Find the adjoint of the matrix A = | , ¢
- - 1
I-20 —2h+4 ho2hra] and verify that A(adjA) = (adjA)A = |A|l.
WA2l = leg 0 ! Sol A b
-21 = - : = PTA- 6
ro=2) o1 20 2 s Aol
! —5 -3
_ |3 2 {2 o}z -2 20| adjA = ]
22 | L0 2 22 -2 1_2 31 .
X 5 _
s=2h = =2 L AadjA) = ' ]
n=1 : 2 5=z 1
1 -5—-6 —3+43| _|-11 0
= = 1
. ~10+10 —6—5] lO —11} )
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. -5 =3|[1 3
(adjA)A = 2 1l s
—5—6 —15+15|_[-11 0
= = (2
-2+42 —6—5] \0 —11} @
Al = b 5-6=-11
A=, 5| =5-6=-
1 0 —-11 0
From (1), (2) and (3)
A(adjA) = (adjA)A= Al
1. Find the inverse of the non-singular matrix
211
A=[3 2 1|,byelementarytransformations.
21 2
[PTA - 6]
Applying Gauss-Jordan method, we get
2 1 1(1 0 0
[Al]I=13 2 1]0 1 0
21 210 0 1
) ()] o0
1 2 2 2
R2H5R13 2 1| 0 10
2 1 2 0 0 1
B B e e
2 2 2
R R IREIRI
R; —»R; —2R,| (2] |2 2
0 0 1| -1 0 1
)
2) (2
R, »2R,[0 1 -1
0 O 1
10 11 2 =1 0
Rzﬂle%RZO 1 —1|-3 2
0 0 1|-1 0 1
1 00 3 -1 —1
R, — R, —R;
R, 5> R4R 01 0|—-4 2 1
2 " 300 1|-1 0 1
3 -1 -1
So, Al=|-4 2 1
-1 0 1
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4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

' GOVT. EXAM QUESTION & ANSWERS

1 MARK

I. Choose the Correct or the most
suitable answer from the given four
alternatives :

1 27
1. If the inverse of the matrix{3 } is

1la b _ ~

— , then the ascending order of
11 |c d

a,b,cdis

(1) ab,cd
(3) cab,d

[Govt. MQP-2019]
(2) d,b,c,a
(4) b,acd
[Ans: (2)d, b, c, a]

1 |5 2
-5-6/-3 1
-1

S 2
s 2 11 11| [a b
T3 1 3 ¢ d

o1
If A'is an orthogonal matrix, then |A| is
[Qy - 2019]
“4) 0
[Ans: (3) £ 1]

Hint : The determinant of an orthogonal matrix is
equal to 1 or -1.

2 MARKS

1. Solve the following system of linear equations
by Cramer’s rule 2x—y =3, x + 2y = -1.
[Govt. MQP-2019]

Hint :

Inverse matrix

2.

M1 @-1 @3+l

3
-1
2 —1|

Sol. 2X -y

X + 2y

A

=2x2-(1) (-1)
=4+1=5
3 -1

L= 2‘=3x2—(—1)x—1

=6-1=5

‘:—2—3:—5
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12 2 ' o =X
L a . = X, =Xy = 0 .. (2)
2. IfadjA=| 1 1 2|,findA™. [Qy - 2019] Similarly, considering hydrogen and oxygen
2 21 : atoms, we get respectively,
Sol. We compute |adj A| =9 | 8, = 2x,
1 . = 4x-x, = 0, ..(3)
So,we get A = £ ——=adj(A) ! 2x, = 2t X,
jadj Al : = 2%~ %=X, = O. )
| -1 2 2 -1 2 2 | Equations (2), (3), and (4) constitute a
=+ —=| 1 1 2|=% 1 11 2 1 homogeneous system of linear equations in four
9 5 5 3 : unknowns.
2. 21 I The augmented matrix is [A|B]
1
: =14 0 0 -1]0
1. Verify (AB)! = B A™! with A:{O ‘3} | 02 -2 -1]0
1
{—2 —3} 14 I By Gaussian elimination method, we get
B= [Sep.- 2020] 1
0 -1 - 4.0 0 -11]0
Sol. We get ' Rj©R
o. Wed 0 32 _3 ! [AB] —ReR2 515 0 1 0|0
AB =11 4o ! 02 -2 -1{0
_[o+0 o0+370 3 : 40 0 -1]0
240 3-4|-2 -7 | —22%8 510 2 2 -1|0
. 1 [-7 3] 1[-7 -3 | 50 -1 0]0
(AB)™ = =— (D)
O+6)]2 0] 612 0 I 4 0 0 -1]0
— 1 _
. ! 3 1 4 3 | RyRySR) |0 5 5 1o
©(0+3)|-1 0] 3|-1 0 ! 00 4 5|0
Bl = L _1 R : Therefore, p(A) = p ([AB]) =3 < 4 =
2-0)[0 -2 20 -2 ! Number of unknowns.
=1 3714 3 I The system is consistent and has infinite
B-lA-l = —{ }—{ } : number of solutions.
200 2]3(-1 0 | Writing the equations using the echelon
1[-4-3 3+01[-7 -3 ) ! form, we get 4x, — X, =0, 2x, — 2x, — X, =0,
6| 0+2 0406/ 2 0 B —x+5x,=0.
. : ! So, one of the unknowns should be chosen
As the QeSS (1) and (2) are same, | arbitrarily as a non-zero real number.
(AB)! = BA™ is verified. I
I Let us choose x, = t. Then, by back
5 MARKS | o tam
X substitution, we X; = —, X, = — , X, = —
1. By using Gaussian elimination method, i 4 B I
. . . ' mee X;, X, Xg and X, are positive integers,
balance the chemical reaction equation: X let us choose t = 4
CeHg + 02_).C02 * H?Q ) [Qy - 2019] | Then, we get X, =1,X,=7,x,=5and x, = 4.
Sol. W\ are searching for positive integers X,, X,, X; and So, the balanced equation is
X, such that \ ’
4 ' C. H, +70,— 5CO.+ 4H,0.
X, G Hg + X,0, = X,CO,+ x,H,0 (1) ! 58 2 2 2
The number of carbon atoms on the left-hand !
side of (1) should be equal to the number of ,
carbon atoms on the right-hand side of (1). So !
we get a linear homogeneous equation .
seeed
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