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Determinants

( Fastrack Revision )

» To every square matrix of order n, a number can be
assoclated which is called determinant of the square
matrix.

» For matrix A, |A|ls read as determinant of A.

» The determinants of non-square matrices are not defined
l.e, in each determinant:

Number of rows = Number of columns
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g b q

_. |2 Q‘_ ‘32(2| 9 b
’22 EZ alba G b1“3 °3+q93 by
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» In a determinant of order n, number of elements =n?
» If Aand B are square matrices of same order, then
|AB|=|Al| 8]
» IF the coordinates of the vertices of a trlangle are
(%) (X2, ¥2)i(x3, y3), then

% H 1
Area of trlangle = 5 X, Y, 1
Xy ¥3 1
» Three points (x,, ¥;).(%;, V5 ), (X5, ¥3) are collinear, if
x » 1
X, Vo 1| =0
Xy Yy 1
» Equation of a line joining the points (x,, y,)and (x,, ¥,)Is:
x y 1
x » 1|=0
Xz Y2 1

» Minor of an element gy of a determinant s the

determinant obtained by deleting ith row and jth columnin
which element a; lies. It is denoted by M;.

The minor of an element of a determinant of order n(n >2)
is adeterminant of ordern -1,

» Cofactor of element ag; of a square matrix A Is
Cp=(=1"*/ xMy, where My = minor of element aj.

» The transposes of the matrix formed by the cofactors of
corresponding elements of a square matrix A Is called
adjolint matrix Awhich Is denoted by adj A.

» Properties of Adjoint of a Matrix
IF Aand B are square matrices of order n, then

() AladjA)=|A| [ =(adjA) A
(i)) adj(A")=(adj AT

(iii) adj(AB) = adj (B) adj(A)
(iv) adj (kA)=k""" (ad] A), keR
(v) adj (A")=(adj A", meN
» IF the determinant value of a square matrix Is zero /e,
|A| =0, then that matrix is called singular matrix.
» IF the determinant value of a square matrix Is non-zero le,
|A|#0, then it Is called non-singular matrix.
» If Als a non-singular square matrix of order n, then
(i) ladj Al=| A"
(i) adj(adj A) =|A|"-2A
(i) [adj (adj A)| =| 4]
(iv) If Als a square matrix of order n such that|A| =0, then
A(adjA) (adjA)A _
|A] |Al
» The square matrix Ais invertible if it Is non-singular.
le, A =ﬁ(adj A)and (A™)" =A

» Properties of Inverse of a Square Matrix
i) (A" =A
(i) (A1 =(a7)
(iii) |A™"|=| Al
(iv) (A)" =(A) keN
(v) IF Aand B are two non-singular matrices of same order,
then
(AB)~' = 8714
> If ax+by+qz=d, GX+by+cz=d,,
ayx + by y + ¢z =dj, then these equations can be written In
the matrix form as AX = B, where

q b q X d
A=|a, b, ¢ |, X=|y|and B=|d,
a b g z dy

» Unique solution of equations AX =8 is given by X=A™'8
where | A|»0.
» A system of equation is consistent or inconsistent
according to its solution exists or not.
» For a square matrix A in matrix equations AX = B:
(i) IF|A|»0, then the system of equations is conslstent and
has a unique solution glven by X = A™'8.
(i) IF |A|=0and (adj A) B = O, then the system of equations
Is consistent and has Infinitely many solutions.
(lii) IF |A|=0and (adj A)8 » O, then the system of equatlons
Is Inconslistent /.e., having no solution.
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& Practice Exercise

‘@ Multiple choice Questions

Q1.

02

Q3.

Q4.

QBE.

Q6.

Q7.

Q8.

6 0 -1
The value of the determinant|2 1 is:
1 1 3
(CBSE 2023)
a. 10 b.B 7 d-7
a 3 4
if|1 2 1|=0 thenthevalueofais:
1 4 1
(CBSE 2023)
a.l b.2 c.3 d 4
2 7 1
The value of the determinant| 1 1 1fis:
10 8 1
(CBSE 2023)
a. 47 b.-79 C. 49 d -51
X+y y+z zZ+x
The value of | z X y |is:
1 1 1
(CBSE 2023)
a.0 b.1
CX+Yy+2Z d.2(x+y+2)
0 2x=1 fx
The value of |A|, if A=[1-2x 0 2Jx|
-Jx =2/x 0
where x eR", is: (CBSE SQP 2023-24)
a.(2x+1?° b.0
c. (2x+1) d. None of these
If|§ : = 2:’ :l then the possible value(s) of ‘x’'
is/are: (CBSESQP 2022-23)
a.3 b.43 c.-3 d.A3.-43
Solution set of the equation
x =6 =1
2 =3x x-=3|=0is:
-3 2x x+2
a.{2.0.7) b.{2.-3 1}
c.{2.1,5) d.{-31,5)
If € =2 cos 0, then the value of the determinant
c 10
A=|1 C 1]is:
0 1C
sln 40 , 25in®20
sin 6 sin @

c.4cos?0(2cos0-1)  d.None of these

Q9.

Q 10.

Q1.

Q12

Q13.

Q14.

Q 16.

0 16.

Q17.

a =p 0
If|0 o« p|=0,then:
B 0 «a

a. %Is one of the cube roots of unity

b. a is one of the cube roots of unity
c.p Is one of the cube roots of unity
d. None of the above

If Ais a square matrix such that A® = A, then | A|

equals:

a.0or1 b.-2o0r2

c.-3or3 d. None of these

If Ais 3x3 matrix such that |A|=8, then |3A|
equals: (CBSE2020)
a.B b. 24 c72 d. 216

If A and B are any 2x2 matrices, then
det (A + B) = Oimplies:

a.det A=0anddetB=0 b. det A+detB=0
c.det A=0ordetB=0 d. None of these

The value of

cos(u+p) —sin(o+p) cos2B
A=| sina cosa sinf
-cosa sina cosp
is independent of:
a.a b.p

cap d. None of these

If Aand B are square matrices each of order 3 and
|A| =5,|B| =3, then the value of |3 AB| is:

(CBSE2020)
a.27 b.15
c. 405 d 42
1 sina 1
Let A=|-sina 1 sina |, where 0<a s 2n,
-1 =sina 1
then: (CBSESQP 2021 Term-1)
a.lAl=0 b.lAle(2 =)
clAle(2 4) d.1Ale(2 4)
x 2 3
If x==4isarootof|1 x 1|=0, then the sum
3 2 x
of the other two roots is: (CBSE 2021 Yerm-1)
a. 4 b. -3
&2 d5
a =2 p
If for the matrix A = 2 ol |A”|=125,then the
value of « is: (CBSE 2021 Torm-1)
a.t3 b. -3
(8 d.1
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Q18.

Q1.

0 20.

Q21

02z

0 23.

Q24.

Q 25.

If Ais a matrix of order 3x 3, then number of

minors in determinant of Aare:  (NCERTEXEMPLAR)
a.3 b.6
c.9 d.18
Find the cofactors of a,, and g5, of the matrix
1 3 =2
A=[a 7 1=14 -5 6
3 5 2
a.—-16.8 b.-16. -8
c.16.8 d.16. -8
1 -2
The cofactors of all the elements 4 3 are:
(CBSE2020)
a.3,-421 b.-3.4-21
C.-3.4-2-1 d. Nane of these
IfA P denotes the cofactor of the elementa 7 of the
2 -3 §
determinant |6 0 4 | then the value of
1 5 =7
ay4A5; +04,A5; +a43A5; s
a.0 b.5
c.10 d~-5b

Given that A = [a, ] is square matrix of order 3x 3
2

and| A |=-7, then the value onauAu, where A.,’,
i=1
denotes the cofactor of element ay, is:

(CBSESQP 2021 Term-1)

a.7 b.-7
c.0 d. 49
If C y denotes the cofactor of element p 7 of the
1 -1 2
matrixP=|0 2 -3|thenthevalueofC,,  C,;
3 2 4
is: (CBSE 2021 Term-1)
ahb b. 24
C. =24 d. =5
1 -1 2
Let matrix X =[x, ]is givenby X =3 4 -5|
2 -1 3

Then the matrix ¥ =[m, ], where m, = Minor of

Xy yis: (CBSE 2021 Term-1)
(7 -5 -3 [7 =19 -1
allw 1 -1 b.f&8 -1 -1
-1 1 7 3 1 7
[ 7 19 -1 [ 7 19 -1
c|l-3 n 7 d/{-1 -1 1
=5 <] - -3 -1 7
If the area of a triangle with vertices (2,-6), (5,4)
and (k,4)is 35 sq. units, then k is: (CBSE 2023)
a. 12 b.-2
c.-12,-2 d12,-2

Q 26.

Q27.

Q 28.

Q29.

Q 30

031

Q a2.

Q aa.

Q34

Q 35.

Q 36.

If the area of a triangle with vertices (-3, 0), (3, 0)
and (0, k) is 9 sq. units, then the value(s) of k will

be: (CBSE SQP 2023-24)
a.9 b.+3 -9 d6
Three points P@2x,x+3), 0(0,x) and

R (x +3, x + 6) are collinear, then x is equal to:

(CBSE 2021 Term-1)
a.0 b.2 .3 d.1

k 8
Value of k, for which A:[4 ZkJ is a singular

matrix, is: (CBSE SQP 2021 Term-1)
a. 4 b. =4
C. 4 d.o

Given that A is a non-singular matrix of order 3
such that A? =24, then value of |2 A|is:

(CBSE SQP 2021 Term-1)
a.4 b.8
c. 64 d. 16

. If A and B are invertible square matrices of the
same order, then which of the following is not

correct? (CBSE SQP 2023-24)
a.adjA =|A|.A™ b. det(A)™' = [det(A)])™
c. (AB)" =B~'A" d.(A+B)"=B"+ A"

Given that A is a square matrix of order 3 and
|A|==2, then |adj(2A)| is equal to:
(CBSE SQP 2023-24)

a.-2% b.4
I L d. 28

Z 5
For matrix A = I:_n 7} (adj A) is equal to:
(CBSE SQpP 2021 Termi-1)

2 -5 75
a. b.
{n -7} [n 2}
7 1 7 -5
C'[—E 2] d'[n 1]

If Ais a square matrix of order 3 and|A | = -5, then

ladj Al is: (CBSE 2021 Term-1)

a. 125 b.-25

c. 25 d 25
a 00

IfA=|0 a 0], thenthe value of|A||adjA|is:
0 0a

a.a3 b. a®

c.a’ d.a?

If Ais a square matrix of order 3 and |A|=5, then

|adj Al = (CBSE SQP 2022-23)
a.5 b. 25

1
c. 125 d. 3

If Ais a square matrix of order 3, such that
A (adj A)=10/, then |adj A | is equal to: (csse2020)
a. 1 b.10
c. 100 d. 101
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Qar.

Q 3B.

Q39.

Q 40.

Q 41

042

0 43.

Q44.

If Ais a3 x 3non-singular matrix, then| A~ * adj ()|
is:

a.lAl b.1
CIAP d.]AI"?
A
FA=|0 2 5 |,then A~ ! exists if:
113 (NCERT EXENPLAR)
ar=2 b.A=2
Ch=-2 d. Nane of these
Bl o e cosf =sind
The multiplicative inverse of A=| |
sin@ cosO
is:
5 -cos@® sinéd b cosO sinéd
| —sin® -cos6 | —sin® cos6
. -c0s® -sind d cos® sineg
t sin®@ -cos@ Isin® -cos®

31
A =[ ], then 14471 is given by:
-1 2 (CBSE SQP 2021 Term-1)
2 -1
a.l4
s

4 -2
o2 )
i I
1 -3 1 =2
2 3 1 =2
f
| A=[1 _4] and B:[_i 3}. then find
(AB)~ 1.
" 114 B b] 14 -
Mnls 1 ml-5 1
c] 1 5 d] 1 -5
T[5 14 ‘M| -5 14
The multiplicative

inverse of the matrix

0 01
A{O 1 0fis:
100
0 0 0 [0 1 =T
a0 1 0 b., 0 =1 O
[0 01 -1 0 O
-1 0 O L0 R
.0 -1 0 d(0 10
1 0 -1 100
-4 -3 -3
IfA=| 1 0 1| ,thenadjA=
|4 4 3
a.A~! b. AT
CA d. Both a. and c.
9 11 A% -3
IfA=|1 0 1|,then =
110
a.A! b.2A c.2A"" d;A"

Q46.

Q 46.

2 00

The inverse of the matrix X =|0 3 0|is:
0 0 4

(CBSE 2021 Term-1)

[1/2 O 8] 1 00
a2l 0 13 0| b-t|o 1 o
|0 0 1/4 001

2 0 O 1/2 0O o

c—|o 3 o dl 0 13 o

= (0 0 4 0 0 1/4

The system of linear equations x +y +z=2,
2x +y=-z=3, 3x+2y+kz=4 has a unique
solution, if k is not equal to:

a.4 b.-4 c0 d.3

-d) Assertion & Reason Type Questions

Directions (Q. Nos. 47-55): In the following questions, each
question contains Assertion (A) and Reason (R). Each question
has 4 choices (a), (b), (c) and (d) out of which anly one is
correct. The choices are:

0 47.

0 48.

Q 49.

Q 50.

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. Assertlon (A) Is true but Reason (R) is false

d. Assertion (A) Is false but Reason (R) Is true

Assertion (A): If a, b, c are distinct and x,y,z are
not all zero, given that ax+ by +cz=0,
bx +cy +az =0, o +ay + bz =0, then
at+b+cnl

Reason (R):a? + b? +c? >ab + bc + ca, ifa, b and
c are distinct.
Assertion (A): The determinant of a matrix

0 p-q p-r

g-p 0 gq-=r|iszero.

r-=p r-g O

Reason (R): The determinant of a skew-symmaetric
matrix of odd order is zero.
Assertion (A): If A is skew-symmetric matrix of
order 3, then its determinant should be zero.
Reason (R): If Ais a square matrix then
det A=det A' =det (-A').

Assertion (A): A=a,,A;, +0a,,A;, +05A 5
where, A_,‘f is cofactor ofa“.

Reason (R): A =Sum of the products of elements
of any row (or column) with their corresponding
cofactors.



Assertion (A): adj (adj 4) =A
Reason (R): [adj Al =] A|

Reason (R): A square matrix A is said to be
singular, if |A| =0
Answers

51. (b) 52. (b) 53. (a) 54. (d) 55. ()

ﬂ’ Case Study Based Questions

Case Study 1
Yash scored 40 marks in a test, getting 3 marks for
each right answer and losing 1 mark for each wrong
answer. Had 4 marks been awarded for each correct

Q61 Let A be a2x 2 matrix. Q64. Assertion (A): There are only finitely many 2x 2

matrices which commute with the matrix

S

r -1
Q62 Assertion (A): If A, =[ r } where r is a
s r Reason (R): If A is non-singular, then it commutes
natural number, then with /, adj A and AL
|AL 1414, 1+ ...+14,00, | =2006). Q 66. Assertion (A): Thesystem of equations 2x —y =-2;
Reason (-R): IfAzis a matrix of order 3 and |A| =2, 3x + 4y =3 has unique solution and x =_i and
then |adj A| =2°. 11
1 2 12
Q 63. Assertion (A): The matrix A =[4 8:| is singular. y= 11

Reason (R): The system of equations AX =Bhas a
unique solution, if|A| = 0.

1. (d) 2. (d) 3. @) 4. (a) 5. (b) 8. (d) 7. ®) 8. (a) 9. (@ 10. (a)
11.(d) 12.(®) 13. (@) 14. (0) 15. (d) 16. (a) 17. (@) 18. (c) 19. (@)  20. (a)
21.(a) 22.(b) 23.(@ 24.(d) 25.(d) 26.(b) 27.(d) 28.(c)  29.(c) 30. (d)
31.(d) 82.(c) 3 34 () 35.(b) 36.(b) 37.(@ 38.(d) 39.(b) 40.(b)
41. () 42.(d) 43.(d) 44.(a)  45.(d) 46.(c) 47.(d) 48.(a)  49. (0 50. (a)

Q2. Which of the following matrix equations

T o T
DS

2x +y=25 X+ 2y =25
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answer and 2 marks been deducted for each incorrect Q 3. Using matrix method, find the number of right
answer, then Yash would have scored 50 marks. Let answer given by Yash.
number of right answer is x and number of wrong s b.15
answer is:y. Q4 'T‘lhiﬂnumber ofwrong 1ns$eq:: given by Yash are:
= = o — : - H .
%’wﬁ "'"*'M ." a.15 b. 20
?i*‘” ¥ c5 d. 25
w lly k R Q 5. How many questions were there in the test?
= 4\ e a.20 b. 25 c.35 d. 40
4 o Solutions °
1. Let number of right answers = x
and number of wrong answers w y
Total number of questions = x + Yy
. : In First Case:
Based on the above information, solve the following Marks awarded for x right answers = 3x
questions: TR!CK
Q1. The equation in terms of x and y are: Negative (-) sign is used to Iindicate marks lost for
a.3x -y =40 b.x -3y =40 Wrong answer.
2x -y=258 x -2y =28
c.3x + y =40 d. x + 3y = 40 Marks lost for y wrong answers sy x(=1) = -y

Then, 3x -y =40 (by given candition) ...(1)
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In Second Case:
Marks awarded for x right answers = 4 x
Marks lost for y wrong answers =y x(-2)=-2y
Then. 4x-2y=50 (by given condition)
or 2x —y =25 (divide by 2 on both sides) ...(2)
So, aption (a) is correct.

2. Given equations can be written in the form of matrix
AX =Bas

2 S]]
e a [y pxelyJonse-z]

So, aption (d) is correct.

Sol. (Q.Nos. 3-5): | Al = i "1

If A,7 is the cofactor of the elements aj. then
Ap=(=0)" =) =-1 Ap=(-1)"*%2)=-2
Al’l =(— )2"1(-1) =1 and AZZ =(—1)2*2(3) =3

s 27 312
s )

Now, we have
X=A"8

=)z L)l Z3e)= )

= x=15andy=5

==-342=-1=0

3. The number of right answer s x Le., 15.
So, option (b) Is correct.

4. The number of wrong answer Isy Le. 5.
So, option (c) Is correct.

5. Total number of questions = x + y =15 +5 =20
So, option (a) Is correct.

Case Study 2

Anika wants to donate a rectangular plot of land for
an orphanage. When she was asked to give
dimensions of the plot, she told that the area of a
rectangle gets reduced by 9 sq. units, if its length is
reduced by 5 units and breadth is increased by 3 units,
but if increase the length by 3 units and breadth by
2 units, the area increase by 67 sq. units.

Let x and y be the length and breadth of a rectangular
plot.

R VR HUE 4

Based on the given information, solve the following

questions:
Q 1. The equations in terms of x and y are:
a.3x -5y =6 b.5x -3y =6
2x + 3y =61 3x + 2y =61
C.3x -5y =61 d.5x -3y =61
2x +3y =6 3Ix +2y =6

Q2. Which of the following matrix equations

AR 2
LTHE < 2

Q 3. Using matrix method, find the length and breadth

of the rectangular plot.
a. 26 units and B units  b. 9 units and 15 units
¢.17 units and 9 units d. B units and 16 units

Q 4. How much is the perimeter of rectangular plot?

a. 25 units b. 32 units
C. 45 units d. 52 units
Q 6. How much is the area of rectangular plot?
a.153 sq. units b. 170 sq. units
c. 90 sqg. units d. 52 sq. units
Solutions o
1. Let x andy be the length and breadth of a rectangular
plot.
In First Case:
Area Is reduced by 9 sq. units when length

=(x -5) units
and breadth = (y + 3) units
-~ Area of rectangular plot = length xbreadth = xy
According to given candition,
xy =(x=5)(y +3)=
= xy-(xy-5y+3x-15)=9
= Xy —-xy +5by-3x+15=9
= -3x+5y=-6 = 3Ix-5y=6 )
In Second Case:
Area Is Increased by 67 sq. units when length
=(x + 3) units
and breadth = (y + 2) units
According to given candition,
(x+3)(y+2)-xy =67
= Xy +3y +2x +b-xy=067
=5 2x + 3y =61 wl2)
So, option (a) Is correct.

. Glven equatlon can be written In the form of matrix

AX =B as

3 -h][x 6

2 3 ||yl |e

3 -5 X 6
WhEI‘E.A-|:2 3 ],Xa[y]andﬂu[m]

So, option (b) Is carrect.
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Sol (Q.Nos. 3-5): |Al=
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3 -5

> 3 =9+10=19

If A; is the cofactor of the element gy, then
Ay =(=1"*'3)=3, Ap =(-1)"* ¥2) = -2
An=(-1?*Y(-5)=5and Ay =(-17* %3) =3
,. ade:[A" AQT=_3 _2T=[3 5]
Ay Ay s 3 -2 3
3 5
A":LadiA=%‘_2 3]

Now, we have X = A~'B
X 173 51[67 1[18+305
Zly|T19]-2 3]|61/78|-12+183

x| _[323n9]_[17
=y '[171/19 '[9]

= x=17andy=9

3. The length of the rectangular plat = x units =17 units
and the breadth of the rectangular plot

=y units =9 units
So. optlon (c) Is correct.

4. The perimeter of the rectangular plot
=2(x +y)=2(17+9)
=2 x26 =52 units

So, optlon (d) Is correct.

B. The area of the rectangular plot

=X xy =17 x9 =153 sq. units
So. option (a) Is correct.

Case Study 3

Minor of an element a;; of a determinant is the
determinant obtained by deleting its i th row and jih
column in which clement a;; lies and is denoted by
Mu" Cofactor of an element ag, denoted by AU, Is

defined by 4;; =(- Jyits M ;;, where M ; is minor of

a.
AJiso, the determinant of a square matrix 4 is the sum
of the products of the elements of any row (or
column) with their corresponding cofactors. For
example, if A=[a; ]3,3, then [A]|=ay 4}, + a4,

+a3d;3
Based on the above information, solve the following
questions:

Q 1. Find the sum of the cofactors of all the elements

1 -2
of
4 3
a. 2 b.-2
C.4 d.1
5 6 -3
Q 2. Find the minor ofa,, of| -4 3 2
-4 -7 3
a.3 b.-13
c.39 d.-39

2 -3 5
Q3. Inthedeterminant|6 0 4 | findthe value of
i 5 -7
az;-Asz-
a. 27 b.-110
c. 10 d.-27
53 8
Q4. fA=|2 0 1} thenwrite the minor of a,;.
1 2 3
a.-10 b.-7
c.10 dZ
2 -3 §
Q6. IfA=|6 0 4 | then find the value of | Al
1 5 -7
a. 26 b. 28
c.72 d. 46
Solutions °
RO L
4 3

Cofactor of 1=3, cofactorof -2 =-4
Cofactor of 4 =2, Cofactor of 3 =1
- Requiredsum=3-4+2+1=2
So, option (a) Is correct.
5 6 -3
2. letA=|-4 3 2
= =F B
6 -3

Minor of a,, = 7 3

|=1EI-2]=-3

So. option (b) Is correct.
Z =3 &
3. LetA=|6 0 4
1 5 -7

Clearly, a3; =5

and Aj, =cofactar of a3;In A =(-1)3¢2

6 4

25(

=(-1)(8-30)=22
032.A32=5 x22 =110

So, option (c) is carrect.
K5 3 H

4, Here,A=|2 0 1

1.2 3

-~ Minor of 053 =

3
=l0-3a7
1 2|

So, option (d) Is correct.
2 -3 §
5 Here,A=(6 0 4
1 5 -7

0 4

Ap=(=1"" 5 _7

=1(0-20)=-20.
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6 4

Ap=(-1)"? |=-1(-42-4)=45.
¥ =7
6 0

Ay =(=1)'*? 1 5‘:1(304):30

A=apAp+ 0pAy + 03A;3

=2(-20) -3(46) + 5(30) = - 28

= | AI =28
So. option (b) is correct.

Case Study 4

If there is a statement involving the natural number
such that

(1) The statement is true for n =1

(i1) When the statement is true for n = k (where & 1s

some positive integer), then the statement is also
true forn =k +1

Then, the statement is true for all natural numbers 7.
Also, if A is a square matrix of order n, then A? is
defined as AA. In general A™ =A4A4...4 (m times),

where m is any positive integer.
Based on the above information, salve the following
questions:

Q1.

Q2

qa.

Q4.

Q6.

3
If A E[l 1} then for any positive integer n:

-4
b_A":FJrzn nJ

n -4n
AT =
o P
CA = in -Bn
1 =n

12
Iwa‘:O 1}thﬁ-nl.tl"I.Whereav?eh.", is equal to:

n 1-2n
1+3n —lm]

d A" =
[ n 1-3n

a.z2" b.¥
c.n d. 1

10 10 .
If Au[l 1] and fm[o 1], then which of the

following holds for all natural number n > 1?
a. A"=nA-(n-1) b. A" =2"="A-(n-1)
C.A"=nA+ (n-=1) d.A"=2"1A 4 (n=1)

a 00
Let A=/0 a 0| and A" =[a,];,; for some
0 0a
positive integer p, then the cofactor of g ; is:
a.a" b.-a"
c.2a" d.0

If Ais a square matrix such that |A|=2, then for
any positive integer n,|A" | is equal to:

a.o b.2n

c.2" d.n?

Solutions ]

1 2
. We have, A=|: j|

-4
3 WEha\fe.,él:EI ]}

-41[3 -4 5 -8
5 A2 =
A [3] _]M] _1] [2 _3}. which can be

1+2n -4
obtalned A" = B Y
n 1-2n

So, option (b) is carrect.

.

1 2

Al=
II|[]T

|=1—D=1

Also,|A"|=| A-A ... A(ntimes)l=|A|" =1" =1

So. option (d) is correct.

. Farn =1. all options are true.

eoen] MG |
ek Tk

Putting n =3, in option (a) we get A3 =3A -2/
9]z ©
“Th1f]o 2
3 Qd 2 0 10
= - = . true.
‘:3 3} [U 2] [EI 1] which Is true

All other optlons are different from A3 =3A -2/ far
n=3
So, optian (a) Is carrect.

a 00
. Wehave A=|0 o O
00 a
a 0 Oj|]c O O
A’=A.A=|0 o O||0 0 O
00 a|l|l0 0O a
(0> 0 0]
=|0 a® D
0 0 o
(0" O O]
Similarly, A"=[(0 ao" O
0 0 @
Now, cofactor of a3 = (-1)'*2 0 g ’-D
0 0
So, option (d) is carrect.
. We have, |Al=2
and |A" |=|A-A ... A (n-times)|

=|AllA]...| Al(n-times) =| A|" =2"
So, option (c) Is carrect.

L
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Case Study 5

Gautam buys 5 pens, 3 bags and 1 instrument box and
pays a sum of ¥ 160. From the same shop, Vikram
buys 2 pens, | bag and 3 instruments boxes and pays
a sum of ¥ 190. Also Ankur buys 1 pen, 2 bags and 4
instruments boxes and pays a sum of ¥ 250.

Based on the above information, solve the following
questions: (CBSE 2023)

0 1. Convert the given above situation into a matrix
equation of the form AX =B.

Q2. Find|Al
Q4. FindA™.

Or

Determine P =A? -5A.

Solutions ]

1. Let, cost of 1pen =% x
cost of 1bag =% v
and cost of 1instrument box =% z
According to the question, we have
Ex +3y +z=160
2x +y+3z=190
and x + 2y + 4z =250
This system of equation can be written as AX =B

B: 3 1 160 X
where, A=|2 1 3|,8=(190 |and X =|vVy
1 2 4 250 z

2. Now|Al=5(4-6)-3(B-3)+1(4-1)
=-10-3(5)+3 =-10-15+3
=-22

3. .- |Al=0. s0 A™ exists.

-2 -5 3" (-2 -0 B

Here.adA=|-10 19 -7| =|-5 19 -13
B 1B -1 q T
29 40 @
o] =6 19 =13
5))
3 7 -
Or
Glven P=A%-5A
E 3 M5 3 5 3 1
p=lz 1 3llz 1 al-g2> 71 =
12 4ll12 4 12 4
954641 1Badnd Be9d] [25 158 5

=(10+2+3 6+1+6 2+3+12|-|10 5 158
_5+4+4 3+2+48 1+64+16 5 10 20

[32 20 18] [258 18 & & 13
15 13 17|10 & 15|=|5 B 2
| 13 13 23 5 10 20 B & 3

Case Study 6

Three shopkeepers Sanjeev, Rohit and Deepak are
using polythene bags, handmade bags (prepared by
prisoners) and newspaper's envelope as carry bags. It
is found that the shopkeepers Sanjeev, Rohit and
Deepak are using (20, 30, 40), (30, 40, 20) and
(40, 20, 30) polythene bags, handmade bags and
envelopes
shopkeepers Sanjeev, Rohit and Deepak spent % 250,

newspaper’s respectively. The

¢ 270 and % 200 on these carry bags respectively.

A h

Based on the above information, solve the following
questions:
Q1 Find the cost of one polythene bag, one
handmade bag and one newspaper envelop.
Q2. From the matrix equation AB=AC, it can be
concluded that B =C, show that Ais non-singular.

Solutions °

1. Let the cost of a polythene bag = ¥ x
the cost of a handmade bag =%y
and the cost of a newspaper bag =% z
According to the questions,
20x + 30y + 40z =250
30x + 40y + 20z =270
40x + 20y + 30z =200
This system can be written as AX =B, where

20 30 40 X 250
A=130 40 20| X=|y|andB=|270
40 20 30 | Z 200

20 30 40

Now, |Al=|30 40 20

40 20 30

=20(1200 - 400) - 30 (900 - 800)

+ 40(600 -1600)
=20(800) - 30(100) + 40(- 1000)
=16000 - 3000 - 40000 =-27000 0

So, A~! exists and system has a solution glven by

X=A"8

r B0O -100 -1oo00]"

Now.ad|A=| -100 -1000 8OO
|-1000 800 -100 |

[ BO0 -100 -1000]

=| -100 -1000 800
|-1000 800 -100 |

L
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-
A~'e—(adj A
IAI( | A)
[ 800 -100 -1000]
= 271uuu -100 -1000 800
N -1000 800 -100 |
X -800 100 10007[250
Now. X =|y | = 100 1000 -800||270
z| #9990 1000 -800 100 ||200
. [?7000 x] [
54000 z) |2

= xoelyzabzs2

Hence, cost of a polythene bag a handmade bag and
anewspaper envelopeis? 1.¥5and? 2 respectively.

2. Glven matrix equation Is AB = AC.
Pre-multiplying by A™' on both sides, we get

AT'AB= ATAC
= (A7'A)B = (AT'A)C
= 1B IC [-AA™ w ATTA w )
5 B=t

Since A~ exists only if A ls non-singular.
.. ForB =C, Ashould be non-singular. Hence proved.

Case Study 7
Area of a triangle whose vertices are
(x1, 91 1(x2,2) and (x3,p;) is given by the
determinant
o0l
Xy ¥y 1
X3 Yy |
Since, arca is a positive quantity, so we always take
the absolute value of the determinant A. Also, the area
of the triangle formed by three collinear points is
Z€ero.
Based on the above (nformation, solve the following
questions:
Q1. Find the area of the triangle whose vertices are
2,6),(3,—6)and (1,5).
Q 2. Ifthe points (2,-3), (k,—1)and (0, 4) are collinear,
then find the value of 4k.
or
If the area of a triangle ABC, with vertices
A(1,3),B(0,0) and C(k, 0) is 3 sq. units, then find
the value of k.

Q 3. Using determinants, find the equation of the line
joining the paints A(1, 2) and B(3, 6).

° Solutions .
1. Let A be the area of the triangle then
i -2 6 1
A= -2— 3 -61
1 b 1
- 21-2(-6-5)-6(3-1) 105 +6)

(expanding alongR,)
= A:%I&B—QI:I&S Q. units

2. The glven points are collinear.

. 2 -3 1
5 -1 1|=0
0 4 1

Expanding along R, we get
2(=1-4) + 3(k) + 1(4k) =0

0 4440

= Tk-10=0= k===
7 7
Or
Area of AABC = 3sq. unlts (glven)
3 I 31 T 31
= 5001:“1‘3:001::6
k 01 k 01

Expanding along R, we get
1(0-0)-3(0-k)+1(0-0)=+6
= kwtb6 = kwt2
3. Let Q(x, y) be any point on the line |oining A(1. 2) and
B(3.6). Then. area of A ABQ =0
1 2 1
i 3 6 1|=0
2
x vy
Expanding along R\, we get
16 -y)-2(3-x)+1(3y-6x)=0

= 6-y-6+2x+3y-6x=0
il —4x w—2y w 2X %
Case Study 8

I 0
Let A:[z l} and U,,U, are first and second

columns respectively of a2 x2matrix U. Also, let the

]
column matricesU | andU , satisfying AU | m[O:' and

w, ]

Based on the above information, solve the following
questions:

Q1. Find the matrixU, +U,.
Q 2. Find the value of IU|.
Or
Find the minor of element at the positiona,, inU.

Qa IfX=[3 21U B}, then the value of [X].

L
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" Short Answer Type-1 Questions

=[> e)-lof Lo a)+[o) .

=a=1land 2a+b=0 = a=1 and b=-2.

=[5 3I0d)-

= c=2 and 2c+d=3
= c=2andd=3-4=-1

e
_d_
1
_3_

. Solutions ©
1 0
= - 01'
1. We have, A 2 1]
a
Let U, = [b} then AU, = FD] 02

2

:Bu dHﬂ e

If A is a skew-symmetric matrix of order 3, then
prove that det A=0. (CBSE2017,20)

If A and B are square matrices of order 3 such that

|A|=-1,|B|=3,then find the value of | 24AB]|.
(CBSE2017)

. Show that the points (a,b +c), (b,c+a)and (c,a + b)

are collinear, using determinants.  (NCERT EXERCISE)

Prove that the inverse of a non-singular square
matrix is unique.

Prove that (A'y=(A')", where A is a
non-singular matrix.

‘/ Short Answer Type-Il Questions

TR EINE R

]

1
Ul=
|||_2 B

a5 InUls -=1and its minor Is 1.

3. We have, X =(3 2][_12 j B}B 2]{-;]

=(21-16) =(5) 03
(X)=5

; Very Short Answer Type Questions

such that |A| =2 and AB =2/, write the value of

1 =2
Q 3. Find the cofactors of all the elements [4 3 :}

(CBSE 2020)
8 0
Q 4. If for any 2x 2 square matrix A, A (adj A) =[0 8]'

then write the value of | A |. (CBSE2017)

2 cleany,u=[ 1 2} &%

Or 0 2,

Qa.
101

QL fA={0 1 2|.ShowthatPBA|=27]|A|
00 4 (NCERT EXERCISE)

Q 2. If Aand Bare square matrices of the same order 3, Q6.

|B]. (CBSE 2019) Q6.

Q7.

1 sin@ 1

Let A=|=sin0® 1 sin0 |, where 0<0<2n
-1 -sinf 1

then find the determinant of A.
[y my ny

Evaluate |[, m, n,|, where [{+m{+n] =1

Iy my ny

andl, +mym; +nyn; =0etc.
X sin® cosO

. Show that the determinant | =sin0 -x 1

cos0 1 X

is independent of 6. (CBSE 2023)

Using determinants, find the area of APQR with
vertices P(3,1), 9(9,3) and R(5,7). Also, find the

equation of line PQ using determinants.
(CBSE 2023)

1. 2
Find the inverse of the matrix A =[2 1}.
If A and B are two invertible square matrices of
order n, then prove that (AB)™ =B7*A™1.

If A ' 5 dBsl. °| then find 8~ and
—Olan -bd, en 1in dan

show that (4-8)™' =B~1. 47",

“@c? I.nng Answer Type Questions

Q6. If Ais a 3x 3 invertible matrix, then what will be

(CBSE2017)

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

the value of kif det (4)™* = (det A)*.  (cose2017) Q1.
3 -1
Q6. f|A|=3andA™ =[_§ 2 ],then write the adj A.
3 3

-1 =2 3
Find the cofactors of matrix A=|-2 2 1|and
4 =5 2
prove that (adj A) A = A (adj A).

L
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Q2 IfA=|1 4 3| then verify that A-adjA=|A|/l.

13 4
Also find A™L.
1 3 -2
Q 2. Find the inverse of the matrix|-3 0 -=5]|.
2 50
3 -1 1 1 2 =2
-15 6 -5| and B=|-1 3 0
5 =2 2 0 -2 1

then find (AB) .

Q4. if A1=

(NCERT EXERCISE)
Q 6. Solve the following system of equations by matrix
method:
X+y+z=6,y+3z=11, x + z =2y (NCERT EXERCISE)
1 -10 2 2 -4
Q6. fA=(2 3 4|and B=|-4 2 -4| are two
0 1 2 2 -1 5
square matrices, find AB and hence solve the
system of linear equations
x-y=3,2x+3y+4z=17andy +2z =7.
(NCERT EXEMPLAR; CBSE 2017)

Very Short Answer Type Questions

3.0 3
1. 3A=|0 3 6
00 12
= |3A1=3(36-0)=108
and 271A|=27(4-0)=108
[3A1=271A1
2. Glven, A and B are square matrices of the same order
3,such that|Al=2and AB =2I
Taking determinant on bath sides, we get
[AB| =211

Hence proved.

AB|=|A|-1B| and | kA |= k" | A|, where n is the
rder of matrix.

(TR!CK
I

= [Al-1Bl=22.11]
= 2.|Bl=B-1 (o 11=1)
|B|=4

ERROR -

Generally students solve |a A | as:
leA|=alAl|
But this is wrong and leads to incorrect solution.

1 -1 2|(-2 0 1

Q7. Use product |0 2 -=3|| 9 2 =3| to solve
3 =2 4||6 1 =2

the system of equations x +3z =9,-x + 2y -2z =4,

2x =3y +4z ==3. (CBSE2017)
2 -3 5
Q8. IfA=|3 2 -4|findA™.
1 1 =2

Using A™', solve the following system of

equations:

2x =3y +52=113x+2y =4z ==5 x +y =2z ==-3.
(CBSE 2020, 19, 18, 17; CBSE SQP 2022-23)

1 -1 2
0 9. Find the inverse of the matrik A=|0 2 -3
3 =2 4

Using the inverse, A‘l. solve the system of linear

equations
X-y+2z=1,2y -3z=1;3x -2y + 4z =3. (CBSE 2017)
Q10. Using the matrix method, solve the following
system of linear equations:
2,3,10 44 6,5, 68,920,
X y z Xy z x y z
(CBSE SQP 2023-24)

1 -2
3. LetA=
“s-l, 5]

* Minor of an element aj of the determinant is the
determinant obtained by deleting the ith row and jth
column in which element ay lies. Minor of an element
aj;is denoted by Mj;

* Cofactor of an element ajy of a determmant is denoted

byAjor Cond is defined as Ay = ) M;f

~

Cofactors of matrix A are glven below:

An=(=)*'3) A = (=1)*2(4)
=(-1)?x3 =(-1P x4
=1x3=3 =-Ix4=-4

Ay =(-*(-2) Az = (-1>*2()
= (=13 x(-2) =(=1)* x1
w—lx(=2)n2 =Tl

So, cofactors of given matrix are 3, -4, 2and 1.

4. Glven that, A (ad| A)=[g g}

By using property, A (adj A)=|Al,
TiP:
Here, A Is 2 x 2 square matrlx, thus the order of [dentity
matrix Is also 2 X 2.

r
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
'
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
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8 0 10
|All, = =|All,=8 =Bl
T P

|Al=8
5.
TR!ICK
IAB| = | Al |BI
or det (AB) = det (A) - det (B)

Given, A is a3 x3Invertible matrix.
AAT' =] = det(A-A-") =det(l)

= det(A)-det (A™) =1 (--det(/)=1)
1
det (A) = ——
= al e
=5 det (A™) = (det A)™
On comparing above eq. with det (A™) = (det A",
we get
k=-1
3 -l
6. Given.|Al=3 and A™'=| 5 2
i 3
We know that,
Al adj A
[A]
3 -
-3
= ad| A =1A|A"=3-[_5 4:[95 2}
3 3]t
Short Answer Type-| Questions
0 o b
1. Let A=|-0 O c|be a skew-symmetric matrix of
-b -c O

order 3.

G- TiP

‘r If A be a skew-symmetric matrix, then A = - AT

0 a b
|[AlordetA=|-a 0 c
-b -c O
=0(0+c?)-a(0+bc)+ b (ac+0)
=0-obc+abc=0 Henceproved.

(expand along Ry

2

TRICK
)

|aA| = ak |A| where, k is the order of matrix A.

Given that, A and B are square matrices of order 3
suchthat|Al=-1and |B|=3
|2AB|=23| AB| (-1ABI=1AlIB)
=B|A||B|l=Bx-1x3=-24

ERRQR -

Generally students make mistakes in simplifying | aAB |.
They solve | aAB | as: | aAB |=a |AB|=a|A|| B |
But this Is wrong.
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3.
TiP:
The area of triangle formed by three collinear paints is
zero.

Area of triangle formed by the given paoints
a b+c 1
“Llb cva 1
c a+b 1

Expanding along R,
=%[a(c+ a-a-b)-(b+c)(b-c)+1(ab+b?-c?-ac))

(ac-ab -(b? -c?) +ab + b? —c? -ac)

1
T2
s [l
2
Therefare, the given points are collinear.
Hence proved.

4. Let A be a non-singular matrix of arder n.

Let Band C be two Inverse of matrix A

Then, AB=BA=I (1)
and AC=CA=, (2)
Fromeq. (1), AB=1,

Multiply the both sides by C from left

C(AB)=Cl,=C(AB)=C (-, =0

= (CA)B=C
[from assoclative law of multiplcation of matrices)
= I.B=C (from eq. (2))
= B=C [ |B=8)

Hence, the inverse of Als unique. Hence proved.

5. - Als a nan-singular matrix so| A |=0.
We know that, [Al=|A'|lbut|A|«0
SolA’|l#0le., A'ls also a non-singular matrix.
We know that AA™'= A'A =]
Taking transpose on both sides, we get
(ATly A= AY(AT) = () =1
Therefare, (A-') Is the Inverse of matrix A",
= (A )y =(AY Hence proved.

Short Answer Type-Il Questions

1 sin o 1
1. Glven, A=|-sinb 1 sine
|~ -sing 1
1 sinB 1
[Al=|-sinB 1 sin@
-1 =slno 1

(expanding alongR,)
=1(1+5In? 0) -sin0(=sin8+sin8) +1(sin? 0.+1)
=1+5in? 0+ 0+sin?0+1
=2+2sin?0=2 (1+5in? 0)

When 8=0, r, 2r, thensin6=0
= |A|=2+2sin?0=2

When 0:5, azthen sinf=1
2" 2

|Al=2(1+1)=2x2=4

L
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The equation of line passing through two points A(x1,y1)
and B(xy,y3) Is

Here. we see that on multiple angle of '% we get

determinant 2 and 4, but in other angles we get the
determinant lies between 2 and 4.

Hence det(A)e[2 4]

L, m n Lt my m| |4 m
. Now,. | my no| =L my np|x| my ny
5 My n3 L my myf |G ma ny
[ +mi +nf
=k +mymy + Ny,
by +mymy + Ny

Wy +mymy+n, Ly +mymy+npg
B+m?+n L5 + mams + nana
5l + msmg + nang B+ms+ns

1 .00
=0 10 [-.-[,-2+mf+n,2=1fnrailf=123
001 b+ mym +nn;=0foralli=12,3
and /=123 wherei= )
=1(1-0)-0+0=1 (expand alongR,)
h m m

L my n|=+1
G my ny

X sin® cos#@

. Wehave A=|-sing -x 1

cos6 1 X
Expanding along R,
A= x(-x%=1)-sIn 6(-x 5In 6 —cos 6)
+C0s0(-sin 6 +x cos 6)
=-x? = x + xsin 0 +sin 0cos 0 -sin 6cos 0+ x cos? 0
=-x? = x + x(sIn? 6+ cos? 6)

=-x3-x+x()) (-sin?0+cos?0=1)

=—',7(3

Hence, it shows that given determinant Is
independent of &

. Area of trlangle with vertices P(3.1), @(9,3)and R(5. 7)

3 1.
=~ M
S

N —

(3(3-7)-1(9-5)+1(63-15))

S T

= 5[_]2 =44 49]:% =16 sqg. units.

X ¥ 1
X1 Y1 1|=0
X2 Y2 1
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Now. equation of ine PQis

X ¥ ]

3 1 1=0

g9 3 1
Expanding along R,

= x(1-3)-y(3-9)+1(9-9)=0
= x(-2)-y(-6)+0=0
= —-Z2x+6y=0

. Glven A=[] 2]

2 -1

Cofactors of the elements of A Is given below:
An=(=1)3(-)=-1. Ap=(-13(2)=-2
An=(-1P(2)=-2 and Ay =(-1)*(1)=1

Matrix formed by the cofactors of the elements

of A: ~
5 Ko Ay =} =
Ay Al -2 1

[l =27 -1 -2
= adiA:B‘: :|::|: :|

| -2 1 -2 1

1 2
Now, [A]= 5 _1|=—1—4=—5.4_U

. adjA 11-1 =2 /5 2/5
i lAl“”E[—z 1}[2/5 -1/5]
. A and B are invertible matrices

& |Al=0 and IB|=0
= [AlIB|=0
= |AB|=0 (-1AB|=1All8l)

So, (AB)Is an invertible matrix.
Now, (AB) (B'A"") = A (BB™)A"!
(from assaclative law of multiplication of matrices)

=(Al) A (-8B =1)

=AA" [~ Al=A)

=] [ AA™ =)
and (B'A™") (AB)=B"' (A"'A) B=B""(IB)

=BB=

(AB) (B7'A") = (B~'A7") (AB) =1

Hence, (AB)" =54 Hence proved.

. ~+Als a unit matrix, so A™' =/

and for matrix B,|B| =

. =ad -bc
d

and the cofactor of different elements are:
E“ = d, E]Z = -—b, BZ\ = —C, 822 =0
~. Matrix formed from cofactors

< )
C=

-C a
adiE:C':[i ﬂ

g _adB__ 1 [d —c}

"Bl " od-bc|-b a

Now AB=B (+A=l)
1 d -c

AB) =B = .

= (a9) Od_bc[_b ] ()

L
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and B'A" =B7I=8" -2
From egs. (1) and (2).
(AB)'=B7'A" Hence proved.

Long Answer Type Queslions

2
e 2
AII_( 1) _5

-3
—(_17\3
Ap=(-1| ,
-2
Ap =(-)* 4
.
C—
21 ( ) _5
-
Ay =(-1° i
-1
An=(-1 i
2
=1 4
Ay =(-1) 5
Az =(F | ]
.,
Az =(-1F .
g
All A!Z
C={Ax Ay
AEH AHZ
9
ad| A=CT=| -1
-8

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

LHS = (ad| A) A=|[B -14 -5||-2 2 1

1. Cafactors of the elements of A

1
2|=(4+5)=9
1
-
3 |--ta-a
2
|-
3
2|=_(_4+15)=_n
3
T )
;|22
2
=-(5+8)=-13
2|6
?|=(—2-6)=—8
?|=—(—1+5)=—5
2
=(-2-4)=-6
5 | )
Ag]l [9 B 2
A bud sl <l =88
An] -8 -5 -6
8 27 T =i 8
Jiy 48] wl@ G4 =8
5 -6] |2 -13 -6/

9 -1 -Bff-1 -2 3

2 -3 -6)|& -5 2

[-9422-32 -1B-22+40 27-11-16
=|-8+28-20 -16-2B+256 24-14-10

[ -2+26-24 -4-26+30 6-13-12
(-9 0 O 1 00
=l 0 -19 0 |=-19|(0 1 Df=-19
| 0 0 -I19 [0 0 1
-1 -2 3][9 -1 -8B
RHS=A(adjA)=(-2 2 1||8 -14 -5
4 -5 2]|2 -13 -6
[-9-1646 11+2B-39 B+10-1B
=|-1B+16+2 22-28-13 16-10-6
|36-40+4 -44+70-26 -32+25-12
-9 0 o© 100
0 -19 0 |=-19(0 1 DO|=-19/
o 8 -8 001
. LHS=RHS Hence proved.

1.3 3

2. 1A1=[1 4 3|=1(16-9)-3(4-3)+3(3-4)

13 4
=7—3—3=7—E=1‘.€D

Cafactors of the elements of matrix A are:

- 4 3 & ] 3 1A 1 4 :
e sl Thal " el
g 3 1 A 13
Ay = =B A= =T =
H |34|32214|1B|13|
g 3 1 3 1 3
A3|= 4 3|=—3.A32=—] 3 =D,A33=] 4|=1
-. Matrix formed from cofactor Is:
7A11 AE AB
B=[A; Ayp Ay
| Anr Az Ay
7 -1 -1
=(-3 1 O
-3 0 1
7 -3 -3
= adj A=transpose of B=B'=|-1 1 O
-1 0 1
13 3|7 -3 3
Now A (adjA)=|1 4 3||-1 1 O
13 4||-1 0 1
/-3-3 -3+3+0 -3+0+13
=|7-4-3 -3+4+0 -3+0+3
7-3-4 -3+43+0 -3+0+4
1 00 1 EI 0
=0 1 a|=()|0 1 of=IAl.I
0 | D01
] 7 -3 -3
Hence.A"‘=m-adiA= 4 1D (- 1A1=1)
-1 0 1
3. Let the glven matrix be A, then
1 3 -2
|Al=f-3 0 -5|=1(0+25)-3(0+10)+(~2)(-15-0)
2 R O

=265-30+30=25=0
Cofactors of the elements of the matrix A are:
]

AH=' 5

-5
=0+26=25
0 +

-3 -5
2 0
-3 0
Aa=[, c[=-15-0=-15
3 -2
5 0
=

Ay m =0+4=4
22 Fl 0

= (0+10)=-10

|=_(u+m)=_m

L
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1 3
Ap=- =-(6-6)=1
a=-|y 2J--6-

3 -2
Ag = =-15-0=-15
a=fp 2

1 =2
Ap=- =—(-5-6)=1
n-|y 250

] :4
An=|, o[=0+9=9

Ay Ay Agl [25 -0 -
B=|Ay Ayp Anl=[-10 & 1
Ay Ap Agpl [-15 119

[25 -10 -15] [25 -10 -15

sadiA=6"=|-10 4 1 |=[-10 4 ™
.15 11 9 -5 1 9
25 -0 -15
Hence. A":Ladihl -0 4 1
1Al 25| .- 1 9
T 2 =2 I 2 =2

. Given, B=(-1 3 0 |=I|Bl=|-1 3 0

0 -2 1 0 <2 1
Bl=1(3-0)-2(-1-0)-2(2-0)=3+2-4=1

Cofactors of the elements of the matrix B are:

2| @ O =
Bn=(-07| 5 o

=3.B,=(-1)? =1

-1 3 2 =2
={- 4 = =\- 3 =
Ba=(-1"|, _2| 2.8, =(-) |_2 1| 2
1 =2 1 2
Baz =(-1)* =18z =(-1) =2
22=(-1) 1|123()D-2|
. TG 1 -2
4 " (15 -
Ba=(0"5 ¢ |—5-932—( LA D| 2
T 2
B3z =(-1 =5
I
= )
. Matrix farmed by cofactorofB=|2 1 2 |=C(say)
6 2 5
4 2 6
ad|B=C'=|1 1 2
2 Z K
4B 3 2 6
Now, E“':E;Ell =({1 1 2
2 2 5
3 -1 1
Glven, A”=|-15 6 -5
5 =2 2

Therefare, (AB)™ = B'A™!
3 2 63 -1 1
=1 1 2||-15 6 <=5
22 8 H ~2 2

[9-30+30 —3+12-12 3-10+12
=[3-15410 -146-4 1-514
|6-30+25 -2+12-10 2-10+10
-
«({<2 1 O
|1 B 2

5. Glven systemn of equations: x +y+z=6y+3z=11

or0-x+y+3z=1land x +z=2yor x-2y +z=0

The above system of equations can be written in the
following matrix form:

AX =8
1 1 7T][x 6
0 1 3|fy|=
1 =2 1||z 0

where, A=|0 1

1

X 6
x=|ylandB=|T

z 0

T T ")

1 1 1

Here, |Al=|0 1 3

1 -2 1
=1(1+6)-1(0-3)+1(0-1)
=7+3-1=10-1=9=0

= System of glven equation have a unigue solutian.

Cofactors of the elements of matrix A are:

1 3 o 3
C"= -2 1’=1+E=7.C]2=-|] 1 '—"-(0-3)23
g 1 j
CB—- _I -2|=D-]=-].C2]=“|_2 ]‘=-(]+2)=-3
11 11
G = 1=1= 0 iy o ==(-2-1)=3
2= as-|y S|--t2-
11 1 ]
Civen ad-1a? Civa S B
a=|) 2|y 3f--6-0
11
n =1=0=1
A IEI 1
7 8 =1 ¥ =2 2
adjA=[-3 0 3|=[3 0 -3
Z 231 = 5 1
T 4 2
= A-*zl%l.(adm)ugl 5 T el
= 3 H
Now, X=A"l.8B
% 1‘7 -3 27[8]
v =3 3 0 -3|[n
z -1 3 1]|0]
X [42-33+0 r9 1
= y m'gl 1B4+0-0 ="1 18|=|2
z | -6+33+0 127] |3

Hence, X=ly=22z=3

L
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(a'a)B=A"(615)

matrix form as below:

1 =1 0][x] [3 37
o 1 2llzl |3 7
3
=5 (A"'A) X = A=Y 17
7
-3
— X=A"Y17
_7_
f3
= X=A117
-7—
'Z 2 413
= X=% 4 2 —4l||17
|2 1 B]L7F
[ 6+34-28 12
= xm% 1269420 | | <&
| 6-17+35 24
X 12/6 2
—— X= y = —E/E =1

z 24 /6 4

On comparing, we get
Xm2 y=-land z=4
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1 -10 2 2 -4
6. Glven. A=|(2 3 4|andB=|-4 2 -4
01 2 2 -1 5
[l =T E 2 2 -4
AB=|2 3 4|x|-4 2 -4
01 2/]|2 a5
[(2+4+0 2-2-0 -44+44+0
=4-124+8B 4+6-4 -B-12+20
|0-4+4 0+2-2 0-4410
(6 O 0 1 00
=(0 6 0O(=6|0 1 0|=61/
0 06| (001
=  AB=61

Now premultiplying by A~ on both sides, we get

= 13B=6A" [-AA™ = 1= A7A)
= B=6A" [-Al= A=14)
= A'=lp
5
2 2 -4
= A=l s 2 4 (1)
2 -1 5§

Now, the given system of equations can be written in

{pre-multiply by A=' on both sides)

(- X=X}

(from eq. (1))

1 -1 2

7. Let A=|0 2 -3
|3 =2 4

(-2 0 1

and B={9 2 -3
6 1 -2

L =1 2= 8
AB=(0 2 -3{{9 2 -3
3 -2 4|6 1 -2
[ -2-9+12 0-2+2 1+3-4
=| 0+1B-18 0+4-3 0-6+6
-6-1B+24 0-4+4 3+6-8

(1 0 0
=|0 1 0|=l4

[0 0 1
Since, AB=/
Now, premultiplying by A™' on both sides,

(A7'A)B=A"1 [-A"A =1= AATY

= IB=A" = Atl=A"= [A"]
= B=A" [-1B=B=8I)..()

Now, the matrix form of the given system of
equations can be represented as:
1 8 3} 2,
-1 2 =2|ly|=| 4

2 -3 4]|z] |3

1 0 37
Here.itIs clearthat| -1 2 -2 [=AT
2 -3 4|
x]1 [9
Ally|=| 4
1z] |-3
%] 9
— (AT)-IAT y =(AT)-1 4
| Z ] -3

(On premultiplying by (AT)™! both sides)
[ x] 9
= Iy |=(A")] 4
z -3

X 9
= y|=8"| 4
z

6 1 -2||-3
x| [-1B+36-18]
= |y|=| 0+8-3
z| L 9-12+6 |

On comparing, we get
x=0y=5andz=3

L
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[2 -3 §”

B. Given.matrix A=|3 2 -4
(1 1 -2

2 -3 5

So,det Aor|Al=|3 2 -4

1 1 =2

=2(-4+4)+3(-6+4)+5(3-2)
=2x0+43(-2)+5())
=0-6+5=-1+0

. Inverse of A exists.

Now, cofactars of matrix A are given below:

A,,:(—])'“f :;|=(-1)2(-4+4)=u

Ag=(-1)"? ? :g|= (-1 (-6+4)=(-))(-2)=2
AB=(—1)"3? f‘:(_n“ (3-2)=1x1=1

A= 2 |=(.1)3 (6 ~E)m AT
AH:(—DZ”? ’ (-1)* (=4 -5)=1x(-9)=-9

A ~(-1)2°3? |= (=1 (2+3)=(-) x5=-5
Ag=(-1)*" '23 _4|=(-1)" (12-10)=1x2=2
A32=(-1)3°2§ _4\ (-1° (-8B =15)=(-1)x(-23) =23
A33=(-1)3°3§ 23| (<% (4+9)=1x13=13

So; adjoint of A [e,

An An A
adiA: A Az Axn
Azl Az Am;

2 TP o o4 B

=[=1 =9 5| =|2 =9 23

2 23 13 |1 -6 13

A= w2dlA
AT
B oo 3 (8 0 =2
=-|2 -9 23|=|-2 9 23| .()

P =& 13 |1 5 =4

Now, the glven system of lUnear equations can be
written in matrix form as below:

2 -3 B][x 1

3 2 ~4||ly|=|-B

T 1 -2]|z| | -3

1 2 3 5
-5 - A=|3 2 4
<3 1 T =2

Premultiplying by A~ on bath sides:

X

(A7'4)|y |=A"-5

z

o
= hly|=

Ed

1

[~ A”A=13=AA™")
-3
[0 1 =27
-2 9 -23||-5 (fromeq. (1))
| <1 5 -13]|-3
0-5+6
2245469 [-Al; = A = A
| -11-25+39
[
2
3

On comparing, we get

x=l,y=2andz=3

Glven, matrix A=({0 2 =3

i - 32
3 -2 4
1 & 3

dEt(A):; 0 2 -3

3 2 4
=1(8-6)+1(0+9)+2(0-6)
=2+9-12=-1+0

So: inverse of A exist.
Now, cofactors of matrix A are.

Cum M| 2, T |2 E-6)=2
Cpp=(-)"? g f =(-1*(@+9)=-9
Ca=(-02[] 2 |- (0-6)= 8
Cxn=(-1**" __21 i =(-1? (4 +4)=0
Cop = (-1 ; 2|=(-1)“ (4-6)=-2
Cp3=(-1)22 ; | (<) (-2+3) = -1
C31=(—1)3“|_21 3l (3 4) = -1
T 2

Caz=(-122

Caz=(-1)?

=(-1°(-3-0)=3

o -3

: “21|-(—1)“(2—0)=2

So, adjoint of A le.

adj A =

Cn Co Col
Cn Gy Cp
[Car Caz Cy
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10.

=lg -2 glsl9 2 3
Jda %118 3 3
3 0
Now, A4=3dA_1| g9 5 3
1A —'I_E § 5
30
|9 2 3
B 1 -3

The matrix form of the given system of equatlons can
be represented as

1 -1 2]|[x 1
o 2 3||yl=1
3 -2 4|z =
SRR
= A ViI= 1
gz, 3,
Premultiplying both sides by A"’
[ x| [1
A'Aly | =A1 [ A”A =1 = AA™")
o E
6] T=2::@ 1|1
= Ilyl|=l9 2 -3|1 [-IA=A=Al
|z] |6 1 -2]|3
[x] [-2+0+3 1
= yl=| 94+42-9 |=|2
| z) | 6+1-6 1

On comparing both sides, we get
x=1l,y=2 andz=1

Glven system of equations can be written as,
204+3v+10w =4
4u-Bv+5w =1
bu+9v-20w =2

where, u=l.v=landw=l
X V rd

The above system of equations can be written in
matrix form as below:
2 3 101][u 4
4 -6 B [|v|=]|1
2

6 9 -20||w
or AX =B (1)
2 3 10 u 4
where, A=({4 -6 5 | X=|v|andB=|1
e 9 -20 w 2
Z 3 10
|Al=14 -6 5
6 9 -20

=2 (120-45)-3(-B0-30)+10(36+36)
=2x75+3x110+10x72
=160+ 330+ 720=1200=0

So, Inverse of A exist.

Now, cofactors of matrix A are as follows:

6

5
Ay=(-)*! & _20|= (<)% (120-45)=1x75=75

Ap =(-)*? lg —iul= (=17 (-B0-30)= —1x-110

=110
4 -6
An= (-3 g |=(-1)“ (364+36)=1x72=72
3 10
(2] (1 (60— T
Ay =(-1) ‘9 _2n| (-1 (-60-90) = -1x-150
=150
2 10
Agy=(-1*? =(-1)* (-40-60)=1x-100
a=(2|0 |- (a0-60)-1x
=-100
A
Ass = (TP " 9|=(-1)5 (18-18)=-1x0=0
10
Ay = (-1 36 - =(=1)% (15+60)=1x75=75
2 10
Ay =(=T)P** 5 |=(~1)5 (10-40)=-1x(-30)=30
2 3
Agy=(-1)33 & e =<1 (<12 S12) = 1x(=24)
=
Ay A, Asl" [756 ma 727
11 12 3
adjA=|An Axn Ax| =[150 -100 DO
LAar A3z Am 75 30 -24
[75 150 75
=|no -100 30
|72 @ =24
. adA
&g, A=2
[A|
] 75 150 75
e 10 -100 30 (2)
72 0 -24
~+ From eg. (1),
AX =B
or X=A"8
1 (76 150 75][4
= |v|==——=|110 -100 30||1
1200
w | 72 0 -24]|2
1 (300+150+150 ] 600
= ——oI| 440-100+60|=——| 400
1200 1200
| 28B+0-48 2400
o X
X 2
e |l
3
Il
Z 5

Comparing corresponding elements, we get
O i OO 0
w— e, e O e o= O e
X 2y qz &

= XJ=2.V='3-Z=’5

L L o s s o



.

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

Multiple Choice Questions

QL

Q2

Which of the following is correct?

a. Determinant is a square matrix

b. Determinant is a number associated to a matrix
c. Determinant is a number assoclated to a square

matrix
d. All of the above

If Ais an invertible matrix of order n, then |adj 4| is
equal to:

a.|AF b.JAF !

c.lAap- d.|AP*?

Assertion and Reason Type Questions

Directions (Q. Nos. 3-4): In the following questions, each
question contains Assertion (A) and Reason (R). Each question
has 4 chaices (a), (b), (c) and (d) out of which only one is
carrect. The choices are:

Qa.

Q4.

a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of
Assertion (A)

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

c. Assertion (A) Is true but Reason (R) Is false

d. Assertion (A) Is false but Reason (R) Is true

2x 5| |6 =2

,then x =t 6.
8 7 3

Assertion (A): If

Reason (R): If Aand B are matrices of order 3 and
|A|=4,|B|=6,then|2AB|=192.

Assertion (A): Minor of an element of a
determinant of order n (n =2)is a determinant of
order n.

Reason (R): If Ais an invertible matrix of order 2,

then det (A™)is equal to %

Case Study Based Questions

Q6.

Case Study 1

A factory produces three items every day. Their
production on certain day is 45 tons. It is found
that the production of third items exceeds the
production of first item by & tons while the total
production of first and third item is twice the
production of second item.

Q6.

Based on the given information, solve the
Jollowing questions:

(i) If x, y and z respectively denote the quantity
(in tons) of first, second and third item
produced, then find the given conditions
algebraically.

-1

I 1 3 2 2 2
@K1 o -2 =%3 0 -3/ then find
1 -1 1 1 -2 1
1. 1 1
theinverseof(1 0 -=1|.
1 -2 1
(iii) Find the ratio x : y : z.
Case Study 2

Manjit wants to donate a rectangular plot of land
for a school in his village.

When he was asked to give dimensions of the
plot, he told that if its length is decreased by
50 m and breadth is increased by 50 m, then its
area will remain same, but if length is decreased
by 10 m and breadth is decreased by 20 m, then

its area will decrease by 5300 m?.

‘ X .
Based on the above information, solve the
Jollowing questions:

(i) Find the algebraic equations in terms of x
and y.

(i) Find the values of x (length of rectangular
field) and y (breadth of rectangular field).

L



(iii) How much is the area of rectangular field?
Or
How much is the perimeter of rectangular
field?
Very Short Answer Type Questions

10 -
-5

2
Q7 IfP =[ 1} then find P! if exists.

2+x 3 4
ge. | 1 =1 2 |is a singular matrix, then find
X 1 -5

the value of x.

Short Answer Type Questions

Q9. Find the cofactors of elements a,,,a,,,a5,

1 sin® 1
respectively of the matrix| - sin 0 1 sin@ |
-1 -sine6 1

Q10. If the points (3, - 2), (x,2), (8, 8) are collinear, then
find the value of x.

=& o
Q1. ForA= write A7
1 -1

013 1/2 -4 5/2
Q12. IfA=(1 2 x|andA™'=|-1/2 3 -3/2
23 1 1/2 y 172

then find the value of x and y.

Long Answer Type Questions

1 2 2

Q1. IfA=(2 1 2|, then find A~ 1. Also verify that
2 21
AA =ATA=L

1 1 -2
A. Also find the solution of the following system
equations:
2x -3y + 5z =11,
3x +2y =4z ==5,
X+y=2z==-3

2 -3 5
Q4. IfA= [3 2 -4] , then find the inverse of matrix



