A number that determine whether the system of linear equations, like

a4 by = ey, agx+ by y = ey has a unigue solution or not, is called determinant, In
the previous chapter, we study about matriees and algebra of matrices, Here, we will
study determinants, its properties and various applications.

DETERMINANTS

Determinant
To every square matrix A = [a; ] of order n, a unique number (real or complex)
can be associated, which is callcd determinant of the square matrix. In other

words, we can say that if M is the set of square martrices, K is the set of numbers

(real or complex) and f: M — K is defined by j(A) =k, where A€ M and v . T - ST -
ke K, then f(A) is called the determinant of A. It is denoted by A (read as CHAPTER CHECKLEST
delta) or det (A) or [ 4] * Determinant

ay a4p a4y, » Use of Determinants in
i.c. if A =[],y then | A]= an dn . Ay Coordinate Geometry
: * Minors and Cofactors

dy @y ... @ o ;
Wil s - * Adjoint and Inverse of a Matrix

Note

(i) For matrix A | A| is read as determinant of A and not read as modulus of A,

(i) Only square matrix has determinant,

(iil) In determinant we can determine the value but in matrix we cannot determine the value,
(iv) Here, we will study daterminants upto order three only with real entries.,

» Applications of Determinants
and Matrices

Determinants of Matrix of Different
Orders and Their Expansions
DETERMINANT OF A MATRIX OF ORDER 1

Let A =[a] be a square matrix of order 1, then |A|=|a|= 4,
i.c. clement itself a determinant. e.g. |3|=3

DETERMINANT OF A MATRIX OF ORDER 2 DETERMINANT OF MATRIX OF ORDER 3

a ) (EXPAMNSION ALONG ROW OR COLLIMMN
Let A= d” B 3 be a square matrix of order 2% 2. STEP-BY-STEP
ETREES: . . .
Determinant of a matrix of order three can be determined
Then, det () or |A|_|:il | iy —ay g by expressing it in terms of second order determinants.
N An This is known as expansion of a determinant along a row or

i.e. determinant of order 2 is equal to the product of
diagonal elements minus the product of non-diagonal

elements, c,g.lﬁ _";|-Zx{-1]-nx3-—2

a column, There are six ways of expanding a deverminant of
order 3, mn::pnndjng to cach of three rows Ry, R,, Ry and
rhm: columns €, 05,0y gmnF the same value. Let

A=lay ]_:, «3 be a square matrix of order 3, then
i i



EXAMPLE |1] Evaluate the following determinant.

3 5
@) 12| w3 3
i=1 1 cosll = gin @
(i) ¥ Fexe () sin @ tNEl
Sol (i) Clearly,| =12|= =12 [2|=a|==a)
(ii) We have, _z : m3x4=(=2)x5
[ ::: ::1 '“u“ﬂ'*‘t-“ﬂ]
=12+ 10 22
x=1 1 ] i
{iii) We have, Y 2 exel m{x=1)x"+x+l)=x
[ ::: :: e Thr ™ '*‘:-“u]

=(x’=1)=x" [ (a=b)(a* +ab+b’)=a’ = b']
-]
{iv) We have,

in®  cos® =cos b ¥ cos B ={sinf j{=sinf)

=cos 0+ sn’0=1

dyy  dp
az dg

=yl = Ay ﬂu]

[ eos® x + sin’ x =1]

. . o2 & x4
EXAMPLE |2 =
|2| Evaluate Ilf‘5 1| Fﬁ x}'
|Delhi 2016C)
ix 4

Sol. Given, |2 *l-
6 X

5 1
2Hl=GMdmIv K x=6x4d
2w 20m 2x" =24

=1hm2x® =2

I

2:*-& =5 r." =3

Intqﬁ

EXAMPLE |3| Evaluate the determinant of matrix

34 5
1 1 =2.
2 3 1

3 -4 5
Sol. LetA=|1 1 =2 |then
3

[taking square root]

2 1

-4

|Al=jt 1
2 3

5
-2
1

) 4 A

[A|=lay  an ay

Ay Ayp Ay

Expansion along First Row (&) For expanding the
determinant of A along first row, we use the following steps
I Multiply first clement a;, of B, by (~)""

[ie. (- mel B inag ] with che

determinant obtained by deleting the elements of
first row (R, ) and first column (€, ) of | A |as a,, liesin

second  order

3y A3y

Ty gy

Il Multiply second element a;; of R, by (-)"*?
[i.e. (=pumelfnifsaing: | wih the second order

determinant obtained by deleting the elements of
first row () and second column (C,) of | 4| as ay,

Ryand € ie. (=" ay,

Ay Ay

R TR

I Muldply  chird  element @y  of R by
(=1"" [e(=nem 0 a | pith the second

order determinant obtained by deleting the elements
of first row (R, ) and third column (C, ) as 4, lies in

lies in Ry and C,, ie. (-0'** 4y,

1 Ay

Riand Cy, e (-1)'™ 4
H dy dy

IV. Now, the expansion of determinant of A written as
sum of all three terms obtained in steps |, 11 and 111

I i
det (A)=|A|=(=D"" g, | "2 B
dyy Ay
i il i
+{-1lmﬂu 21 *-"+|{-|}'+3.q”|ﬂ“ n
y gy dy

or |A|=ayayay —ayay)
—ayylay ayy —ay ay)+aylay ay —ay ay)

Wy @y Sy Ty Sy dyy )y dy) dyy
gy gy ay gy dy Ay —ay ay ay i)

Mote We can find the detarminant of order 3 by using step IV directly,
EXAMPLE |4| Evaluate the determinant

0 sina =cosa
A=|=sina 0 sin
cosx  =sinfi 0
0 sin(x  =cos
Sol Given, A =f=sine 0 sinfd
cos ¢ =sinf} 0

=0 [0=(=sinfd)(sinf})])=(=sinc fsinc 0= cos e sinfi)
+cosa(sinasinfl =0) [expanding along C, ]
=0 +sinc(=cos (asinfl) + cos asinasin



1 =2
2 1

1 =2

=(=1)""'(3) |3 l

+{-u"’{-u‘

+{-1}""{51| ) ;|
[expanding along R ]
= (=1)*3 [1 %1 =3 % (=2)] 4 (=1)(=4)[1 X1 = 2 (=2)]
+(=1)"5(3=2)
= W1 +0)+4{l #4)+51) = 21+ 2045 = 46
Expansion along First Column ((}) On expanding the
determinant of A along first column (€} ), we get

I+1 @y Ay 3+ L F LT
I‘dl-{-u N ET] a +{'-'].] Ay a

2 2 AR

i 'y o

£y Axn

=aylapay — ayayp)—ay (aay —ajag)
+ay (ayay —apayn) .00
or |A|=aanay = ayayayn —ayapay,
tag gy taydpagy — dydyydy
or |A|l=ayapnay = ayanay = apayay +agad
iy Ay iy =)y @y dy <)
Clearly, the values of | A | from Eqs. (i) and (ii) are equal.

Hence, expanding a determinant along any row or column
gives same value.

Similarly, we can expand along R, Ry,C; and €
step-by-step,
Mote
{i) For easier calculations, we shall expand the determinant alang
that row of column wiech conlaing masximum number of zeroes,
(i) While expanding, instead of muliphing by (=1/*/, we can
mulliply by +10or =1 accoeding o {f + j)is even or odd,
Or

While expanding the dederminani, we can aitach the following
“+" and "= signs.

1 *
[ |

+
+

2x x+3
2Ax+1) x+1

of x.

10 l!A-[; _2l]and8-

91r then find the value

3 3

| 1 5
-
[Delhi 2013C)

1 3} then write the

-1 1
value of |AB|.

SHORT ANSWER Type Questions

11 If there are two values of @ which makes
1 =2 5
determinant, A=|2 a =1 |=86, then find the
0 4 2a

sum of these numbers. INCERT Exemplar|

cosecosf cosasinfl =sina
=-sin cosfp 0
sinacosfl sinasinfi cosa

[Delhi 2015C)

12 Evaluate

= =sind cos @ sinfi + sind cos asinf =0

| TOPIC PRACTICE 1 |

OBJECTIVE TYPE QUESTIONS

xr 2| |e 2

1 [l’lIB o|=lis El.thrnns equal to NCERT)

(a) G (b) 6

(e) =6 (d) zero

0 x=a x=b
2 Iff(x)=|x+a O x=c|then
x+b x+c 0 [NCERT Exemplar]
(a) fla)=0 {b) f(b)=0
{c) flO)=0 (d) F(l)=0
X sind cosd

=ginlk =x 1|is

cosh 1 X

3 The determinant

(a) independent of Bonly

(b) independent of x only

(e} independent of both Band x
(d) MNone of the above

VERY SHORT ANSWER Type Questions

4 Write value of the drtrrminantl FE : P ; 1
o tans [Delhi 2014C)
SEC =lan
5 Evaluate -tand  sec® | [NCERT)
6 Evaluate|©°815 sinl¥
sin 75 cos 75 IAI Invddiia 201 1)
logs 256 log, 3
7 Evaluatel logs 8 log, 9
8 1f |2; i.? 'g.thtnﬁndthruluenrr.
[Delhi 201 4]
4. Let A-| b 0
p=1 p
=pi=(p=1)(p+1)
- P:_(PJ -1) [ (a+bNa=b)=a* =b]
-p’-p3+lll
secH =tanb
5. We have, st RO

=500 0 X secl = (= tan 0) X (= tan 0)
=sec’ O = tan’0 =1 [sec’® = tan®0 = 1]

cos 15°  sin15°
sin 75°  cos 75°

= o8 15°cos 75° = sin 15° sin 75°

= cos(15° + 75°)
[ cos A cos B =sin A sin B= cos(A + B))

=cos9P =0

6. We have,




logy 256 log,3
7. We have, l“?!.! hg.."i"

| HINTS & SOLUTIONS | « log, 256 log, 3= logy 8 og, 3

= log, 2* x log, 3 -Ing,fxlug‘:l

. x 2 i
L (b) Given, 18 I.Ll j:;f-:lﬁ-:h-sﬁ =8 log, 2 2 log, 3 =13 log, 2x log, 3
.= L}
= e rets [ log m™ = n log m]

i 0 a=bhb
Eﬂ ﬂ a=
a+bh a+ec 0

=[la=b){2a-(a+c)] 0

=16 hsahllng,ﬂ-llug,le log, 3
X (c) Clearly, fla)= 2 2

1
' logu b — log, b
[ b
3

0 b=a 0 mp= [ log, 2x log,3=1]
fibymlbta 0 b=¢ 13
2 h+e 0 'T
== (b =a)[2hib= )] o
== 2b(b= g} (b=c) w0 B. Similar as Example 2. [Ans. v = #6)
2x x+3 1 5
0 =g =h 9. We have, -
foymla 0 =-c Aty s
Foe 0 =5 Za(x +1)=2{x+1){x +3) = A=15
3 H
= a(bc)=blac)m abe = abe = 0 = W tix=2x +dr+x+d)m=12
= ' 42r=2x'mbx=2y=bm==]2
x sinb cos@ =3 -y = -]
3. (a)Let A=|=ginfl =x i = =ty ®=12+b==h
cos 1 X = xm]
=y =y’ =) =gind (=xsind =cosd) N 21 [1 a
+ cos b (=ginfl + xcosd) 1o Wehave..&-lj -1JMH-l-I 1]
== x' = x4+ xsin®0 + sind cos B = sinfeosh + xeos*O 1 21 31 [i=2 3+2] [=1 s
MNow,
--r"'-x+x{dn’ﬁ+ca|*ﬂ}l-r"-x+r WM.[I’ -IJ[-I I_I-I_:H-I "il-l_l'l_* 3]
[ sin*0 + cos*0 =1] = |AB|= ': :‘
= = x*, which is independent of 1,
= == 3 = =2
1 =2 5 costcosf} cosasinfl =sina
Il. Wehave, Am|2 g =1 |=86 12. LetA=| =sinf) cos f} 0
0 4 2a sinctcos ) sinasinfl  cosa
= 2" +4)=2=4a=20)40m86 Expanding along R, we get
[expanding along first column] A = cos  cos (cos & cos f} =0) = cos « sin [

2a° 44 +8a+40=86

= (= cos ¢t sinf} = 0)=sin ot (=sin® [} sin ¢ = cos® f§ sin )
z -

= " +8atU=86m0 = cos’a cos P+ cos’a sin® B+ sin’ & (sin*P + cos*P)

= a +4a=21m0 . 3 = IR 2 2

2 el e = cos” (afcos” f +sin” )+ sin” o (sin” B+ cos” i)

- (a+7¥a=3)=0 = (cos a)(1) + (sin” ) (1) [ cos0 +sin0 = 1)

= am=7and3 =cos’ « +sin’ «

o Requiredsum= =7 ¢ 3=m =4 =]

| TOPIC 2|

Use of Determinants in Coordinate Geometry

We can use determinants in geometry also. Here, we will atls]2 t|ogl=t 1=t 2
use determinant to find the area of triangle and o find 27| 1 5 1 5 1




equation of line,

AREA OF A TRIANGLE

Let the vertices of a AABC be A(xy, yy), Blx;, y;) and
Clxys 73) Ay, o)

8 c
{xa. y2) (3. ya)

Then, in the form of determinant,
| N 1 1
Area ofAABC-S X, y2 | -;[x.(y,-y,)
3o 1T
+x3(yy = ) +x30 = 3l

Note
(i) Area is a positive quantity, so we take the absolute value of
daterminant,
(il) It area is gven, then take both negative and positive values of
daterminant for calculation.

EXAMPLE |1| Find the area of the triangle, whose
vertices are (3, 8), (= 4, 2) and (5, 1).
Sol Given vertices of a triangle are (3, 8),(=4, 2)and (5, 1),
Let (x,,y,)=(3,8). (x,, y,) = (=4, 2)and (x,, y,)=(51)
x 1 3 81

x,ygl -4 21
Xy ys 1 511

Then, area of triangle = N = -

EXAMPLE |3| If the points (2, — 3), (A, — 1) and (0, 4)
are collinear, then find the value of A.

Sol. Given points (2 = 3), (A, =1)and (0, 4) are collinear.
S, area of triangle formed by these three points will be

ZETO,

2 =31

L o=1 1|=0

o 4 1
= d=l=4)+ A =01+ 14h=0)=0

[expanding along R, |

=+ 2(=5) 43 444 =m0
= Th=1=0 = .5.,-1:;—“

]
Hence, required value of 2 is 1?

EQUATION OF A LINE THROUGH TWO POINTS
Let Alxy, y,) and B(x;, y2) be two given points, then the
line joining A and B is given by considering any point
P (x, y) on the line, so that the points P, A and B are

.%(3(2-1)-3(-4 -5) 4 )= 4 =10)]
-%[3072-!4]- %lsq units

EXAMPLE |2| If the area of a triangle with vertices
(=3, 0), (3, 0) and (0, k) is 9 sq units, then find the
value of k.

Sol. Given area of a triangle with vertices (=3, 0), (3, 0) and
(0, k) is 9 sq units,

l-3 01

We have, -3 0 1|=%9
2o k1
-3 01

= 3 0 1lj=218
0 k1

=5 =H0=k)=0+1(3k=0)= 118
=9 3k +3k =18 = 6k =118
= k=t3

Condition of Collinearity
for Three Points
Three poimts Alxy, y)), Blx;, y;) and Clxy, y;) are

collincar if and only if the arca of triangle formed by these
three points is zero

o n !
Le. x; y2 =0
Xy yy |

= Ix=6ay+ 0=

= x=3y+ld=0 [dividing by 2]
which is the required equation of line joining points

Pand (2,

Mow, according to the question,

Area of APQR = 9 m*

1mn 71
5 5 1
=1 k1

- area of atriangle with vertices (x,, w ),
x ¥ 1
X2 Va1
Xy ¥y 1

=19

=

(x5, j";}m'[ﬁ'y Fl}.%

= %[:|{s-k1-m+:}+usk+sn-ﬂ
[expanding along &, ]

=5 Eim]lk=42+5k+5m £i8

= (=6k+18) m 218 =5 =Gbm=18218

=18 418

For positive sign, k = i

= iy



collinear,

X oy A % ¥
Thus, we have 35 n I|=0or|x, » 1|=0
x on ! 2 on

which gives the required equation of line,

EXAMPLE |4| Find the equation of line joining (2, 3)
and (-1, 2) using determinants.
x y 1
N onl
oy !
Consider, (x;, y;)=(2 3)and (x;, y;)= (=1, 2)
x y1

2 3 1|=0

-1 21

= x(3=2)= W241)+ 14 +3) =0 [expanding along R,]
=5 x=3y+7=0

Sol. Equation of line is given by =0

EXAMPLE |5| Find the equation of line joining P(11,7)
and Q(5, 5) using determinants. Also, find the value of k, if
R(-1, k) is the point such that area of APQR is 9 m®.
Sol. Let A(x, y)be any point on line PQ. Then, the points
P, Q and A are collinear.

¢ By A0
$ §1

X'y}

So, 0= 11(5=y)=T(5=x)+1{(5y=5x)=0

[expanding along R;]

= 55=11y=354+7x+5y=5x=0
VERY SHORT ANSWER Type Questions
5 Find the area of the triangle whose vertices are
(=2, =3),(3,2) and (-, - 8). INCERT]
6 I the points (a,, b)), (ay, by) and (a, + ay, by + by)
are collinear, then show that ab, = azb,.

7 Find the equation of the line joining (1, 2) and
(3, 6) using determinants, INCERT)

SHORT ANSWER Type | Questions

8 If area of a triangle is 35 sq units with vertices
(2, = 6), (5, 4) and (k, 4), then find the values of k.
INCERT)

9 Using determinants, find the area of the triangle
whose vertices are (1, 4),(2, 5) and (- 5,- 3). Are
the given points collinear? INCERT)

10 Find the value of &, if the points (k + 1,1),
(2% + 1, 3) and (2% + 2, 2k) are collinear,

and for negative sign, k= L:m =6

Hence, the required values of kare 0 and 6.

| TOPIC PRACTICE 2 |

OBJECTIVE TYPE QUESTIONS

1 The area of triangle with vertices (x,, y,),
(X3, yg) and (xg, yy) is

1 nl 1 M n 1
(a) A--z- s )2 1 (b) A-E Y, ya 1
3 Yzl 3 yal
oy on 1
(¢) A= fx, y, 1 (d) None of these
3 yal

2 Areaof the triangle whose vertices are (a, b + ¢),
(b,c+a)and(c,a+b), is
(a) 2 sq units
(c) O sq unit

(b) 3 sq units
(d) None of these

3 Ifarea of a triangle is 35 sq units with vertices

(2, = 6), (5 4) and (k, 4), then k is INCERT)

(a)12 (b)-2 (¢)=12,-2 (d)12,-2
4 The area of the triangle formed by 3 collinear

points is

(a) one (b) two

(c) zero (d) four

5. The area of triangle with vertices (x, ¥, ). (x,, ;) and
(xq, ¥y)is given by

n onl

X Nl

LY

Consider, (x,, », )= (=2, =3), (x,, ¥} =(3, 2)
and (xy, yy) =(=1, =8)

1 = =3 |

Am=] 3 21

el =8 1

a-'—

-%[-2{2 + B) o+ I+ 1)+ =24+ 2]

[expanding along R, |
.%[-zm 12 = 22)m =15

Since, area is always positive, so we neglect the
negative sign.
Hence, the area of iriangle is 15 sq units.
6. If the given points are collinear, then
a b, 1
i by ifm0
a +a, b+b 1



SHORT ANSWER Type Il Question

11 Find the equation of the line joining A(l, 3) and
B(0, 0) using determinants and find k, if D(k, 0) is
a point such that area of AABD is 3 sq units,
INCERT]

| HINTS & SOLUTIONS |

L. (a) By formula of area of triangle.
2. (c) Area of triangle,

a bec 1
b c+a 1
c a+b 1

A.l

= -lz-lai(c ta)=(a+b))=(bec)b=c)
+1{bla+ b)=clc +a)})

[expanding along R, ]

= ';[a(e-b)-(b' =c*)4(ab+ b =c* =ac))

-‘;[ac-ab-b‘ +ct vabe b =c? =ac)

-lx()-o
2
1 2 =61
3. (dHint=|5 4 1|=+35
2k 4 1

4. (c) By definition of collinearity.

| TOPIC 3|

Minors and Cofactors

Here, we will study how to write the expansion of a
determinant in compact form using minors and cofactors,

MINOR

Minor of an clement 4y of a determinant is the
determinant obtained by deleting 7th row and jth column,
It is denoted by M ;.

L
2 0.3
eg letA=|1 =3 4 Then, minorofa,,,ic. minorof
7 65

2, is the determinant obtained by deleting first row and first

column,

A -3 4
ie. M, = 6 S

Note Minuolmdmua.dadu«mimm of order n(n 2 2) has
orcler (n - 1)

COFACTOR

==15-24=-39

= ay(by = by = by)=b(a; =a, =a;)
+{a,(b, +b,)=b,(a, +a,)} =0

[expanding along R, ]
= ay(=b)=b(=a,)+ah +ab, =ba =ba, =0
= =a.b, +ba, +a,b, +a,b, =b,a, =ba, =0
= -ayby +ayby, =0
= asb, = ayb, Hence proved.
7. Similar as Example 4. [Ans, y = 2x]
2 =61
8. Given,—|5 4 1|=235
2k 41
= 24 =a)+6(5=k)+1(20=4k)=%70
= 0430 =6k + 20 =4k =270
On taking positive sign, we get
- 10k + 50 =70
= - 10k = 20
= k==2
On taking negative sign, we get
=10k + 50 = =70
= =10k = =120
= k=12

Hence, the values of k are 12 and =2

9. Solve as Question 5. [Aus. -‘;3- No]

10,  Similar as Example 3,
[Alu.knzork--';l

11, Similar as Example 5. [Ans, y=3xand k = £ 2]

If elements of a row or column are multiplied with cofactors
of any other row or column, then their sum is zero,
c.8. ﬂ“(. 1|+ﬂ |2(.n +¢u(. n

a a a a
-d“(-l)z" 12 13 +al2(_|)2+2 1 (R]
ay Aay ay, 4y
248| 4 a
+d”(—|) + ‘ll 12
i “p

=—ay(ayy ayy —ay ap)+aylay ay —ay ayy)
=y (ayy ayy = ay ayy)
Ssdpdpay taaydyta,a)ay,

g Ay dyy gy gy tagydy ay =0

5 6 -3
EXAMPLE |1 If A=|-4 3 2|, then write the
-4 <7 3

cofactor of the element a,,.



If M is the minor of an element &, then the cofacror of
a is denoted by €y or Ay and defined as

Cyordy=(=0"1 M,

2 0 3
e.g let A= |1 =3 4
7605

Then, cofactor of a, |, i.e. cofactor of 2
- {-“I o minor ﬂrﬂj i
ie. C==0""{-39)=-39

Expansion of Determinant

in Terms of Cofactors
e Mz Ay

The determinant, A=| a4y, a3 4,5 |can be written in
I Tn Ty

terms of cofactors as a), €, + a3 Cj3 + a3, Oy

or dll{:.ui'dll{:ui'dlj{:.u

ie. A= Sum of product of elements of a row with their

corresponding cofactors,
We can also write, A= Sum of product of elements of a
column with their corresponding cofactors,

EXAMPLE |3| Find the minors and cofactors of the

12 0
elements of first row of determinant 3 & =1l
4 7 8
Sol. The minors and cofactors of the elements of first row of
1 2 0
the determinant| 3 5 =1 |are given below
4 7 8
5 =1 ) .
My, -l 7 8I [minor of an element ay, ]
=40+ 7 =47
M,= 3 -;I [minor of an element a,, |
=24+4=28
M, -‘ 3 ,‘;’ ‘ [minor of an element a,,]
=ll=20=]

Cy=(=1)"" M, [cofactor of an element a,, ]
=(=1)' x47 =47

Cam(=1)"* M,
=(=1) x28m =28

Cpym(=1)'""" M,

=(=1)' x1=1

[cofactor of an element a,,]

[cofactor of an element a,,]

5 6 =3
Sol Given Am|=4 3 2
-4 =7 3

Now, cofactors of ay, = (=1)**'

B =3
7 3 m==(18=21}m3

EXAMPLE |2| Find minors and cofactors of all the

elements of the detemimntl : '; |

Sol Minors of elements of determinant i -; | are
M, =5 [minor of an element a,,
Myy=3 [minor of an element a,;]
My = =] [minor of an element a;;
and My m 2 [minor of an element g,,]
Cofactors of elements of determinant i -; are

Com(=)'"" My,
=(-1)x5m5
Ciz =(=1)"? My
m(=l) im=3
Cy = (=1 My
=(=1)" x{=1) =1
Cpm(=1)""% M,
w(=1)' % 2m2

[eofactor of element a,, |
[eefactor of element a;,]
[cofactor of element ay, ]

[cofactor of element a,,]

4 IfM, ==40, M, ==10and M, = 350f the

1 3 =2
determinant A={4 =5 6] then the value
3 5 2
of Als
(a) =80 (b) 60
(c) 70 (d) 100
dy ay ay
5 Ifam|ay ay ay|and A is cofactor of g,
ay ax Az

then value of A is given by
(a) ay Az + apAg + apAg (b)ayAy + apAy + apAy
(c) anAy + apAp + apAy (d)agdy + andy + ayAy

VERY SHORT ANSWER Type Questions

6 Find the minor of the element of second row and

3 =2 4
third column in the determinant(5 2 1
1 6 =5

7 If Ais a matrix of order 3x 3, then find the
number of minors in determinant A,
INCERT Exemplar|

8 Write minors and cofactors of elements of
following determinants, (Each part carries | Mark)



TOPIC PRACTICE 3 |

OBJECTIVE TYPE QUESTIONS

Minor of an element of a determinant of order
n(n z2)is a determinant of order

(a) n (b) n-1

() n=2 (d) n+1
1 a be

IfA=|l b ca|thenthe minor My, is
1 ¢ ab

(b) c(b* -a®)
(d) cla’=b%)

(a) =c(a® =b*)

(c) cla®+b%)

a h g}

IfA=|h b []thenthe cofactor A, is
g [ ¢

(a) =(hc+ f2) (b) fg -he

(c) fg +he (d) he- fg

SHORT ANSWER Type Il Questions

13

4

Using cofactor of third row, evaluate

V23443 5 5
A=lfi5+J36 5 ol
3+ 115 JI5 5
Find minors and cofactors of the elements
2 -3 5
of the determinant|6 0 4 |and verify that
1 5 =7
) Cyy + 45Ca9 + Ay3Cay = 0, INCERT]

| HINTS & SOLUTIONS |

(b) By defination of minor.
a be
(d) My, = b ¢¢|

=ca’ = beme(a® =-b)

(b) Ay m(=1)"" My, m= M, == ; £
==(hc=fg)= fg=he
(0)Ama, A, +a,A, +auAy,
=a, M, =a,M;, +a,M,
=] (= d0) = A =10) + (=2)(35)
= =404 30=70
= - 80

o3 (i)

(‘)‘o 3

a ¢
b d NCERT)

SHORT ANSWER Type | Questions

9

10

12

10,

1.

Find the minors of the diagonal elements of the

1 i =
determinant| «f 1 |-
1 =i i
Using cofactors of the elements of second row,
53 8
evaluateA=|2 0 1
123 INCERT)

Using cofactors of elements of third row,
1 x y+z

1 ¥ z+ x|

1 2 x+y

evaluate A=

Using cofactors of elements of third column,
1 x »=2
1 ¥y
1 z »y

evaluate A=

INCERT)

The minors of the diagonal elements of the determinant
1 | =i
=i 1 {|aregiven below
1 =

'“u.|-: :I.,-+‘8.,_‘ [ m=1)

My,= : -: =i4im2
1 2
and My= -l 1 =+ ml=]1m()
5 3 8
Given, A=|2 0 1
1'2°3

Using cofactors of elements of second row, we have
Ama,Cy +ayCy +a,Cy

38
2 3

== Y0=16)+(=1)(10=13)
= (=2)(=7) +(=1)7)
2li=T=?

I x y+z
1 y z2+x
1 2 x+y

.2‘(_”20! 00‘(‘_‘)1'2 f :’L(-”"’l

L
1 2

Given, A=

Using cofactors of elements of third row, we have
AmayCy +anCyy +ayCy

X y+z

vl
==l ly T4 X




5 (d) A= Sum of product of elements of any row (or
column) with their corresponding cofactors,

6. Clearly, M, = Determinant obtained after deleting
second row and third column

3 =
- =18 =(=2)

ml8+2m 20

7. Since, the maitrix have 9 elements, therefore iis
corresponding  determinant have 9 elements, Hence,
there are % minors in determinant of A.

8. (i) Similar as Example 2.
[Ans. My, =3 M, =0, My, s=dand M,, =2 O, =3
Ca=l Oy mdand Oy = 2]

a r}
b od
o Minors, M), =d, M, =b M, =cand M, =a
Also, cofactors are A, =(=1)'"" M, mixd=md
Ag=(=1)" My =(=1)xb==b
Ay m(=1)"' My, mi{=1l)xcm=¢

Aps(=1)" " Mymixama

(il) Given determinant is

= (34 V2345)( 510 = 545)
= I5(M10423 + V1045 = 5415 = +5fi6)
+5(523 + 543 = 5415 = 56)
= (34 235)(52 = 545)
= 15(+10423 + V1045 =545 = 5.fi6)
+ 55423 + 543 =543 = 56
= 1542 = 1545 + 5423410 = 25423
V1510423 = 151043 + 415 543
+ V1545436 + 25423 = 54516

= 1542 = 1545 4 542310 =155 416 = 1542
+ 1545 + V15516 = svlovz3

2 =3 5
6 0 4
1 5 =7
0 4
5 =7

=0

14, Given, determinant =

We have, M, = =0 =20 = =20

Cpym(=1)*"M,: [ cofactor Oy m(=1)* /M)
== 20) = =3
6 4
M= - LRI FEE T Er
Copm(=1)""F M, = = (=46) = 46
[
-“u' 15 = W= 0w 30

12.

1 x
Loy
[ cofactor Ay = (=1} "/ AL
= l{zx + :’-J.-’- yr)=zz+ x=y=7z)
Hx+ yiy=x)
= Iy x*-yt-yz-:xinyz-i y’-x’-ﬂ

+1—1}""-:" YHE (=1 x4 y)

1 24X

Hint A = a, C)y + ay, Oyy + @3 Oy

[Ans. (x =y} y=2)(z = x]]
N TR O Y
Given, A=[ fis+is 5 Jio
144115 A5 5

Using colactors of elements of third row, we have
AmayCy +ay,Cqy +ayly

-{EHJH_S.H-”“L "'f "E

Jio
Jash
- 2
=0 e i
+5{_]}:n '."2_3*'\5 'l.IE
Nis+fie s
Cyq m(=1)" " " M,y = (30) = 30;
My, = ': : =21=25m -

Co m(=11 " My, == (=t) = 4
2 5
1 =7
Cppm(=1F" M, s(=19)= =19

2 =3
My = -

=i+ Im]};

Cis =(=1)""* 'Mﬂ ==(13= =13
=1 §

My, = 0 4

=]l -]2

CH -[-”’”.H“ (=12 =12
25
(LI |
Cyp m(=1)"" ¥ My, = =(=22) = 22,

2 =3
6 0

My = = f=30= =22

My, = =(+18 =15

Cys =m(=1)"" My = (18) =18
We have, g, s 2 gy, = =% a, =5C, ==12
C,;E-EE.C”-]E
<oy Oy # @aCyy + aCyy
= (2)(=12) # (=3){22) + (5)(18)
-2 =l W
==l 4 =0



| TOPIC 4|

Adjoint and Inverse of a Matrix

SINGULAR AND
NON-SINGULAR MATRICES

A square matrix A is said 1o be a singular macrix, if | A =0
and if | A|# 0, then matrix A is said to be non-singular
matrix.

P |
e.g Let A-[ﬁ 3]. Then, |A|=6-6=0
So, the matrix A is a singular matrix.

2 1313
EXAMPLE |1) Check whether the mal;rix[ § =1 ﬂ]

is singular or not. 7 21
[ 2 1 3]

Sol letA=| 4 =1 0
-7 21

a4 A

I.T.-E.- IF-“I' #11 -I?i"u .ﬂ'u 5
Ay Ay Ay

Ciy € Cy

Then, adj (A) = Transpose of | Ty, €5 Cyy
r'\ t-1 E-'h

*3 g v *35
f.'“ ﬁll ff”
or wj(d)= |C); Cp Cy
f—‘. .‘ (—‘ Jj [—11"
where, (:ﬁa' is the cofactor of element o
Mote For a square mairix of order 2 given by A -[:: ::]- adj (4)

can aso be obtained by interchanging a,, and ay, and by changing
signs of a,, and a4,
i adj(4)= [_ﬂﬂ 'ﬂu]_

8y By

EXAMPLE |2| Find the adjoint of the matrix

ol 3]

|Delhi 2020)
1 -1 2
(ii)] 2 3 5}
-2 01 INCERT)
2 =1]

Sol. (i) Lﬂﬂ--‘r_ then|A|=

2 =1
i a3l 403

2 13
4 =1 0
=T 21
= i=l=0)=1{d=0)+3(8=T)
===y 3
==idd
=30
Hence, A is a non-singular matrix,

ADJOINT OF A MATRIX

The adjoint of a square matrix A =[a ], ., is defined as the

Mow, |A|=

transpose of the matrix formed by cofactors of the elements

ay and it is denoted by adj (A).

5
Ap == : (2 410)m =12
=2 1
2 3
and Ay = -3 0 El=(=a=f

Cofactors of elements of second row are
=1 2
o1

I2 =] +4m5

Ay m= s=(=1=0)=]

1
dﬂ-_z

1 =1
=7 ]

Cofactors of elements of third row are

and Ay ==

E=(l=2)=2

-] 2
Ay = 3 & [ ERET T TN
1 2
A!il-la 5 E=(f=d)jm=1
and A“ll =1 =34 2m5
2 3
. T
lﬂIJ Ali A]!
Hence, adj (A)m| A, Ay Ay,
Ay Ay Ay
3 =12 6]
=] 1] 5 2
=11 | 5
[ 3 1 =11
= (=12 5 =1
| & 2 5




MNow, cofactors of elements of | A| are
Cp == (3 =3 [ Cy = (=11 m,)
Cpp = (=1)" (1) = =4
Cyp = (=) (=) =1

and Cp = (=1)""*(2)m 2

r T
Now, adj(A)=| ' EH}
n 1

iy
2
R
P z}
1 o | 2
(i) LetAm| 2 3 5]
-2 0 1

Cofactors of elements of first row of | A are

35
A.li 01 Ei=0=3

_C
3
1

[=1 =2 =2
Sol. Wehave, A=| 2 1 =2
1 15|
Let C; be the cofactor of the element a, of | A}
Now, cofactors of |A]are

C“ .(-‘)lQ\ 1 -2

-2 ) sl=im=]

Cym(=1)"? ';" I--(zu).-o

2
2
2 1
2 =2
-2 1
2 1
=] =2
2 =2
-2 =2
1 =2
-] =2
2 =2
-] =2
2 1

Cym(=1)'"? Eef=lm-

Cym(=1)*"" Se=(=2=d)m=6

Cpm(=1)""? ==l4dm)
Cym(=1)""? ==(244)m=6
Cy = (=1)'"" =i4+2m6
Cyym(=1)""? m=(244)==6

Cym(=1)"""? =-l44m3

Now, the adjoint of the matrix A is given by
Cy Cy Cgy -3 6 6
adj(A)=|C,, C, Cy|=|=6 3 =6
Cy Cy Cyul| |=6 =6 3
-l =2 =2
2 1 =2
2 =2 1

=ell=d)+2(244)=2(=d=2)

mel(=3) 4 A6)= A=6)mI412412m27

-] =2 =2||=3 6 6

and A(adjA)=] 2 1 =2ll=6 3 =6

2 =2 1||=6 =6 3

Fa..in.ua - “ . am - am M

Now, |A|=

Some Important Theorems

Theorem 1 If A is any given square matrix of order m, then
Aladj A) = (adj A)A = |A| 1, where { is the identity marix
of order n.

Theorem 2 If A and B are non-singular matrices of the

same order, then AH and BA are also non-singular matrices
of the same order.

Theorem 3 The determinant of the product of matrices is
equal to the product of their respective determinants,

ie. |AB|=|A||B]

where, A and 8 are square matrices of the same order,

EXAMPLE |3| Find the adjoint of the matrix

-1 -2 =2
A=|2 1 -2 |and hence show that
2 =2 1
Aladj A) =|A|1,. |All India 2015)

(iii) adj (AB) =[adj (B)][adj (A))
(iv) [adj A|=| A"

) |adj [adj (A))| = A ="
(vi) adj (adj A)=| A" - A

EXAMPLE 4] IfA = [1 2} then verify the following

3 4
results,
(i) ladj A| = | 4| (i) adj (A") = (adj 4)"
(iid) |adj (adj 4)| = | 4|
Sol letA -[; ‘2] then |A| = ; ‘2|

Now, cofactors of elements of |A| are
Ay=d A =s=3 A, ==2and A, =1

e P R I My B

i) Now.lAl-|; flu-o--z i)
and|adj(A)| = _; -12 =l=bm-2 A1)
adj(A)) =|A| [from Eqgs. (ii) and (iii)]
(ii) We hnve.A-[; f]
A'-[lz 3] and |A'|-|; ::l

Now, cofactors of elements of JA”| are C =4,
cu --ZC,, .-lcﬂ =]

r T
R Tl K -0l >
o oadj(A )-.C;: c::]

[ 4 --2]r [ 4 =3 ]
- -

=3 1 -2 1
From Eq. (i), we get

[4 =27 [4 =3
-
-3 1 -2 1

(adjA) =




3412412 =6=6412 =6412=6
mlmb=6+12 1243412 12=6=6
=6412=6 12=6=6 1241243

27 0 0

= o 27 0 =270 0

0 27 0 1
.n')-ll‘ll,

PROPERTIES OF ADJOINT OF A MATRIX

Suppose A and B are two non-singular matrices of
same order n. Then,

() adj (A7) = [adj ()"

(ii) adj (kA) =&""" (adj A), k€ R

INVERSE OF A MATRIX

Suppose A is a non-zero square matrix of order n# and there
exists matrix B of same order n such that AB=BA=/,,
then such matrix 8 is called an inverse of matrix A, It 1s
denoted by A7,

Theorem 4 A square matrix A is invertible if and only if
A is non-singular matrix,

Proof Let A be an invertible matrix of order # and / be an
identity matrix of same order n. Then, there exists a square
matrix B of same order n such that

AB=BA=1
Now, AB=1
s =}
= |AB|=1 (o) ]=1)
= |A]|8]=1
= |A| #0

Hence, A is non-singular matrix,

Now, conversely let A be non-singular matrix, then | 4] # 0.
By theorem 1, we have

Aladj A) = (adj A)A =|A|7

= A[]:l—ladi A)-[]%[adj A]A-l
= AB=BA=1
|
where, B = —adj (A)
]

Thus, A is invertible and A™"

L o
= m adj (A).
Properties of Inverse of a Matrix
Let A and B be two square invertible matrices of same order.
Then,

DAY =4 (i) (AB) ' =B84

o (adjA) madj(AT) [from Eq. (iv)]

(ili) We have, (adj A) = [_‘; 'lz ]
-2
)

Now, cofactors of elements of |adj A| are
Ch=,C,=3C, =2andC,, =4,

ad)(-d)A)-[ M Cu] [ ]r'[; 42]

= '.dj(‘dex.I ‘lni 6 m-2

: 4
ladj Al = |

=|A| [from Eq. (ii)] Hence verified,

Method of Finding the

Inverse of a Matrix

Suppose a square matrix A of order n is given. Sometimes,
we have to find inverse of A by using formula and
sometimes an algebraic equation in A is given to us and we

have to find inverse of A by using this equation, For these
cases, we use the following steps

| TYPE I |
INVERSE BY USING THE FORMULA

I Let the given matrix be A. Then, find |4] and check
whether it is singular or non-singular matrix, If A is
singular, i.c. |A]| =0, then inverse of A does not exists
and if A is non-singular, i.c. |A|# 0, then inverse of A
€XIStS, SO gO Lo next step,

I1. Find the cofactors corresponding to each element of
[A).

L Find adj (A), i.c. write the matrix of cofactors and
then find transpose of this cofactors matrix, to get

adj (A).
IV. Now, put the value of |A| and adj (A) in the formula
A= ﬁadi (A) to get required inverse of matrix A,

EXAMPLE |5| Find the inverse of following matrices.
: 8 1 =11
(i)[' ] @l2 =10

1 00
Sol. (i) l.elA-["’ s}the n |Al=

INCERT)
-1 5
-3 2

So, A is non-singular matrix and therefore A™" exists.
Now, cofactors of each element of |A] are

A, m(=1)""(2)m 2
Ay m(=1) " (=3) =3
Ay m(=1) " (5)=m =5

m=2415=1320




(i) (A7) =A™ A7 =] A

- - . - 1

W) A = AT A=T (i) (kA) ‘-Ia Lk #0

Mote

{iy It A B and C are mvertible malrices of the same order, then
(ABCy' =C'E'A",

(i) Only square matrices have adjoint or inverse,

1 =11
(i) Let Am|2 =1 0
1 00
-1 0 -1 1 -1 1
Then,|A|=1 0 o|-2o °|+l_‘ ol
[expanding along €]

=1(0)=2A0)+ 1 0+1) =120
Thus, A is a non-singular matrix, so A™ exists,

Now, cofactors corresponding to each element of
determinant A are

-1 oI

C,m(=1)"" [ Cym(=0)"" M)

==1(0=0)=0
Cym(=1)*? =1(0+1)=1
Cyy m(=1)*! ==l(0=0)=0
Cyy m(=1)""? =10 =1)= =1
Cpym(=1)"""? ==l(04])m =]

Cyy =(=1)'" =1(041)=1

Cyy m(=1)""? = =ifl=2)=2

20
1 =1
2 =1
Thus, matrix of cofactors

[Cy Ca Cy 0
a|Cy Cp Cy -0 -1 -I

Cy =(=1)'"? ==+ 2)m]

c,, c,, c,, 2
01

and adj(A)= o -| -1 o -1 2
12 1) |1 -1

[interchange rows and columns)

1 '0 01
Now, A™' m—adj(A)=-]0 -1 2
[A] N1 -1 1

0 01
= A =0 -1 2
1 =1 1

which is the required inverse of given matrix A.
3 1 =2
_‘]anda-[__1 3],then

(i) AA™ ‘=]

EXAMPLE |6] If A -[i

verify that
(i)Y (ABY" ' =B~ A"}

and Ay m(=1)"**(=1)m =1

: (A, Ay 2 3
Thus, matrix of cofactors = A A ] = [_5 - ]
T -
. 2 3 =5
and ad"'ﬁ]-[-s- -1] = _3 -l]

- 12 =5
Mow, A™ = —-adjd = —
pra=sls 2

which is the required inverse of given matrix A.
Sol. (i)Given.A-[‘z _3].::“-[_" -:}then
2 3 1 =2 2=3 =449 -1 5
'w'[l -4][-1 3]'[1+4 -2-12]'[ 5 -u]

Now, |A|= f 3 m-f=im=1l20

1 =2
-1 3

-] 5
5 =1

|B| = =3-2=m120

md|A8|- =ld=25m=1120

Thus A, B and AB are non-singular matrices, so their

wvame]zt 2} [t 04 ]

Now.ndj(A)-[::
ndj(B)-[ ]md .d,(AB).[ =2 '5]

5 =1
o (AB) - Wlldi(/w)- “[ l; ::]
114 5
1o "

A"-maﬁ(u-_#"[:: '23]-%[: _’2]
and B ]—|ad1(8)--[3 f]-[:l’ 12]
N T

g [

11242 9=4
B o—
||l4+l 3=2

L[4 s

nes 1

= (AB)"
(AB)"‘B-'A-‘

[from Eq. (i)]
Hence verified,

3 _1_4 3
-t J1111 =2
L[z 3]+ 3
nir <) =2

1843 6=6
1njd=-4 3+8

(ii) Now, AA~' =|?

111 o]
1nyo 1]




(iti) | A™ | | A" (Al India 2015C)

(iii) Now, |A™| .[‘Ll)

[if A is a matrix of order 2 x 2 then [kA|= k*|A|]

2
4 3
1 =2

1
s = 3,
.(“)2[ =

and A" =(=11)" = -:—‘ Hence verified.

| TYPE 11|

INVERSE BY USING ALGEBRAIC EQUATION
Sometimes, a matrix (say A) and an algebraic equation in
matrix A is given to us and we have to show that A satisfies
this algebraic equation and then find inverse of A by using
this equation.

For this, we use the following steps

I, Firstly, we show that matrix A satisfies given algebraic
equation in A and for this

(i) Find the value of all terms having power of A by
multiplying Aitself (as A= A+ A, A=A A7)

(1) Put the values of /, A, A 2 A, et in given
algebraic equation and show that LHS = RHS,

II. Now, pre-multiply or post-multiply both sides in
given algebraic equation by 47",

HI, Simplify the equation obrained in Step Il by using
propertics of inverse, as AA™' =1,4°A7" = 4,
IA™' = A7', etc,, and then take A7 in LHS and
other terms in RHS.,

IV. Now, put the values of /, A, A%, A”, exc., in RHS of

equation obtained in Step 1 and find required value
of inverse of A,
Note If a matrix A and an algebraic equation in variable x is given to
us and we have 1o show that matrix A satisfies this equation in x,

then we replace x by A in the given equation and then solve by using
above method.

EXAMPLE [7)1f A=| 2 '2‘1 and 1 is the identity

matrix of order 2, then show that A’ = 44 - 31, Hence,
find A~} . [Foreign 2015)

Sol. Here, A= [_f ';}

2 =t 2 =t
Now, A* .
o e an[ 2 ]2 7]
4141 =2=2
=
(55 e

[multiplying row by column]

= H ': J-I Hence verified.
5 =4 )
-[.‘ SJ A1)

2 =l 10
Al-o.m-uu[_l 2]-3[0 1]

L

From Egs. (i) and (ii), we get

AfmaA =31 (i)

Now, |Al= _f ';lni-l-:!ao
A™ exists,
Now, pre-multiplying both sides of Eq. (iii) by A™,
we get
AT A = AT (1A =3D)
= (A A) A=A A =347
= IANmdl =317
[A A" mlmA ™ Aand A™! 1= A7)

= Amal=3A™ [viA= A=Al
- A" =4l -

oo - )
=55 <J-(4 %)
o L
| TOPIC PRACTICE 4|

OBJECTIVE TYPE QUESTIONS

I If Ais a square matrix of order 3, such that
A(ad) A) =10 I, then |ad) A|is equal to

[All India 2020)
(a)n (b) 10 €100  (d)101
2 IfA= [_2 p -36]' then which of the following is
true?
(a) AladjA) = | A |1
(b) A(adj A) # (adj 4) A
(c)A(lde)-(nde)A-|A|l-[g g]
(d) None of the above
2 A -3
3 1IfA=[0 2 5|, then A™ exists, if
11 3 [NCERT Exemplar]
(a) A=2 (b)r=2
(c)hwe=2 (d) None of these



4 If Ais an invertible matrix of order 2, then
det (A™) is equal 1o INCERT)
1
R [i]
(a) det{d) (b} detA) (ch1 id)

5 If Aand B are invertible matrices, then which of
the following is not correct?
{a) adj A =|A] A {b) det (A)" =[det (4 )]
(c)(ABY' =B A7 (d)(A+ B =8"+ 4™

VERY SHORT ANSWER Type Questions

1 4 O
6 For what value of A, the mutrix[a -1 Zlis
4 1 5

singular?
7 Inthe interval % < x < m, find the value of x for

2sinx a
which the matrlx[ 1 Isinx is singular.
|All India 2001 5C)
8 Find|(adj A)Lif A= [? ;}
[Delhi 2014)

9 If for any 2 x 2 square matrix A, AfadjA) = [E ﬂ}

0 8
then write the value of | 4] (AN Imlin 2017)

10 If Aand B are matrix of order 3 and | A|= 5,
|B|- 3, then ﬂndthtvalurnr|3AB|.
INCERT Exemplar]
11 If Ais matrix of order 3 and | A|= 4, then find
the value of |adj(A4)|.

12 I Ais a square matrix of order 3 such that
ladj{ A)] = 64, then find | A]. [Delhi 2013C)
2 =2

13 Find the inverse of the rnutrix[ }
4 3] |NCERT)

2 3
5 =2

1

4 IfA= } then show that A™' = = A,

15 If Ais a matrix of order 3 x 3, then show that
(A7) = (A7) [NCERT Exemplar]
SHORT ANSWER Type | Questions

16 Let Abe the non-singular square matrix of

order 3 x 3, then prove that |adj (A)| = | AF.
INCERT)

2 -3
17 len.d-[d ;

247 =91=A

], compute A™'and show that

[CBSE 2018)

cosh slnﬂ]

18 Find the inverse of the mntrhi[_sm 0 cosf

19 If Ais a matrix of order 2 x 2, then find the value

of (4%, [NCERT Exemplar|

20 If Aand B are invertible matrices, then which of
the following is incorrect?
(i) adj(A)=]A] A"
(i) (A+ B =B + 4™

(iii) det(A™)-[det (A)]=1 INCERT]

SHORT ANSWER Type 11 Qu '.-'itiﬂims

21 Find the adjoint of the matrix| 2 3 l}
=111
INCERT]
12
22 Find the adjoint of the matrix A= 3 4 and
verify that Aladj(A) =] A| L

23 Compute the adjoint of the following matrices
and verify that A (adj A) = | A] I = (adj A) A.

1 4 5 cose =sinm 0
(i) A=]3 2 & (i) A=|sine cosa O
01 0 i ] 1
24 Given A= [_i '3} compute A™ and show that
247 =01=- A
25 tu-[_t:“ “’;“].thmshawmu
T 4=t | CO82x =sin2x
ATAT w2y cos2y

Directions (Q. Nos. 21-22) Find the inverse of the following

matrices,

1 0 0
33 0
5 2 =l

26

1 0 0
27 |0 cosa sina

0 sina =cosa

2 5 79
(AB)"'= B='A"",

28 LetAs [3 7] andB= [6 8} then verify that

INCERT)



29

30

3

32

33

34

35

36

37

38

l -1 1
lu- =1 ﬂ}thfmshnwthat Als AL
1 00
0 1
Find A ifA=|1 0 j|andshnwthnt
1 10
l
INCERT Exemplar|

! l =2 3
IfA=| O =1 4[then find(A4)™".
=2 2 1] [Delhi 2015)
Compute (AB)™,
11
ifa=lo 2
3 -2

2] 120
=3land B"'=|0 3 =l
4] 10 2|
INCERT]
Suppose a matrix B of order 2 x 2 such that

1 =2 6 0]
B[I 4]'[{] E_thdmatﬂxﬁh}rusingthr

inverse of matrix method,
Suppose a matrix A of order 2 x 2 such that

[2 ’]A -3 2]-{'] ﬂ].ﬁndthematrudhy

3 2 5 =3 1
using the inverse of matrix method.

Show that the matrix A= [_'?i zl satisfies the

equation A" = 54 + 7/ = O. Hence, find 4™,
[NCERT; Delhi 2010C |

Show that 4 = [§ -3 satisfies the equation

x¥=6x +17=0. Hence, find A™.

[? ;]. find x and ), so that

A* + xl = yA Hence, find A™.

For the matrix A -{? ﬂ find the numbers a

and b such that A% + a4 + bl = 0, Hence, find 4™,

For the matrix 4 =

LONG ANSWER 11 Type Questions

39

40

17249
IfA=|2 1 2|
221
Hence, find A™.
(2 -1 1
fA=|=l 2 -
1 -1 2
A'=6A*4+94-41=0 and hence find A™. |NCERT)

then prove that A’ =44 =5/ =0,

, then verify that

HINTS & SOLUTIONS

. [e) We know that

Aladj A)ym| Al
Mow, we have
A {adj A) =107
| Aj=10
Again, |adj A=Al
|adj A= | A" = | A = (10)* = 100

. (c) We know, if A is any square matrix of order n, then

Afadj A= (adj A)- A = |A]- 1

3. (d) Hint A™" exist iff | A| # 0
. (b) We know, AA™ = |

|AA™ =1
= JAlAT =
- l
> |A™ |-
Al

. (d) Since, A and B are invertible matrices. So, we can say

that
(AB™ = 5 4™ i)

We know that A™ lﬁlﬂd} A)

= adj A m|Al-A™ -l
Also,  det(A)" = [det{A)]
- 1
= det(A)" = ——n
[det(A)]
= det{A)-det{A)™ =1 Al
which is true,
1 A 0
, LletA=m|3 =1 2
] 1 5-_
Since, the maltrix is singular.
|A|=0
1 A0
= 3 =1 2|=0
4 15
=% “_--5.-2}-}.,{15-!]1-!]-!]-
= -] =7A=0
= -Th=7
hom=]
2un x 3
. "‘M'[ 1 Zsinx]
*+ Ais a singular matrix,
28in x 3
'Al-o:: ) Zsinx-o

3
=9 dsin‘x=3m0 =2 sin'x--‘-



100,

1%

13.

4.
15.

16.

= !in.rl? [':%crcn]
= N E e
) 5 2
Gn'en..&-[? 3]
5 2
| A= 7 3 =l5=14m]

We know that |adj{A)| = |A[' ™", if A is a non-singular
square mairix of order n
o ladi(A) ="
= |adj{A) =1
Hint Use A{adj A) m|A]l [Ans. |A|= 8]
Clearly, |3AB| = 3* | A| | 8|

[if matrix A is of order n % n, then [kA| = k"] A|

and | AB| = | A|| B[}
= 27 xS 3w 405
Given,| A|=4
Clearly, |adjiA)|=| AP~ =| A =d? =16
We know that for a non-gingular square matrix of
order n, |adj{A)| = | A" ™"
Here, n= 3
fadj(A)| = A" =|A]

Given, |adj A] = 64

= o4 = A
= (8)° =|A]
= |A]= 8 [taking square root]

o : - _ 1] 3 2
Similar as Example 5 {i). [A.m AT = H[" EiH

Similar as Example 5 (i), then show that LHS = RHS,

(A*) m(AA) =A™ [ (AB)™ = B A7)
- {-l"--l }1

We know that [adj (A)} A=|A|l

1 oo0] [la o o
-|M[D 1 ﬂ]lI:I'J |4 ﬂ]

001 0 0 |4
Om taking determinant both sides, we get

Al o o
lladj Ap{A)=] 0 |A] 0
o o |A
1 0 0
= |adiA)A|=]A [0 1 0
o1

=|AP 1] = AP [ [H=1)

I7.

20,

= [adj(A)]|A]=]A]*
Jadj (A)] = | A

[ |AB =|A|-|B]]
[| A= 0]
Hence proved.

Wehaw.ﬂ-[j‘ -?]

Here, |A|-i 'TEIIM-IEHEICI

A™ exists,

Clearly, adj(A) .[: ﬂ

[ if A -[: j} then ade}-[_dr ':]]

A™ = ——adj{A)
(A

= %[I ;] A}

Mow, consider RHS =9 [ = A

T o

- g 0] [2 -31_[1 3
o of7|= 714 2
=247 [using Eq. (i)]
= LHS Hence proved.
cosfl  sin® ]
Let A = —sinB .;mﬂ_"h"“
IAI- u,:'ta ﬁl.a.ﬂﬂi"ﬂlﬁlj.niﬂll-ﬂ
=gin il cosfl
oo AT exists,
) cos B = sind
ﬁlla.adjmj-[“_na cnl.ﬂ]

[afe 2[4 2]

- b cos B = sind
how, A .m'dl“'[linﬂ cml}]

Solve as Question 15, [Ans. (A*)™" =(A™)")

Since, A is an invertible matrix, therefore we have

A
(iy A™ = —adj(A)
[4]

= adjA)m|A|- A™,
which is correct.

(i) w(A+B)™ = B + A™ 50 given result is incorrect.
(iii) * det{ A" ) m {det{ A)}™ = det(A™) = ——
' J det(A)
= det(A) det(A™ ) =1,
which is correct.



2 3 =13
21, Similar as Example 2 (i). | Ans. ’-?- 6 9 ]
5 =3 =]

304 34
Mow, cofactors of elements of | A| are

Cpm(=1)" xamd; Cpymi=1)"" x3m=3

22 Wthaw.ﬁll[l 2].thnml’u::rltl:-tln-] 2|

Cy = (=" % 2m=2 and gy (=1 x1 =)

T T
. ol CL C.: 4 =3 4 -2
- ‘d'Mj-[C:L Cﬂ] .['2 '] -['3 ]]
1 2

3 4 Ed=HhE=72 ,.,ﬁ}

Now, [Al=

. [1 2] 4 =
mdd[wij{d}ll} J[-a l]

(dmb =242] [=2 0
®liz=12 -nﬂ]'[ 0 -z]
1 O
.IZ[n ]]-Iﬂlf

Hence, Aladj{A)] =] A|L

[ [=6 5 14]

23, {i}SinﬂaralEmplei.lm,adil:dj-ln 0 9
3 =1 =10

[from Eq. {i)]

{ii) Similar as Example 3.

CoRi  sine 0
Ans, adj (A) =|=gingg  cosc 0
1] il 1

24, Hint
(i} Compute A™', 24~ and 9 = A,

(ii) Prove, LHS = RHS[MI. Al m '_[

(e 2l

|

25, Given, A .[ 1 "}
= fan x 1
1 tan x

= lan ¥ 1

Now, |A|= =1+tan’x#0

A:i exists.

Let Cy be the cofactor of a; in| AL

Then,

Cpymim1)* 1mp; € m(=1)'* (= tan x) = tan x;

Cy m(=1)""" tan x = = tan xand C,y m(=1)""* 1 =1

. Cu €l 1 tanx]|
"‘“d”"”'[c,l c,,] “l-tanx 1

[uns 5]

26, Similar as Example 5 (ii). | Ans, 5

A" = ]—nde]I
14

- 1 1 = fan ¥
AV ——
|+mn"x["‘“‘ 1 ]

1 -tan ¥
. L#tan’y 1#tan’x
tan x 1

[t#mnx 141an’s

1 = lan x
T T
- ]l =tanx||l+tan x l+tan" x
MNow, ATA™ =
[mu' 1 ] tan x 1

1+tan’x 14 tan’x |

1 tan® x __tanx _ tanx |
2 2 2 2
AT A | 1Htan Y d4tantx 1+m;1 ¥ l+tan®x
tan x tan x - ltan” x * 1

t+tan’x  1+tan’x I+tan’y  1+tan’x

[multiplying rows by columns)

1=tan’x 2 tan x
| ]
=ATA"-I1+IMI 1+T.al:.'r
2tan x I=tan" x
(14tan’x 14 tan'x
" 2 =sin 2x] Hence verified.
| 8in 2y cos 2x
=3 0
i [

- w2 3

[1 ] (]
27, LetAmld cosc  sina |
 sing = cosd

1 ] (1}

0 coso  sino

0 sinf =co8 0
= =(cos’o +ain’ g)m=(l)m=1p0

o A™ exists,

Then, |A|l -]{-cm*u-u’n’u}

Mow, cofactors of elements of |A| are

IV sin 0
O om(=1 iwi ﬂ.li
== SN =cos o

= (=cos*o = sin’ i) m =1 [ cos* @+ sin® Bm 1]

0 sina
t =cos

0 cosa
0 sin

== (D=0

Com(=1)""

=] (0)=0

Com(=1)""

1] i

. === 0
AN = o080 Ko

Cogy ™ (= !




29,

30.

i

s - %3
22 = (=1) - cos i1

f—

0
sim i
0 [}
cos 0 sin i

Com(=1)"" == (sin )= =sin ot

-

Cyy m(=1)"" =

1 0
0 simo

Cye m(=1)**?

1 L]

gy m(=1)""" ) cos

= (oo 8 =0)= cos

€y Cu Cul
nadj(A)m|Cy Cpy Cy

[Cy Cp Oy
=1 0 0 T
=] 0 =cosd =sind
0 =gin cos (L

=gin( cos 0

=1 i ]
= 0 =¢o5d =gind
0

and o™ -]i'-[ndj{-‘l]]
l[-1 0 0 ]

| 0 =¢o80 =gini
=1} 6 w=sinig cosa

1 il ]
=0 cosd sind
0 sind =cosc

Similar as Example & (i),

Hint Compute A™ and A” and prove the result.

o1 1
We have, Am|1 0 1

11 0
Mow, cofactors of elements of | A| are
Aym=1LA4,=],A,=1 4, =1 A4, ==],
A=l Ay =1 Ay, mland Ay, = =1
-t 1 1] [=1 1 1
ﬂi{dln[l -1 IJ -I: -1 l]
1 1 =1 1 1 =1

Also, |[A|l==1(=1)+11=2

. -1 1 1
Mow, A"-M-l 1 = i
[ 2fy
2
1
1

o1 1o 1 1] 11
anda’-lﬂl-lﬂln 21
1t ollr 1o 12

[

== (ging =0)==gin o

== cof (L =0)= = ¢o8 i

- i)

- A

3.

:_ 21 1] 300
SASY My 2 1l=lo 3 0
2 o1z oo o3
=t 1]
=1 =1 1| =A™ [using Eq. (i)]
Hoaoao=
Hence proved,

[1 =2 3
Wehave A=| 0 =1 4
-2 21

Now, |A| =

1 =2 13
0 =1 4
=2 21

= {=1=8)4 2{0+8)+3(0=2)

[expanding along ]
m=04lo=Gm] 0

s A exists

Colactors of elements of | A| are

i
Thus, ndj{d]-lifd

'T:ll"["-'lj“‘I 21

(=] =f=="0

4

Cpym (=1} ] |

|I =[048j==5

Coam(=1)"1 ) T |=0=2)= =2

]
=2

o =1
2
=2

2

Cy w(=1)""" ?l--t-z-w-a

z+2| 1 3
U

o3| 1 =2,
1) - 32 E=(l=d)m2

=2 3

Cp=(= =(l +6)=7

Cpy ==

Cyy m(=1)*"" =(=84+1)==5

L &

Cpp = (=1)*? :; Y P

-

1 =2
Com(=0"" |

Cy Cy] [0 8 =5
Cy Cy|m|=8 7 =4
[

(=] =0)==1

N

) l[-aan & =5]
A7 e — adj(A)m=|=8 7 =4

“2 2 =] |[=5 =4 =1

=) § =5| [=9 =8 =2
Now, (A" = (A™' Ve|=8 7 =4|=| &8 7 2



[ =
l‘-l.'.'lh!l-l-
- b

32. Wehave, Am

)

Mow, |A|= -

sli=b)=0+3=3=4)

R —

b b =

[expanding along ]
=l=2lm=1020
o A™ exists,
Mow, cofactors of elements of | A| are

2 =3

Cy 'l'l}"l LR T

Cyp m(=1)""* R LS

I':ﬂ_ - l-l}u!

=7
0 =3
k]
i
3 sl=>H==>h

2
=2

Oy m (=) ==l +d)==8

1
=3

Cyy m(=1)""% =l=fm=2

o

Cyy w(=1)"*? ==(=2=3)=5

[

Cll .{-]j!‘l TN T

2

4
2
4

1
-2

2
-3

[

2
-3

1
2

- T

. Cy € Cy

adjifA)m| Cyy Cp Cy
C

g = (=1)¥*? ==(=3=0)=3

=

Oy = (=1)""" =l=(lm?

= e

[ 2 =8 =7
=0 =2 3

4 1 . -1 2 =8 =7
and A s —udj(A)m—| =9 =2 13
1Al YWlaeg 5 2

Now, (AB)" = 5™ A™
12 0] _[2 =8 =2
2|0 3 =l|[ie—]=) =2 3
10 2| - 5 2
[(AB)™ = B™'A™)

Now, pre-multiplying both sides of Eq. (i) by B™', we get
B(BAC)= B -1 [ B =B
— (B™' BN AC)= B™

35

3.

39,

O=fH=5 (%0=272

190 240m12 =8+0410 =7 +0+4

-1 I=mlf=l =H=q40 =T&a+d
== 27 % &
[_multipljring row by column]

1BEI

=l =12 =1 L L L
I—II:-EI -11 ?]- an =

Pl 2 =3| {19 19 W
0= 3
(19 19 19

Given, 3[: 'f] - [3 ‘:] i)
1 =2 6 0
Let A-[l l‘]a.ndf' -[ﬂ E}
Then, Eq. (i) becomes BA = " = (BAJA™ = CA™
[post-multiplying both sides by

A".Ml:ﬂnl: -‘2|ll:+ﬂlﬁiﬂ]

= BAA T jm ™ [ AA™ = 1)
= HNscA™
= B=CA™ i)

Let Ay be the cofactors of a; in |A|
mﬂ.. A“ -[-]}lil _‘ .q_.ﬂ“ -l']}lii im "1-.

Ay = (=1 " (=)= 2and Ay =(=1)* " 1m1
) Ay A,,r[q 1T [4 2
"d‘{’”'[a,, A,,]' 2 1] ®l-t 1
-l 1 . 1] 4 2
and A -m adj{&j--b[_i ]]
~. From Eq. (i}, we get

pal® O]L[ 4 z]_loo 4+ 2]

0 6lel=t 1)%%lo ell-1 1)
.lznonuo
6]l 0=6 046

1124 12 4 2
- - -
iles o)l 1]
2 1
Let B-[3 2
equation reduces to
BAC =] ki)

2 ;I-«l-',!-luo

][mulliplying row by column]

-3 2] .
] and C-[ 5 _31 then the given

Now, as| B|= s

S 2
and |Cl= |-5 -3

~Both B™ and C™" exist,

20=10==120




= (B™'BYAC)= B™

= I(AC) = B~ [ B'B=l]
= AC= B )
Now, post-multiplying both sides of Eq. (ii) by €™, we
get

(AC)C™ = B™'C™
= Acc™)ym BT
= Almp'c™ [-cc™ =)
= A= pic™ Aiid)

Now, let us find 8™ and C™'.
Clearly, 5™ -n.dj(m —[ 3 "]

[afe 2= 1)
[ 7]

-t -3 =2] 3 2
e arnon2f2 2oL ]
- From Eq. (iii), we get

2 =113 2
A-[-s s ]

6=5

o 250

35. Similar as Example 7. [An.. A w ;[f T ]]

36. Hint (i) To show A* =6A 4171, = O
(i) Use above result to find A™.

.l 4 3
17]=3 2
37. Hint
(i) First, find A°,

(ii) Then, put value of A* and A in the given equation
Af 4 xl =y

o

Also, solve it to find x and y.
(iii) Now, use the above result to find A™", as in Example 7.

il 7l
38.  Similar as Question 7.
[Am, am=4, bmiand A-l.[ 1 -z'l]

-1 3
| TOPIC 5|

[A.m-. xmf ymf A™

B l=8=) Y=mi=5 S=f=

| FoN e ] | S |
14444 24244 24442
={24244 44144 44242
24442 44242 44441
[multiplying rows by columns]
9 8 8
=|8 9 8
88 9
9 8 8 1 2 2 100
Now, A’=4A=5/m|8 0 8|=4]/2 1 2|=5/0 1 0
8 8 9 2 21 001
9 8 8] [4 8 8] [5 0 0]
=[8 9 8|=|8 4 8|=]0 5 0
8 8 9| |8 84) |005
(Qmf=li BumBum( S=8=0
0
5

40,

BmBm() S=8=0 9=i=
= A'=iA=51=0

1 2 2
2 12
2 21

Now, |A|= ml(l=d)=A2=d)+ A4 =2)

[expanding along R,)
s=jtdrdmie0

. A™ exists,
Al =iA =50

', On pre-multiplying both sides by A™, we get
ATA miAT A =52 = A™0
= A=dl=5A" =20 [vA" 1A and A7 =)

= SA™ m A =4l
- A"--;-(A-u)
"l 2 2 100
= Am=|lz 1 2|l=4l0 1 0
Sz 2 1) oo s
1'1-4 2l 2=0
®|l=() =4 2=0
5_2-0 20 1=4
I'-?. 2 2]
= A'm-| 2 -3 2
il 2 2 =3

Solve as Question 39,

[m.A"-’-F? ; -1]
|

[ “-11;.

Applications of Determinants and Matrices

Determinants and matrices can be used for solving the
system of linear equations in two or three variables and
for checking the consistency of the system of linear
equations.

(1) If (adj A)B # O (where O being zero matrix),
then solution does not exist and the system of
equations is inconsistent.

(i1) If (adi A) B = O, then system of equations may be



for checking the consistency of the system of linear
equations,

CONSISTENT AND
INCONSISTENT SYSTEM

A system of equations is said to be consistent, if its solution
(one or more) exists and a system of equations is said to be
inconsistent, if its solution does not exist, 1.¢. no solution exist.

Note Here, we will study only those system of knear equations, which
have unique solution only.

SOLUTION OF SYSTEM OF
LINEAR EQUATIONS USING
INVERSE OF A MATRIX

Let the system of linear equations be
ax+bytrcz=d, ayx+byy+tec,z=d,
and  ayx+byyteyz=dy.

a b « x d,
Now,let A=|la, b, |, X=|y|land B=|d,
day 6_‘ €y z d_‘

Then, the matrix representation of above system of lincar
equations is
AX =B ()
Case | If A is a non-singular matrix
Here, A is a non-singular matrix, i.c.|4| # 0, therefore
inverse of A exists,
Now, pre-multiplying Eq. (i) by A™", we get

AN AX)=AT'B
= (A" AX=A"'B [byassociative property]
= IX=A"'B= X=A"'B

This method of solving system of equations is known
as matrix method. As we know that inverse of a
matrix is unique, so we get unique solution for the
given system of equations.

Case WL If A is a singular matrix
Here, A is a singular matrix, i.e. |A|= 0, therefore its
inverse does not exist,
In this case, we calculate (adj A) B.
Then, we have two conditions

EXAMPLE |2| Test the consistency of the system of
equations 3x — y = 5and 6x -2y =3,

Sol. Given system of equations are 3x = y =5 A1)
and 6x=2y=3 (i)
Given equations can be written in matrix form as

AX = B,

equations is inconsistent.

(i1) If (adj A) B = O, then system of equations may be
cither consistent or inconsistent, according as
system have cither infinitely many solutions or no
solution,

In the form of diagram, above cases can be
represented as

Malite representation is
AX= B. Calculate |A|.
1

|
I |A] =0, then
calcuate (s A) 8.
1

1
It (acj A) B = O,
then system may
e alther consistent
(have infinitely many
solutions) or inconsisient
(nas no solution)

1
If (agj A) B # O,
then system Is

Homogeneous System of Equations
If the system of linear equations, written in matrix form as
AX =0, then the given system of cquations is called
homogencous system of linear equations. In that case, if
(i) Ais non-sinsular matrix, then A~ exists. So, it has
unique solution, ie. x, = x, =...=x =0, which is
also called as trivial solution.
(ii) A is singular matrix, i.c| A|= 0, then the given system
of equations is consistent and it has infinitely many
solutions.

EXAMPLE |1]| Examine the consistency of the system
of equations x +2y =2and 2x +3y =3, [NCERT)

Sol. The given system of equations can be written in matrix
formas AX = B,

| X
where A-[z S}X.[y]

and s-[g]

Now, |A|= =2l(3)=A2)md=dm=120

1 2
2 s
Since, A is non-singular, so A™ exists.

Hence, the given system of equations is consistent.

EXAMPLE |3| Solve the system of linear equations by
matrix method 4x -3y =3 and 3x -5y = 7.

Sol. The given system of linear equations can be written in
matrix form as AX = B,

where A -[; ::] ~ '[;] ey '[3]



where A -[: :;} X -[;]and B-[;]

Now.[A[-‘: :; ==64+6=0

s A™ does not exist.
Now, adj(A)m= :i ;] [.dj[: 3].[_‘: ':]]

-2 11l5 -10+3 -7
.dJ(A)B-[-b 3][3]'[-30*9]'[-21]
= adj(A)B»0O
Hence, equations are inconsistent and have no solution.
Note If (adj A)B = O, then first we check the solution of system, For
this, put x{or y) = k in both given equations and find the value of
other variable y (or x) in terms of k. ¥ we get same value of y (or x)
from both equations, then equations have infinitely many solutions,
since k can ake any value, so consistent and if we get different
values of y (or » from both equations, then equations has no
solution, 8o inconsistent.

Method to Solve System of
Equations by Matrix Method

To solve the system of equations by matrix method, we use
the following steps

1. First, write the given system of lincar equations in

matrnx formas AX = B, 1)

If linear equations are not given, then first form them

by using given conditions and then write in matrix

form as Eq. (i).
Il Calculate |4} If]A| # 0, then go to next step.

11, Find the inverse of A, i.c, A™", For this, firstly find
adj (A) and then use formula A™' = |-JIT| adj (A).

IV. The solution of Eq. (i) is given by

X=A"'B -(i1)

So, put the values of A™" and B in RHS of Eq. (ii)
and simplify it.

V. Now, compare the LHS of Eq. (i) with simplified
RHS obtained in step IV and get the required values
of x, yand 2, etc. (variables in X').

Hote Mafrix method is applicable only, when the number of
variables and numbser af inear equations are sama.

- 1 L |
Cam(=1"*"], |==(2+2)m=4
Oy m(=1)*? ;’ '; = (10+7)=17

- 1+13 5 1 - - -
Cam=0*""| 0 ==(0=7)m=3

41 =3
3 =5

So, A™ exists and it is given by

A 1 [=53] 1[5=3

a2 3= [472])

X=A™B
xwl]5=3]3] 1N15=21]_ 1T=6
i3 =a (7] 75 0 =28] " 11l =10
x =611
= ;][]
Now, comparing the corresponding elements, we get
-5 -19
xm=—and y = —
11 11

Now, |A|= ==2049m=1120

EXAMPLE |4| Using matrix method, solve the
following system of linear equations.
S5x+y—-2=74x-2y—-32=5Tx+2y+2z=7

Sol. The given system of equations is
Sx+y=zmldx=2y=3zm5and Tx+2y+ 2zm7
In matrix form, it may be represented as

AX= B )]
5 1 =1 x 7
where, Aml4 =2 =3| X=l|lylandB=!5
7 2 2 z 7
5 1 =1
Now,|A|=[4 -2 -3
7 2 2
=5 =d 4 6) =424 2)+V(=3=2)
[expanding along C, ]

wl0=]16=35 m=q4]1 20
Thus, A is a non-singular matrix. So, A™ exists.
Cofactors of elements of |A| are
=} =3
z 2

1 =3
7T 2
1
7

== " =(=4 +a)=2

Cpgm(=1)'"* =8 21)==29

-2

2 = (B4 14)m 22

Cym(=1)'**

Cp mi(=1)""" (3)m=3
Cpmi=1) " (2)m2

T T
: c, € 4 5] [+ =8
e e I B [ F

-1
Mow, A™ = —adj(A)
A



1 =1
5 =l
d4 =3

Cy -{-u“" = (=3=2)m=5

Cy -{-u“*‘ ==(=15+4)=11

Oy =(=1)

n:’: 1 = (=10=d4)m=14

-2

Ca Cg Cal
Then,adj{A)=|Cy Cp Cy

Cy Cp Cy
2 =29 2] [ 2 =4 =5
= |- 17 =3| =|=29 17 11
=5 11 =14 21 =3 =14
1 1 3 =4 =5
Now, A~ s—adjid)s —|=20 17 11
|4 =41 33 o3 =4
and the solution of Eq. (i) is given by X = A™'B,
X J[ 2= -8 7
V([ mm— =29 17 1|5
| YV o2 -3 -7

y [ 14=20- 35] g [

e [ =P BS T | = | =]

154 =15 = 98 "1l il
[multiplying the row by column]

x 1
= l:;.r] = I l] [dividing each element by (= 41)]
z =]

On comparing corresponding elements, we get
xmlysl and zm=]

2 3 . -1
: 4]. Find A~ and

hence solve the simultaneous equations 2x + 3y + 4 =10
and —-5x + 4y +13=0,
“fi- Firstly, determine the imverss matrx of 4 L. A7, then

¥ rewrile the two equations into matrk form and use A 1o
sobve for x and y.

. 2 3
Sol Given, A= [_5 4]
Then, |A|=8+15=23 20
Thus, A is a non-singular matrix. So, A~ exists.
Mow, cofactors of elements of determinant A are
Oy = {_1}“‘1 (4)=4

Cppm(=1)'** (=5)=5

EXAMPLE |5| Given that A-[

MNow, cofactors corresponding to each element of | A| are
_; ? =] fhmT

o3
i1
o1
1 =2

1 1
=2 1

Cyy = (=)'

Cpp o= (=1)""* ==(0=3)=3

Cu = [-1 }H' 3

I-ﬂ-l-—]

C!. = {-l }!'I'i

|-—[I-I-2}-—3

- 114 =3
AV s —
=5 = o [5 2]
Given system of linear equations are
2y #3ym =4

and =Sx+4y==13
These equations can be written in matrix form as

AX=H {1
2 3 X -
where A-[_5 *}x-[r]and H'[-lﬂ]
The solution of Eq. (i) is given by
X=A"'H 4]

On putting the values of A™ and B in RHS of Eq, (ii),
we gel
-i 1 |4 =3 -}
o e
1| =16+30 1 23 1
'E[-M-M]'E[-%]'[-z]
Fx] [ :]
= K.Lf '1-2

xm] and ym=2
[comparing corresponding elements]

EXAMPLE |6] The sum of three numbers is 6. If we
multiply third number by 3 and add second number to it,
we get 11. By adding first and third numbers, we get
double of the second number. Represent it algebraically
and find the numbers using matrix method.

Sol. Let first, second and third numbers be denoted by x, y

and z, respectively,
Then, according to the question, we get
xty+zrmb y+Ilzmil
and x+zmly = x=32y+zmi
In matrix form, this system of equations can be written
as

AX =B i)

where, Axfo 1 3| xaly| ana Ban]

[t =2 1] |z] 0

1011
Here, |Al=[0 1 3|=1(1 +6) =10 =3) + 10 =1)
1 =2 1

[expanding along K]

=7 +3=1=920
Since, | A| # 0, 5o the inverse of A exists.

Sol Clearly, the system has a unigue solution given by

X=A""'EB

1
Here,| A|=| 2
5

3
1
1
—2)=32=10)+ 4(2=5)
[expanding along R, ]
=] 2 =]T=]] 20
Thus, A is invertible.



| Now, the cofactors of | A |are
O )22 =0
=== 11 Ay ==1 Ay =8 Ay ==3
wafl 1 Ay =1L A, ==19 4, =14
Ca=(=1)""} _ |==(=2=1)=3 An % Ay G, g =5
o mi=1* ' Yajm1m2 [=1 8 =3] [=1 1 2]
i B I adj{m-ll -19 14| =] 8 =19 &
: =5 |l=3 14 =5
Cﬂ-{-llht; ;l-_{a-n}-_a ¢
S0, .d."-l—-adj{m
Co=(=1"' Y=1-0=1 14|
91 f = 12
[? 3 -|'|" P -3 z'l =5l 819 6
Then,adj(A)=|=3 0 3| =3 0 =3 -3 14 =5
|z = 1| |2 3 1] 112
' 1['-' -3 2'| 1111 11
Thus, A™!' = —adj(A)==1 3 0 =3 2 188
14| M 3 1] TR TR
Mow, the solution of Eq. (i) is given by J_l 14 iJ
X=A"'B i) 11 11 1
On putting the values of A™* and B in RHS of Eq (i), we Thﬁsiwnﬂq"ﬂiﬂmgﬂ s o
get x+dy+dzr= i
1'? -3 2|[e] ,[7=e-3x11+2x0 x4+ y+2zm§ -Aii)
Xe=]3 o0 =3 ||11]|==] Ix6+0x11=3x0D and S+ y+z=T7 - i)
Mar 3 1 llo| Y -t1xe+3xtt+1x0 which can be written in matrix form as AX" = B,
- 1 3 4 x] g
2-33+0] o] Tors] I1] where.ll-|-2 i 2 x-[y aﬂdE-[E-l
==| 18+0=0 |==|18|=|18/9|=|2 (51 1 ] E
MNe=e+3zso]| Noz| lzzpo| |3 2]
1.1 =1L i}
- bl S
=] [s] = |yl=(E 22 25
On comparing both sides, we get z l_l3 H il |7
xm] y=2 andz=3 THETHET)
which are the required numbers.
[ CO- 14'| [11'|
- —— o — —_
13 4 1m o o1l ln
EXAMPLE |7|IfA=|2 1 2| findA™. “h_nm.2
51 1 11 11 11 11
24 70 _35( |11
— e — - —_
Hence solve the system of equations n u 1] [n
x+3y+4z=28 x| (1
=4 y =1
2x+y+2z=5 . 1
and fx+y+z=7 |All India 2019 sxml ymlandzm=1
TOP]C PRACT[CE 5 | SHORT ANSWER Type I Questions
10 Examine the consistency of the system of
uations 3x— y=2z=2 2y-z==land
OBJECTIVE TYPE QUESTIONS Saesyes ! NCERT)
1 If Ais singular matrix and (adj 4) B » O, then 11 Solve the system of linear equations using

matrix method.
(i) 2x=y==Zand 3x +4y=3

(li)3x +2y=d4and Tx + 3y=3

(a) there is unique solution
(b) solution does not exist
(¢} there are infinitely many solutions

(d) Mone of the above )
SHORT ANSWER Type 11 Questions

2 For the system of equations



Sx+2y=4Tr+3y=5

the values of x and y are respectively

(a) x=2,y==3 (b) x=2,y=3
) x==2,y==3 (d) x=<2,y=3

The simultaneous equations
kx+2y=z=], (k=)y=-22=2(k+2)z=3
have only one solution when

(a) k=-2 (b) k=-1

(¢} k=0 (d) k=

Given, 2y = y+ 2722 yx=2y+ rm=4q

and x + y + iz =4, then the value of i such that
the given system of equation has no solution is

(a) 3 (b)1 (c) O (d)-3

For what value of g, the following system of
linear equations will have infinite solutions?
X=y+zm3
x4 y=zm2
-3x-2ky+6z=3
(a) k=2 (b) k=0 (c) k=3 (d) k=-1

VERY SHORT ANSWER Type Questions

Directions (). Mos. 6-8) Examine the consistency of the
system of equations.

6
7
8

9

19

20

21

x=y=landx + y=4 [NCERT)

[NCERT]
x+y+z=12v+3y+2z=2 andbx+by+2bz=4
[NCERT]
For what values of k, the system of linear
equations x+ y+z=2 v+ y=z= 3 and

3x+2y+kz =4 has a unigue solution?
[All India 2016]

x+3y=5andr+Gy=8

Determine the product of

-4 4 40N 21 1]
=7 1 3|1 -2 -2|andthenuse tosolve
3 =3 =12 1 3

the system of equations x=y + z=4,
Y=2y=2r=9and2x+ y+ 3z=1. |All India 2017]

An amount of ¥ 3000 is put into three
investments at the rate of interest of 5%, 7% and
8% per annum, respectively. The total annual
income is ¥ 358, If the combined income from
the first two investments is ¥ 70 more than the
income from the third. Find the amount of each
investment by matrix method.

An automobile company uses three types of
steels 5y, 55 and 8y for producing three types of
cars Ty, Cy and Cy.

Sreel requirements (in tonnes) for each type of

Directions (). Nos. 12-14) Solve the following systems
of linear equations.

12 x=y+2z=7 3x+4y=5z==5and2x = y+ 3z=12.

13

14

[Delhi 2012
X+42y=3rm=4 v+ 3y +2r=2and
3x-3y-4z=11 [All India 2011)

3
Ix+y+z=l x-2y-z -Eand 3y=-5z=9 INCERT]

LONG ANSWER Type Questions

15

16

17

13

pe N

Using matrix method, solve the following
system of equations

6 9 20
3+§+E.4, E_E+E.1and—+— —_—m3
X y =z x y z r y z
where x, yand z=2 0. [NCERT; Delhi 2011]
[2 =2 5]
lf,d.-l3 2 --!J,Lhen find the value of 4™
1 1 =2

Hence, solve the following svstem of equations
2x=3y+5z=1l Bx+2y=4z==5

and X4 y=2z==3 [Delhi 2019)
1 2 0

IfA=|=2 =1 =2 | then find A™. Using A™,
0 -1 1

solve the system of linear equations x =2y =10,
2x=y=z=8and =-2y+z=T [NCERT Exemplar]

2 3 lﬂ'[
IfA=l4 =6 5 |find 4™ Using A7 solve the
6 9 -20]
5!.ren‘.f;~rr|lu:nfv;-n:ll:nau::mrlsg+3+E E,i-E+E-5
r y z x y z
and—+E-E--4
Xy z [Delhi 2017)
{c) The given system will have infinite solution, if
1 =1 1
2 1 =1|=0
=3 =2k &
= Gk =1f=0=k=13

Note There is no nead o verify [ad] A)B=0. Fork =3
Similar as Example 1. [Ans. Consistent]
Similar as Example 2. [Ans. Inconsistent]

Given system of linear equations are
ré#ytzml Ix+3y+2r=2and bx + by+2bz =4
It can be written in matrix form as AX = B,

SN

11 1
2 3 2
b b 2Zh

=4b=2b=b=ba0

Here, |A|= = 1[6b = 2b] = 1[4 b= 2b] + 1[2b = 3b]

)



cars are given below Since, Ais n:un—singulal. S0, A™ .ex_ist.s.. .
Hence, the given system of equations is consistent.
StealfCar G & G 11 1
5y 2 3 4 9. Hint For unique solution, |2 1 =1]|=0[Ans. k = 0]
5y 1 1 2 32 k
S5 3 2 1 10.  Given system of equations can be written as

Iy my=tr=m 20 x+iy=z==land Ix=5y+0-723

Find the number of cars of each type which can and its matrix form is AX = B where

be produced using 29, 12 and 16 tonnes of steel
of three types, respectively. [3 =1 =2] [x] 2]

A=|lo 2 =1|lx=|y|andB=|=1
HINTS & SOLUTIONS | Ll

3 o=l =z
H A o 2 =1 e 5 [0 B Y Do iy
L. (b) If|A|=0and{adjA) B = O, then system of equations ere, | 4]= =X Y+H0+3)=2 ]
has no solution.

I =5 0
==i5titi2=0

2. (a) From the option, we can see only option (a) satisfy - A~ does not exist

both the equations. Consider, the cofactors of elements of |4), ie.
3. (b) Hint Given system of equations has unigue solution, Ay =(=1f 2 -ll-{ﬂ'g}-_E
k 2 -1 =5 0
if|0 k=1 -2 |20
0 =1
0 0 k+2 Ay =(=1)"* 3 “’-—{u+3}-_3
= ke=201 rx|0 2
= k = =1is the required value. Ay =(=1) 3 .5,-{1]-&}--6
4. (b) The given system of equations will have no solution, -1 =2
if|A] =0 Ay, =(=1)""" 5 o|=-(0-10)=10
2 =1 2
= 1 =2 ;L-u Agy =(=1]"" : 'ﬁ‘-{uw}-ﬁ
1 1
ERE
= o= 25 = 1) # (A =1)+ 2(1 + 2) =0 Ap = (=177 7 _sl--{-l5+31-12
== =-3h +3=0 -1 =2
= A=l A!j-‘:-lff. 2 _l‘l{li--'l}-ﬁ
Hence, the system has no solution for A =1.
A“-{_”ifﬂlj' -2 = (=340)=3 Since, | A|# 0, so unique solution exists.
0=k Mow, cofactors of elements of | A | are
3 =1
A,,-{-l]3'3,0 4| =(6+0)=6 Ay, =(=1) ": _2§|-1{1zn-45]-?5
T T
Ay Ay A =5 =3 =6 A“-{-lf - 3 = = =B =30} =110
adifA)=| Ay A, A,|={10 & 12 6 =20
A A A 5 I & -
W A== T8 |=1ze+36) =72
5 10 5 . & 9
'[:: 1; :J Agy = (=17 3 _;g = = 1{=60 = 90) =150
[-5 10 5-|[ E-I [—lﬂ—lﬂ+l5-| Aﬂ -{_1}4 2 10 -1{__1ﬂ_m}-_1m
Now, adj(A)-B=l=3 & 3[l=1 |=] =g=6+9 6 =20
-5 12 6| 3] |-12=12413] Pt :l--uin-m}-u
-5
-|::ﬂ:ﬂ Ay==0| 2 =105 460273




1.

e

= adj(A)-B=0O
Hence, the given system of linear equations is
mconsistent.
12
Similar as Example 3. Ans. {l}l’-—andy-—
{"}IIZaml}r--a.

Solutions (). Nos. 12-14) Similar as Example 4.

12.
13.
4.

15.

16.

17,

Ans.x=32 y=landz=3

Ans, x =3 }'--Eandz =1
-7

Ans, r=], y-—m:u:lz-_
2 2

The given system of equations is

2 3 10 4 6 5
b —=md —=— k=],

x y z X oy =z
6 9 20

and —+—=—=2; x yz20
x y oz

I_Ell-u_.l--vandl—-w, then system of equations
x ¥ z
can be written as
Zu o+ I+ 10w = 4]
4 -6 4 5w =l ) iy
and 61 + 9w = 20w = 2|

Above system of Eq. (i) can be written in matrix form as

AX = B where
A T (1] 4 u
A=|4 =5 5lB=|1|and X =] v
6 0 =20 2 w
X=A"H __ i)

Its solution is given by

Here, | A |= 2(120 = 45) = 3 (=80 = 30) + 10 (36 + 36)
=2(75) = 3({=110) + 10{72)
=150 + 330 + T20=1200

= | A|=1200

Hint (i} Find A™
{ii} Write the given system of equation in matrix form as
AX = B
Ne 1 =2l
[Ans. A7 =] =2 9 =73} xel, y=2Zand zr =3
=1 5 =13
Hint (i) Find 4™

{ii} Given system of equations can be written in matrix

1 =2 0][x] [
formas (2 =1 =1 (| y|=|&
0 =2 1||z] |7
ie AT -X =5,

3 ananal’s
where X =| y land E=| 8
z 7

=5 X=(ATy" B _Ai}
(iii) We know, (AT )" =({A™"), so find transpose of AT

= 1

i ]

Ay =(=1)* g |=M15+e0)=75

10

Ay =(=1F = =110 = 40) = 30

Ay, = (=1

2
4
f _:l.n[-iz-u]- —24

T
Ay A::-l
n  An
1z A

_ |- Ay
cadj{A)=| A,
Ay

o

[ 75 110 ?z'IT [ 75 150 ?5]
=150 =104 0l =l110 =100 30
75 0 =24 j |_?:-: [} -31J

. 75 150 7%

adj( A i
and A" =23 1 1o -0 30
14 1200 49 0 =24

Om putting the values X, A" and B in Eq. (ii), we get

T

f:mn+1m+1sn'l
= | 440 =100+ 60
1200 | 288 40— 48

u 1 600
= v |=——| 400
w| 1200349
On comparing corresponding elements, we get

v Y —
1200 1200 1200

r=} y=3 and z=5

=T ltt Tem2Zd3 =F=240
Sm3m2 =H&h=1 S546=3

100
-ﬂEﬂ-ﬂﬂ-lﬂ--EI
00 8 001

= HA =8 = B{AA™" )=814""
[post-multiplying both sides by A™]
[ AA™ = 1]

[-4+1 +8 4=8+4 —-1.-34-12]

= B=8A"
1[—4 4 4]
SAT == 1 3
3l 5 o3 =y

Given system of equations can be written in matrix
form as

A== X=4"C,

where, Am|1 = }l o] 5]

2 1 3 z|



and substitute in Eq. (i), to get the required values of
x, yand z.

[ [-3 -2 =4 '|
Ans.A™=| 2 1 2bkx=0 y==Sandz==3

|_ Iz 1 3]

18. Hint (i) Find A™".
(i) Write the given system of equations in matrix form as

7y |anasa| 5|
AX =B where X =|1/y land B=] 5
1z |

iii} Required solution is given by X = A™'B.
(i) Req B ¥

|' L [75 10 7S '|
Ans. A7'=——{110 =100 30 fx=2 y==3z=5

200l 92 o =24

-4 4 4 1 -1 1
19. Let B=|=7 1 3|andA=|1 =2 =2

5 =3 =i 2 1 3

wfi 3334
SUMMARY

* Determinants To every square malrix A = [3;]of ordern, a
unique number (real or complex) can be associated which is
called determinant of the square matrix.

* Determinant of Matrix of Order 1 Let A = [a]be a square matrix

of order 1, then| A| =|aj; «, = a, L.e. element itself is determinant.
. mmmamuomzmn[:: ::]bea

square matrix of order 2. Then, det (A)or| A]=a,, a3, -a3,,a,,-
* Determinant of Matrix of Order 3 Let A =[g;L,.; be a square

matrix of order 3, then

| Al = & (@285 = 33083) = B12(821 B33 = 831 3z3)
+ 8y3(axd ~ 3313 [expanding along Ry

* Area of a Triangle The area of a tnangle whose vertices are

1| n 1
(%, 7). (%2, yz)and (x5, ya).isgwenbvh-xz y2 1
xa ya 1
« Condition of Collinearity for Three Points The areaof a

triangle formed by three collinear points is zero.

* Minor of an Element a, of a determinant is the determinant
obtained by deleting ith row and jth column in which element
a,les. llisdemledbyu,.

. ColacmrllM,islherri\ovo!anelenmtartfmmecotauorof
3, is denoled by C, or Ay and is defined as C; or A =(~1f*/M,

« Singular and Non-singular Matrices A square matrix Ais
said 1o be singular matrix, if| Aj=0and if| A] # 0, then malrix A
is said to be non-singular matrix.

<7 42
REERE

On comparing corresponding elements, we get
x=3 pymalandzrm-]

200, HiJlIThes].rstemnfequalinnsisx+y+z-5mﬂ,

5 o TY B pasgand s DY g B
II:H:I 1m I'DD 1060 104 106
Then, similar as Example 4.

[Ans. 1000, 2200 and T1500]

21l. Hint Let x be the number of ¢, cars produced.

y be the number of O, cars produced

and z be the number of C, cars produced.

Mow, according to the given conditions, we have
Zx+3y+4zm29x+ y+2rmidandixr + 2y + =16

Then, similar as Example 4.

[Ans. x =2 y=3andz=4]

(i) ad)(AB) =fad| (B))fadj(A)] (v) |ad)fadiA)]| =| Al"=Y"
() |ad] Al =| A~ (V) adj (adj 4) =] AP=2-A

Inverse of a Matrix Suppose Ais a non-zero square matrix of
order n and there exists matrix 8 of same order n such that
AB-BA-I.,Ihmwkalsceledmkmeofmk
A Itis denoted by A™ and is given by A™' :m[ad](A)]
Properties of Inverse of a Matrix Let A and B be two square
invertible matrices of same order, then

0 (A=A (i) (AB)™ =B~'A™
(i (A" = (A7 (W) A7 =] A"
() AR = AA =1 ) (AP = % A k20

Consistent and Inconsistent System A system of equations
is said to be consistent, if its solution (one or more) exist and a
system of equations is said 1o be inconsistent, if its solution
does not exist, i.e. no solution exists.
Solution of System of Linear Equations Let the system of
linear equations be ax + by y +C( Z =dy, ax + byy + €22 =d;
andax+by+cz2=d,
2 5 &} xfeelz]
Let A=la, b, c; andB = Then, the matrix
a3 b ¢
represantation of system of linear equations is AX = B. Here, if
Ais a non-singular matrix, Le.| A| =0, then X = A™'B gives the
unigue solution for the given system.
If Ais singular matrix, Le.| A] = 0. then two cases arise



* Adjoint of a Matrix The adjoint of a square matrix A =[g,] .., ts
defined as the transpose of the matrix formed by cofactors of
the elements a. It is denoted by adj(A) Suppose Aand Bare
two non-singular square matrices of same order n. Then,

() adj(A")=fadj(A)f (ii) adj(kA) = k"'(adj A).k € R

CHAPTER
PRACTICE

OBJECTIVE TYPE QUESTIONS

1 Which of the following is correct?

INCERT]

(a) Determinant is a square matrix

(b) Determinant is a number associated to a
matrix

() Determinant is a number associated to a
square matrix

{d) Mone of the above

2 Ifthere are two values of a which makes
determinant,

1 =2 5
A=|2 g =1|=8§ then the sum of these
0 4 2a
number is [INCERT Exemplar]
(a) 4 (b) 5
(c)-4 (d) 9
3 2
FIflr x x[+3=0 thenthevalue of xis
91 [Delhi 2020]
(a) 3 (b} O
{c) =1 (d)1
1 sind 1
4 Let A=|=siné 1 sin @ | where 0 <8 <2,
-1 =sinf 1
then [NCERT]
(a)det A=0 (b} det 4 &(2, =)
(chdetd (2 4) (d) det 4 ]2, 4)
[cost ¢ 11
5 If f(t)=|2sint ¢ 2¢ | then 1im%'-]' is equal to
sint t t rr
|[NCERT Exemplar]
(2) 0 (b) -1
(c)2 (d) 3
6 A square matrix A is said to be non-singular, if
(a) |A|=0 (b) 14|20
(e) [Al=-1 (d) 14]=1

(i) If {adj AB = O (where, O being zero malrix), then solution
does not exist and the system of equations is inconsistent.

(i) If (adj AB =0, then system of equations may be either
consistent or inconsistent, according as system has either
infinitely many solutions or no solution.

7 If Aand B are square matrices of same order,

then

(a) |AB|=]Al|8] (b) |AB|=|A]-|E|
[4] | B|

(e} |[AB|=— |B[20 (d) |AE|=—|A|20
|E| 14|

8 The adjoint of the matrix A= ; i] is

4 2 -4 2

@[3 7l e 75 2l

4 -2 1 =2

() {-3 1] @ |3 4]
VERY SHORT ANSWER Type Questions

3x 7
e

- I: I |,then find the value of x.
1Al India 2014

x4+l x=1
x=3 x+2

10 1f

, then write the value of x.
[Delhi 2013)

4 =1
1 3

X433 =2

1l Ifxe N and _3r ax

= § then find the value

of x. [Delhi 2016C)

12 If Ais a 3= 3 invertiable matrix, then what will
be the value of k, if det (4™) =(det 4)*? | pelhi 2017)
13 If Ais an invertible matrix of erder 2 and
det (4) = 4, then write the value of det (4™).
[All India 2017C)

14 Find the area of triangle, whose vertices are
(2,7),(1,1) and (10, 8).

15 1f A, is the cofactor of the element g of the

2 =3 5
determinant|6 0 4|, then write the value of
1 5 =7
dgs - Agy. |All India 2013]
[6=x 4]

16 For what value of x, matrixla —x 1] is a

singular matrix? [Delhi 201 1C]



SHORT ANSWER Type I Questions

0 X=a X=0b
17 If fix)=|x+a © x=¢|, thenshow
x+bh x+c 0

that f(0) =0. [NCERT Exemplar]

+x)" (1+x09 (1+x)2
18 If flx) =[(1+x)* (1+x)™ (1+x)*

(1+5% (1+*2 (1+x)Y

= A+ Bx +Cx? 4 __ then find the value of 4
INCERT Exemplar]

19 Show that the points (a+ 5,a = 4), (a=2,a + 3)
and (a, a) do not lie on a straight line for any
value of a [NCERT Exemplar]

[Hint Show that the given points are not
collinear for any value of a]

20 If the value of a third order determinant is 12,
then find the value of the determinant formed
by replacing each element by its cofactor.

INCERT Exemplar]

21 If for the non-singular matrix 4, 4* = |, then

find A

22 If Ais a non-singular symmetric matrix, then
write whether A™ is symmetric or
skew-symmelric.

SHORT ANSWER Type 1l Questions

23 Find the values of k, if the area of triangle is
4 5q units and vertices are (=2, 0), (0, 4), (O, k).
[NCERT]
24 Show that the points A(a, b +¢), B (b, ¢ + a) and

Cle, a + b) are collinear. [NCERT]

25 If A= [i j then find the value of A so that

A' = 34 =21 Hence, find 4™
M 1 11

26 Forthe matrix A=|1 2 =3 |, show that
2 - 3

A =6 A*+54+11] = 0. Then, find A™.
INCERT]

1 sin 8 1
27 Let A=|=-sin@ 1 sin @ |, where
-1 = sin @ 1
0 <8 < 2a, then prove that det (4)  [2, 4].
[NCERT Exemplar]
cost 1

2sint ¢ 2t
sint o

28 If fir) =

, then find lim ﬁzﬂ
L

[NCERT Exemplar]

29 Find the value of @ satisfying
1 1 sin 36

-4 3 cosld
7 =7 =2

=0,

INCERT Exemplar]
30 If A, Band C are angles of a triangle, then find

-1 cosC cosB
cosC =1 cosAd
cos B cos A -1

INCERT Exemplar]
LONG ANSWER Type Questions

1 3 3
31 ]fA-[l 4 3}, then verify that A.adj (4) =] A| L

the determinant

1 3 4

Also, find A™. INCERT)]

b
1+8¢ |and

a
32 Find the inverse of the matrix 4 = [c
a

show thata A™ = (a* +be+ )T =a A

33 Suppnsed-[-g 21 éandH-“ 31. 2I-I

1 -2 2] 2 -3 1
verify that (AB)'=B"'4". INCERT]
[i =2 1]
34 Letd=|-2 3 1] verify that
1 1 5
[adj A" = adj(4™). [NCERT]

35 Using matrices, solve the system of equations
4x #3y+2z=60,x+2y+3z=45and
Bx +2y+3z=T0 Al India 2011]

3 =4 2
36 IfA=|2 3 5| thenfind 4™ and hence solve
1 0 1

the following system of equations
3x-4y+2z=—L2x+3y+5zeTand x+z=2
[Delhi 200 1C)



2 31
37 ]f,-l_-[] 2 2 | find A™ and hence solve the
-3 1 =1
system of equations 2x + y =3z =13,
3x+2y+z=dandx+2y=-z=8

rt 1 1]
38 1u.{1 0 zJ,ﬁnﬂ A™ Hence, solve the

[Delhi 2017

311

system of equations x + v+ 2=6,x + 2z = Tand
Sx+y+z=12. [Dvelhi 2019]

1 =1 2][=2 0 1]
39 Use product|0 2 =3|| 9 2 =3|tosolve
3 =2 4|l 6 1 =

the system of equations x + 3z =9,

=y #ly=2z=dand?yr-3y+4z=3
| Delhi 2017; Foreign 2011]

40 The cost of 4 kg onion, 3 kg wheat and 2 kg rice
is ¥ 60. The cost of 2 kg onion, 4 kg wheat and
G kg rice is ¥ 90. The cost of 6 kg onion, 2 kg
wheat and 3 kg rice is ¥ 70. Find the cost of each
item per kg by matrix method. INCERT]

CASE BASED Questions

41. On her birthday, Seema decided to donate some
money to children of an orphanage home.

If there were 8 children less, everyone would
have got T10 more. However, if there were 16
children more, everyone would have got ¥ 10
less. Let the number of children be x and the
amount distributed by Seema for one child be y

(in ¥). |CBSE Question Bank]
Based on the information given above, answer the
Jfollowing questions.

(i) The equations in terms xand y are
(a)5x -4y =40,5x -8y =-80
(b)5x -4y =40,5x + 8y =80

(c)3x-4y=403x +8y==80
(d)5x + 4y =40,5x =8y ==80
(ii) Which of the following matrix equations
represent the information given above?

(@) (5 4][x] _[ 40
5 8]yl [-80
[5 —~d4][x]_[40
®)|5 _s] __v_=_3{.‘r]
©) [5 -4[x]_[ 40
5 -8)ly||-80
[5 4 |[x]_[ 40
@5 -s]ly =_-30]
(iii} The number of children who were given some
money by Seema, is
(a) 30 (b) 40
(c)23 (d) 32
(iv) How much amount is given to each child by
Seema?
{a) T 32 (b) T 30
{e) * 52 (d) 226

{¥) How much amount Seema spends in distributing
the money to all the students of the Orphanage?

{a) T 609 (b) £ 960
{c) T 906 (d) T 690

42. 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 50m, then its area will
remain same, but if length is decreased by 10m
and breadth is decreased by 20m, then its area
will decrease by 5300 mZ |CBSE Question Bank]

X

Based on the information given above, answer the
Sfollowing questions.
(i) The equations in terms of xand y are
(a) x = y =50,2x - y =550
(b) x - y =50,2x + y =550
(c) x + y=50,2x + y =550
(d) x + y=50,2x - y =550



(ii) Which of the following matrix  equation (iii} The value of x (length of rectangular field) is
represent the information given above?

@ 75
e
®), 5 ; -
@[} 1] ;
o3 -
| ANSWERS |
L ic)
5. (a)
9. F==2
3.1
4
15, A=a0
23 k=05

29, mmoor nm +{-1}'%

35 r=5 y=8and=z =8

=4 4
3740 =15
181 3 _n

b

50
350

550
[ 50
-.E‘SG_
S

| -550]

L (c)
B, (b)
0. x=2

I4. 235 squnits

20 144
m _[-1 1
25 A=1:4 _|:_2 :”2]

30 o

R
36 A7 = 3 1 =11
% s -4 17

4
-3}::1.;;:23;:.1: ==3
1

{a) 150 m (b) 400 m
(c) 200 m (d) 320m
(iv) The value of y (breadth of rectangular field) is
(a) 150 m (b) 200 m
(c) 430 m (d) 350 m
(v} How much is the area of rectangular field?
(a) GOOO0 m® (b) 30000 m®
(c) 20000 m (d) 3000 m
3. () 4. (d)
7. @ B (e
Il x=2 12, k==1
15. 110 16, x=2
A A 21, Symmetric

}::3.3::2 andz ==1

) o1 =2 0 2
3. AT =5 -2 -lfx=3y=landzr=12
- 1 2 =1

39 x=36 y=1landz =-9 40.  Price of onion per kg is T 5, wheat per kg is T8 and rice per kg isT4.
HL. (i) — fa), (i) — (e), (iii) — (d), (v) — (b), (v) —(b)

2. (i) — (b, (i) — (a), (i) — (e}, (iv) — (a), (v) = (b)



