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

| TOPIC 1|
Determinant

To every square matrix A =[a; ] of order n, a unique number (real or complex)

can be associated, which is called 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 f(A) =k, where A€M and N# == S —
k€ K, then f(A) is called the determinant of A. It is denoted by A (read as WV CHAPTER CHECKLIST

delta) or det (A) or | A| * Determinant
a 4 .- 4, » Use of Determinants in
R a i PR | 3 i (3 try
iie. if A=[a]cus then | A= 2 4n . Ayl Coordinate Geometry
: : * Minors and Cofactors
) @Ayy ... M o i
i Te - * Adjoint and Inverse of a Matrix
Note » Applications of Determinants
(i) For matrix A | A| is read as determinant of A and not read as modulus of A, and Matrices

(i) Only square matrix has determinant,

(ill) 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.,
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. element itself a determinant. eg. |3|=3

DETERMINANT OF A MATRIX OF ORDER 2 DETERMINANT OF MATRIX OF ORDER 3
a 4 (EXPANSION ALONG ROW OR COLUMN
Let A= .1.] H]l be a square matrix of order 2x 2. CTEP=BEY -5TEP)
20 23

Determinant of a matrix of order three can be determined
, S _ .
12l o PR by expressing it in terms of second order determinants.
s ]

Then, det (A) or |A|-t:l :
i

This is known as ﬂpnnsilm of a determinant al-nng a row or
i.c. determinant of order 2 is equal to the product of 2 column, There are six ways of expanding a determinant of
diagonal elements minus the product of non-diagonal order 3, ‘-'”‘"':‘I"‘“‘“"dmﬂ to ::a.ch of three rows &), #,, Ry and
three columns €, C,,Cy giving the same value. Let

=1x(-)-0x3=-2 A -I‘“fj I3 « 3 be a square matrix of order 3, then
i i

2 3
a0 -1

elements. e.g.
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EXAMPLE |1] Evaluate the following determinant.

) 12| w3
(i) Jr.vt:-llil X +‘:1:+] (i¥) ;E:-: :::l;Il

Sol. (i) Clearly,| =12|= =12
35
-2 4

[+|=alm = a]

(i) We have,

=ixd=(=2)x5

=12+10m 22
x=1 ) 1
Voot exetl

-{x’-lj-x'r.' {ﬂ-b}{ﬂllfﬂb'ib!]:lﬂl-bj]

-]
(iv) We have,
cos B =ginb
sin B oos b

o
gy gy

=iy, = 4;-"1:]

{iii) We have, s(x=1)x" +x+1)=x"

iy g
'uiil 'ﬂﬂ

ady, - 'ﬂn""n]

=04 H xcos B ={gint )| =sinb )

- :m*il +|.inil}-1

dyy  dp
az dg

=y dyg =dy ﬂ:u]

[ eos® x + sin’ x =1]

. . 2 & X &
EXAMPLE |2 - .
|2| Evaluate x:-f‘5 1| ’Zﬁ .

[Delhi 20160C)

2y 4
6 X

Sol. Given,

24_
51

Z2El=0Md=m2y K yr=6Hx4
2w 20m 2x" =24
=1hm2x® =2

I

Zx*-ﬁ =5 x“ =3

rniqﬁ

EXAMPLE |3| Evaluate the determinant of matrix

[taking square root]

3-4 5

1 1 =2

2 3 i1
3 -4 5

Sol letA=|1 1 =2 | then
i

-4
|Al=ft 1 =
2 3

DR AR
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o TR B
[l =lazs a2 ay
Ay Ay iy
Expansion along First Row (&) For expanding the
determinant of A along first row, we use the following steps
I. Multiply first clement @y, of R, by (-)"*"
[i.c. (= meteifesiong | ity the order

determinant obrained by deleting the elements of
first row (R} ) and first column (C ) of | A |asa; liesin

second

Ty Ty

o 1+
Lysne (=1
RyandCy,ie. (=) ayy Pl

Il Multiply second element a;; of R, by (-)"*?
[ie, (=ppemelstfsainn: | wich the second order
determinant obtained by deleting the elements of
first row () and second column (C,) of | 4| as ay,

L I

Ay gy

IL Mulaply  third  element a3 of & by
(=1 e (=D S ] yih the  second

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

L1 “’u}
dy dy

lies in B, and C,, ie. (=1 a1,

RandCy,ie (=)' 4y

IV, Now, the expansion of determinant of A written as
sum of all three terms obtained in steps 1, 11 and 111,

r i
dr'[d]-lﬂ|-{_ulf1 ﬂ“_ 22 15
dyy gy
i il i
+{_1]1*2ﬂ.u 21 23 _'_rL_l}H'J ayy 21 I
Ay 3 Tlim Ay

or |A|l=aylay ay —ay ay)
—dylayy ay —ay aypltaglay ay —ay day)
=y Ay Ay T Ay Ay Ap T @) dyy
Fayp gy dy tagyay an = ay ay ay .
Mote We can find the determinant of crder 3 by using step IV directly,
EXAMPLE |4| Evaluate the determinant

0 sina  =cosa
A= =sina 0 sin
cosax  =sinfi 0
0 sinx  =cos
Sol. Given, A = |=sinct 0 sinfd
cos @ =sinf 0

=0 [0=(=sinfd)(sinf})])=(=sinc fsinc 0= cos e sinfi)
+eosa(sinasinfl =0) [expanding along €]
=) +sinc(=cos sinf}) + cosasinasinf}
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1 =2
3 1

| =2

1ol
= (=1} 13]| 3 1

+(=1)" ”[-H‘

+{-1}’”E5I| - |
[expanding along R ]
=(=1)*31 xl-ﬂ-x{-z}]ﬂ-l}':-ﬂ[l W= 2 (=2
+(=1)"5(3=2)
=YWL 4a)+4(l #4451 = 214 20+ 5 m 46
Expansion along First Column ((}) On expanding the
determinant of A nlung first column [t':l ), we get

Wy dyy
iy iy dyy iy
@y Ay

+ [_ I}’n *1 ay,

yy gy

= aplapayy = ayay) = ay lapay = aag)
+ay lapaay —apayn) )
or |A|=ayanay —ayayay = ayapay,
tag gty @ day — dydyda
or |""|' @ypdypdyy = dydyydyy = dypdypdyy +dypad gy
... i)
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 £, Ry,C; and O,
step-by-step.
Mote
{ij For easier calculations, we shall expand the detarminant alang
that now of colurmn wich conlaing maximum numbes of zeroes,
{il) While expancing, instead of mubiphing by (=1/*/, we can
mulliphy by +10or =1 accoeding io (i + j) is even or odd,
O

While expanding the determinani, we can aitach ihe following
‘+" and "= signs.

i+

+
+

1 *

92 nr

2x  x+3|_I1 5
2Ax+1) x+1 3 3

of x. [Delhi 2013C)

10 IIA-[; ﬁ]andaa[: ?}thcnwritcthc

value of |AB|.
SHORT ANSWER Type Questions

11 If there are two values of @ which makes

I, then find the value

|Delhi 2015C)

1 =2 5
determinant, A=|2 a =1 |=86, then find the
0 4 2
sum of these numbers. INCERT Exemplar)]
cosccosfl cosasinfi =sina
12 Evaluate| =sinf cosf 0
sinacosf sinasinfi cosa
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= =gindi cos o sin i + sino cos aginfl = 0

| TOPIC PRACTICE 1 |

OBJECTIVE TYPE QUESTIONS

- then x is equal to

18 x| [18 &

(a) 6
(e) -6

INCERT]

(b) £ 6
(d) zero

0 XY= XK= b
x+a 0 x=¢
x+b x+¢ 0
(a) fla)=0
() fi0)=0

2 Iffix)= then
[NCERT Exemplar]
(b) f(b)=0
(d) fF1}=0
X sind  cosd
=ginfh =X 1
COsH 1 X

3 The determinant is

(a) independent of Bonly

(b) independent of x only

(e) independent of both Band x
(d) Mone of the above

VERY SHORT ANSWER Type Questions

4 Write value of the determinant FFI F;w
i tand I s
sec =tan
5 Evaluate| o0 “iech | [NCERT)
6 Evaluate cos15*  sin 15°
sin 75* cos 75 JAIl India 2011)
logs 256 log, 3
7 Evaluate log, 8 |ﬁﬂ49l
8 Ir 2; :‘.‘? ':,thennndlhtualuenfx.
[Delhi 201 4]
4. Let Am| P PH
p=1 p
-p"-(p-l)(p+l)
=pi=(p=1) [“(a+bNa=b)=a’ =b*]
-pz-p2+l-l
» sec =tanb
5. We have, L R

msec Xsecl =(=tan 0) X (=tan D)
=sec’ O = tan’0 =1 [sec®0 = tan®0 = 1)

. cos 15°  sin15°
6. Wehave, sin 75°  cos 75°

= cos 15°cos 75° = sin 15° sin 75°

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

=cos9P =0

@ www.studentbro.in



| HINTS & SOLUTIONS |

1. (b) Given,|* 2 -Lﬁ j::rz-!-h-‘h-lﬁ
18 x -4
= x*-‘h::»x-ih
i 0 a=bhb
L o) Clearly, fla)=| 2a 0 a=c

a+bh a+tec 0
= [(a=b)[2a-(a+c)f] w0
1] h=g i}
b+a 0 b=¢
2 b+e O
== (b =a)[2hib= )]
l-,?b{b-a”b-q’.‘]#ﬂ
0 =g =h
a 0 =¢
b ¢ i

=ag(be)=blac)=ab =abr =0

fib)=

flo)=

¥ sinth cosf
=ginfl =x 1
cost 1 X

3. (@)letA=

m oy (mx® =) =gind (=xsind =cos )

+ cog b {=gint + ycost)
me=x?= x4 xsin®0 +sinfcos f = sinBcost + xeos
s -x+r{:.iuil}+-:m*li}l-ri -5 & ¥

[ sin®0 + cos*0 =1)
= = x?, which is independent of 8,

1 =2 5
2 a =1
0 4 2
= Y2a° +4)=2=da=20)+0=86
[expanding along first column]
2a° 44 4+ 8a+40=86
2 +8a+ 44 =86m=0
a +da=21m0
@ +Ta=%a=21=0
(a+ 70 a=3)=0
am=7and3
S Requiredsums =7 ¢ 3= =9

| TOPIC 2|

1. Wehave, A= = 86

T I

7.

1.

12,

log, 256
log, &
= log, 256 x log, %= log, 8 x log, 3

log .3
We have.l B ‘

log 9

= log, 2* x log, 3" = log, fxlng‘j
=8 log, 2% 2 log, 3 =3 log, 2x log, 3

[ log m® = n log m]
=16 hg,ik%lng,i-!lngg ZH% log, 3

[ log b-llng.,b]
“ i

3
-a-; [ log, 2x log, 3=1)
13
[
2
Similar as Example 2. [Ans. ¥ = 6]
2x x+3l |1 5
b hﬂ“'i‘:ru] r+1'] 3
= 2x{x+1}=Hx+1){x +3)=mI=15
=5 Zr”+2r-21ri+]r+r+]}--12
= x4 lr=ixtefx Iy w2
=3 - =y =2
=4 =y m =24 b= =h
=5 ¥ o=l
M 2] [1 3]
W LA
¢ have .I_3 -] Jm‘dﬂ-l—'l 1_I
[1 211 3] _N=2 3+2] [=1 5]
Now AB= 1y oy =1 1)®1341 0=1]%14 8]
= |AH = 4 &‘
= =f == =25
costcosf} cosasinfp =sina
letA=| =ginfl cos f} 0

sinttcos ) sinusinfl  cosa
Expanding along R, we get

A = cos « cos [J{cos & cos [} =0) = cos (¢ sin [}

(= cos ¢t sinf} = 0)=sin ot (=sin® [} sin @@ = cos® [} sin &)
= cos a cos b + cos®c sin® P+ sin & (sin* P + cos*P)
= cos” t(cos® B +sin’ f) + sin® & (sin® P+ cos® B)
=(cos’ a)(1) +(sin® @) (1) [ cos®0 +sin’0 = 1)
=cos’ « +sin’ «

=]

Use of Determinants in Coordinate Geometry

We can use determinants in geometry also. Here, we will
use determinant to find the area of triangle and to find

Get More Learning Materials Here: m

1l |-
11 s 1|*] s

.'.[3

2 "-sl"

"~

@ www.studentbro.in



equation of line,

AREA OF A TRIANGLE

Let the vertices of a AABC be Alxy, yy), Blx,, y,) and
Clxy, yy).
Ay

8 C
2 ¥a) (xs, ¥a)
Then, in the form of determinant,
1| N "oy
ArcaofAABC--;- X, y2 1 -;-[x.(y:-y_‘)
B E TN TR
+x0yy = ) +x35(y = 3l

Note

(i) Area is a positive quantity, so we take the absolute value of
determinant,

(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,, ¥, )= (3 8) (x,, y,) = (=4, 2)and (xy, yy)=(51)
x n 1 3 81

X Y2 1 -4 21
Xy Yy 1} §.3.1

Then, area of triangle = - = -

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

Sof. Given points (2 = 3), (&, =1)and (0, 4) are collinear.
S0, area of triangle formed by these three points will be
ZETO,
2 =3 1
A =11
o 4 1
=  A=l=d)+HA =01+ 14 =0) =0

[expanding along K, |

=0

=% ?l-lﬂlﬂ:ti..nl:,—“

R 1]
Hence, required value of 4 is 1?

EQUATION OF A LINE THROUGH TWO POINTS
Let Alx, y,) and B(x,, y;) 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

Get More Learning Materials Here: & m

.';[3(2-1)-3(-4-5)+x(-4-1o)|
- L [3472 = 14)m 2 5q units
2 2

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,

1 -3 01

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

= 3 0 1lj=218
0 k1

= =H0=k)=0+1(3%k=0)= £18
=3 3k +3%k = +18 = 6k =118
=5 k=13

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 !
i.C. Xl ]2 l =()
Xy oy |l

= ir=ay+20mi

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

Pard 2.

Now, according to the question,

Area of APOR = 9 m*

1 1m 71
= § & 1
1=t k1
- area of atriangle with vertices (x,, w ),

.'I!'I }'I 1
Xy ¥ 1
Xy ¥y 1

=19

(x5 y;) and(x, JI"l]"'IE

= %l'lI{5-k}-715+l]+|15&+5]|- 4

[expanding along R, ]
= S5e=llk =42+ 5k +5= 18
= (=Gk+1B) mt18 = =hbkm=181%18

=184 18 =

For positive sign, k = ]

= iy
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collinear.

X A x y 1
Thus, we have 3% o Y =0orfx, 5 1]=0
1o  nl

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
o ont
X3 !
Consider, (x;, y;)=(2 3)and (x;, y;)= (=1, 2)
x y 1

2 3 1|=0

-1 21

Sol. Equation of line is given by =0

= x(3=2)= W2+1)+ 14 +3)=0 [expanding along R, |
= x=3y+7=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)=T7(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 (-1, -8). INCERT)
6 I the points (a,, by), (a,, by) and (g, + a,, by + by)
are collinear, then show that a\b, = a.b,.
7 Find the equation of the line joining (1, 2) and
(2, 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 3) and (- 5,- 3). Are
the given points collinear? INCERT]

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

Get More Learning Materials Here: m

=18=18
—

-6
Hence, the required values of kare 0 and 6.

| TOPIC PRACTICE 2 |

OBJECTIVE TYPE QUESTIONS

I The area of triangle with vertices (x,, y,),

(X3, ya) and (xg, yy) is
B A 1 n

(a) AI-Z- 2 )2 1 (b) A-E Y Vs 1
s y3 1

(d) None of these

and for negative sign, k= 6

3 Yal

o1
() A=y y, |1
3 yal

2 Areaof the triangle whose vertices are (a, b + ¢),
(b,c+a)and(c,a+b), is
(a) 2 sq units (b) 3 sq units

(c) 0 sq unit (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,, y, ) (x,, y,) and
(x4, ¥y )is given by

nont

Xy ¥ 1

Xy ¥y 1

Consider, (x,, y, )= (=2, =3), [x,, ¥} =(3, 2)

and (xy, y3) =(=1, =8}

=2 =3 1
3 21

-1 =8 1

Am—

el'l.-ll

.%|.;a[2 +8) 4 H3 4 1)+ (=24 + 2))

[expanding along R, ]
IIE[-EI}ih 12= 22 = =15

Sinee, area is always positive, so we neglect the
negative sign.
Hence, the area of triangle is 15 sq units.

6. If the given poinis are collinear, then

a b, 1
iy by 1(=0
a kay, b+h 1
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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

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

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

Am -

- %[a((c +a)=(a+ b)) =(b+c)b=c)
+1{b(a+ b)=c(c+a)})
[expanding along R, ]
= l,[a(c wb)=(b® =c®)4(ab+ b* =c* =ac)]

1 . .
-;[uc-ab-b' +ct vaba b = =ac)

.lxo-o
2
) 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 a3 of a determinant is the
determinant obtained by deleting 7th row and jth column,
It is denoted by M ;.

2 03

eg letA=|1 =3 4| Then, minorofa,),ic. minorof
7 65

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

ie. M, =

-3 4
; = - - = — 3¢
6 5 15-24 39

Note Mir\orolmelen\etna,dadslerrr\im of order n(n 2 2) has
orcler (n - 1)

COFACTOR

Get More Learning Materials Here: & m

= @y(by = by =by)=b(a;=a, =a;)
+i{a, (b, +b,)=b,(a +a,)}=0
[expanding along R, ]
= ay(=b)=b(=a,)+ab +ab, =bya =ba, =0

= =a,b, +ba, +a,b, +a,b, =b,a =ba, =0
= -ayby +ayby, =0
= ayby = ayh, Hence proved,
7. Similar as Example 4, [Ans, y = 2x]
2 =61
8. Given,—|5 4 1|=x35
2k 41
= 24 =)+ 6(5=k)+120=dk)=%70
= 043 =6k + 20=4k=x70
On taking positive sign, we get
- 10k + 50 =70
= - 10k = 20
= k=2

On taking negative sign, we get
- 10k 4+ 50= =70
= - 10k = =120
=2 k=12
Hence, the values of k are 12 and =2

9. Solve as Question 5. [Au. 3; No]

10,  Similar as Example 3.
[Ans. k= 20rk = -%]

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,
g a4 "("2|+ a lz(.'n +a l_‘(" 2

a a 5| @ a
-a”(_l)ltl 12 13 +au(_l)2+. i 15
a4y Ay ay dy

2+8|9 Ay

ay  dyp

=—ay(ayy agyy —ayy ap)+aplayy ayy —ay ay4)
—dayy(ay ay, = ay ap)
Ssdpdpay taaydyta,a)ay,
mdpdy gy A ay dy tagydy a, =0
5 6 -3
EXAMPLE |1|If A=|-4 3 2], then write the
-4 -7 3
cofactor of the element a,,.
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If M is the minor of an element &, then the cofacror of

a is denoted by €y or Ay and dcfji’ncd as
f.'{f or A‘j =(=1its M&

2 0 3
e.g let A= |1 =3 4
7 65

Then, cofactor of a, ), i.e. cofactor of 2
=(-1)"*"" minor of )
e, Oy =(=0""(=39)=-39

“xpansion of Determinant

in Terms of Cofactors
ap My Ay

The determinant, A=| a4y, a3 4,5 |can be written in
ay fp Ay

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

or ay Coyy+ iy Chtay Cy

or iy Cy +aynCy+ay Oy,

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

1.2 7@
elements of first row of determinant| 3 ¢ _4|
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, -I 7 3| [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,,]
=2l=20=]

Cy=(=1)"" M, [cofactor of an element a,, ]
= (=1)" xX47 =47

Cam(=1)'"* M, [cofactor of an element a,]
=(=1)'x28m=28

Cpym(=1)'"" M,

=(=1)' x1m1

[cofactor of an element a,,]

Get More Learning Materials Here: 5§ m

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

Now, cofactors of ay, '{*‘Jml.:r ': =={l18=21)m1

EXAMPLE |2| Find minors and cofactors of all the

elements of the deumimntl 2 -1 |

i s
E . . -]
Sol Minors of elements of determinant ; . | are

M, =5 [minor of an element a,,
Mi=m3 [minor of an element ;5]
My = =] [minor of an element ay]

and My =2 [minor of an element a,,]

Cofactors of elements of determinant i -; are

Cpm(=1)"" My,
=(=1x5=5
Co m(=1)""% My,
m(=l) im=3
Co m(=1)""" My
= (=1)" % (=1) =1
Cpm(=1)""% M,
m(=1)'x2=2

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

[cofactor of element a,,]

4 M, ==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
ay ay ay
5 Ifam|ay ayp ay|and A is cofactor of a,
Ay dgp Aagy

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

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 3x3, 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)
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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

(c) n-2 (d) n+1
1 a be

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

(a) =c(a® = b%)

(c) cla® +b*)

(b) c(b® -a®)
(d) cla*-b*)

a h gl

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=(fi5+J46 5 ol
3+¥15 Vi5 5

Find minors and cofactors of the elements
2 -3 5
6 0 4
1 5 =7
@ Cyy + ,Cyp + G13Cyy = 0.

of the determinant and verify that

INCERT]

| HINTS & SOLUTIONS |

(b) By defination of minor,
be
(d) My, = : cal

= ca’ = bemo(a® - b)

(b) Ay m(=1)"" My, me= My, == ;

s
¢

= = (he = f)= fi = he
(0)Ama, A, +a,A, +auAy,
=a, M, =a M, +a,M,
=] (= d0) = H=10) + (=2)(35)
= =404 30=70
= - 80

(i)

) |2 -4 l a ¢

SHORT ANSWER Type | Questions

9

10

n

12

10,

Get More Learning Materials Here: m

Find the minors of the diagonal elements of the
10 =
determinant| o/ 1 |-
1=

Using cofactors of the elements of second row,
5 3 8
201
1 2 3

evaluate A =

INCERT)

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

evaluate A=|1 y z+ x|

X+ y

Using cofactors of elements of third column,
1 x »y2
evaluate A=|1 y 2x
1 z x

[INCERT)

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

M, = [ = =)

: ‘I-Hi’-t-l
- |

1 -: =(4im2

: =l4ifml=lm0

18
1

23

Using cofactors of elements of second row, we have
A=ma,C, +a,Ch +a,0C,,

3 8
2 3

==X 9=16)+(=1)(10=13)
= (=2)(=T7)+(=1)7)
ml{=T=7

1 x
1y

1 z

58

40'(-1)1') Vs

- 2.(_”2 .l

01.(_”1' SIS 3|

1 2

y+z
T x
x4y

Given, A=

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

X y+z

11
mi= y z+x
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5 (d) A= Sum of product of elements of any row (or 4w 1 y4z2 4 i x
column) with their corresponding cofactors. +(=1) "R 1 24X +(=1) (x+y) iy
fi. Clearly, M, = Determinant obiained after deleting [+ cofactor A, - (=)t M,]
second row and third column . 4
3 =2 mlzxdx " =y =)=zt x=y=71)
.I1 o [=18=(=2) x4+ y)y=x)
=184 2m 20 sk atm e prezchyr eyt im0
7. Since, the matrix have 9 elements, therefore ils 12, HintAma, O +ay, Oy +ay,Cyy
corresponding determinant have 9 elements, Hence, [Ans. {x = v} y=z2){z = x)]
there are ® minors in determinant of A. N N J;
8. (i) Similar as Example 2. (3. Given, & »| i35+ 36 s Jio
[Ans. M, =3 M, =0 M, s=dand M,, =2 , =3 344115 S5 5

Cpyml, Oy mdand C,, = 2]

{ii) Given determinant is

a €
b d

Using cofactors of elements of third row, we have
Amay Oy #a3,Cq + a3y,

= (34 4f115) (=1)**" i
o Minors, M, sd, M, mb M, scand M, ma 5 Wi
Also, cofatorsare 4, m(=1)'* My, i xd m deypes| BB B
Agm(=1) " M, =(=1)xbm=b Jis+is o
Ay m(=1)""' My, mi=1)xcm=¢ +5{-1]:¢j 'E‘*'*E "IE
Apm(=1*t My mixama Yis+ie s
= (3+ Y2345 ) (/510 = 545) Cpy m(=1)'* M,y = (30) = 30;
B0 103 = V3N = V57 T I
+515E+5ﬁ-ﬁﬂ-ﬁwh_&l 5 =
u FEN]
= (34 JTEE)N5E =545) Cay (=1 " My, = =(=i) = 4;
=15 (410423 + 1045 =543 = f5.i6) My = f _?5 mmld=5m =10
+ 55423 + 543 =543 = 56 s
Coam (=11 M, =(=19) = =19
= 1502 = 1545 4 5423410 = 25423 i
M,, = =i+ Im]};
= 15023 = fisioa + 15 543 R
+ Ji5f5 36 + 25473 = 55116 Cogmi(=1F" M, == (13)= =13
=1 §
.15ﬁ_|5£+5ﬁﬁ-ﬁﬁm-15ﬁ My, = 0 4 m=]l=m =]}
, +1595 + i5V6/ho = sz Cy =(=1)" "M, = () -2
=
2 =3 5 M, = 2 5]y gmttm =22
14, Given, determinant=|6 0 4 6 4
1 5 =7 Co m(=1)"" "M, = =(=22) = 22
ﬂ -
We have, M,, = . -; == 20 = = 20 M, = i : =0418=18
Cpy = (=1)'*"M,;; [ cofactor €y m(=1F"/ My g m(=1)"" My =(18) =18
= (= 20) m =20 We have, g, @ La, ==L a, =5y =s=12
My =l le—izedm—de; Cy ®22,Cyy w18
e TLYY LoayCyy # 33Cyp + 030
= (=1 A == (= o) = s = (2)(=12) + (=3)(22) + (5) (18)
My= a 2 = W= 0= 30 == 24 = O
! =004 90 =0

Get More Learning Materials Here: i
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|'TOPIC 4

Adjoint and Inverse of a Matrix

SINGULAR AND
NON-SINGULAR MATRICES

A square matrix A is said o be a lingu]ar ALr, jf| A |= ]
and if |A |1rl}, then matrix A is zaid o be nun-:jnﬂular

matrix,
4

e.g ler A ‘[ﬁ

S0, the matrix A is a singula.r Marx,

1
3], Then, | A |= hi=th=Ii

2 113
EXAMPLE |1| Check whether the matrix[ & -1 ﬂ]
-7 2

L T 1
is singular or not,
[(2 1 3]
S0l letA=m| 4 =1 0
-7 21
Wy Ay Ay
t.-E.- IE-..-‘]‘ iy il 33 -I‘f;_‘ L
dy  d@yy gy

r:l I f'l:l.! I:‘.'WII ]

Then, adj (4) = 'l'mnspcm: of | Oy O (’.'_,._gl
( 'Lj ] ( 'I 32 ( '\,’l L]
f':l ] r"‘l] r':fH
0r .a.l,li {A} = f. 13 r."lz r..u
t""‘Iﬂ- {‘"1_‘ r"‘.ﬂ

where, {’.LE‘- is the cofactor of element -’:I'J:'-.

Nete For a square matrix of crder 2 given by A '[ﬂn g
8y 8p

} ad] (4)
can also be obtained by interchanging a,, and a,, and by changing
signs of i and &g
i.e adjlA &x '312].

\ }'['321 yy

EXAMPLE |2| Find the adjoint of the matrix

ii}[i '3]

|Delhi 2020
1 -1 2
()] 2 3 5|
-2 0 1 INCERT)
[2

Sol (i) Let A -[_‘

. J,IJ1.4:—11|.-{|- " 3|

Get More Learning Materials Here : i

2 1
4 =1
=7 2

Mow, |A|=

3
il
1

m ] () =] (=0 F(B=T)

===y

==f4+]

=30
Hence, A is a non-s

ADJOINT OF

3

ingular matrix.

A MATRIX

The adjoint of a square matrix A = Iﬂ'fl' lyw 15 defined as the

transpose of the matrix formed by cofactors of the elements
ay and it is denoted by adj (A).

2 5
Ag==| o T|==(z410)m =12
and A, = '22 3 sl=(=6)=h

Cofactors of elements of second row are

-l 2
.r'l!.I- o 1 E=(=l=0j=1,
Ay = Iz . =l+dm5
and Ay ==l ) “la=0=2)=2

Cofactors of elements of third row are

=] 2
Ay = 5 5--5-ﬁlrll.
1 2
Agz.-l? 5 E=(f=d)jm=1
and Agpw= 1 = =34 2m5
2 3
_ T
lI"'IJ AI! "1]‘3
Hence, adj (A)m]| Ay Ay Agy
Ay Ay Ay

e @)

EREtE
=l 1 5 2

_-11 =] 5
[ 3 1 =11

=12 § =1
6 2 5
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Mow, cofactors of elements of |A| are
Cyp =i=1)""(3) =3

Cpp = (=1)""7(4) = =4
Cy = (=1 (=1) =1
and Cpy = (=1)"*(2)=m 2

Mow, adj (A) =

1 =1 2
(i) Let Am| 2 3 5]
=2 0 1

Cofactors of elements of first row of | A| are

35
A”- 01 Ei=0=3

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

C,,=(=1)"" _; -‘2 =l=d==3
Cpym(=1)"*? ; 'fl--(zn)--o
Cym(=1)'"? ; _; LR By
C, m(=1)*"" :i -‘2 S=(=2=d)=6
Cpm(=1)""* .; -’2 ==l4dm]
Cym(=1)""? -21 :j ==(244)m=6
Cum=1"*' [T T2 [mas2me
-l =2

Cyym(=1)""? m=(244)m=6

2 =2

yes|=1 =2

m=l4tim]
2 1

Cyy=m(=1)

Now, the adjoint of the matrix A is given by

Cy Cu Cy -3 6 6
adj(A)=|C,, C, Cy|=|=6 3 =6

Cy Cu Cyul| |=6 =6 3
=] =2 =2

Now, |Al=] 2 1 =2
2 =2 1

mel(lmd)+2(244)=2(=d=2)
=) d A6)= A=) =3 4124 12m 27
[-1 -2 -2}[-3 6 e]
and A(adjA)=] 2 1 =2ll=6 3 =6
2 =2 1|l=6 =6 3

Fa..ia

Get More Learning Materials Here: m

[ Cym(=1)"my)

Some Important Theorems

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

Theorem 2 If A and B arc non-singular matrices of the
same order, then A 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,

ic. |AB|=|A||B|

where, A and B 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
Afadj A) = 4| 1,. |All India 2015

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

(v) |adj [adj (A)]| =] A"~
(vi) adj (adj A)=| A" -4

EXAMPLE |4] If A -[1 2} then verify the following

3 4
results.
(i) |adj Al = | A (1) adj (A") = (adj 4)
(i) |adj (adj A)| =] 4|
Sol LrlA-[; f]lhcnlzﬂn ; f|

Now, cofactors of elements of |A| are
Aymd A ,ms=3 A, ==2and A, =1

T T
’ A A 1 =3 4 =2 )
Soad) A -[A:: A:] -[-2 g ] -[-3 h ] A1)

i) Now.m-l; flu —bm=2 i)
and|adj(A)| = _; '12 mi=bm=2 (i)
[adj(A)| = |A| (from Eqs. (i) and (ii)]
(ii) We have, A -[; f]
Y .[‘z 3] and AT},

Now, cofactors of elements of |AT| are C, =4,
Cym=2C, m=3Cyml

- T
. C C
adj(A’)I ‘u 'u]
[Cyy Ca

3 T
4 =2 4 =3 )
- -_3 1 ] -[_2 1 ] iv)
From Eq. (i), we get

r T
a4 =2 4 -3
(adjA)" =] _s x] '[-—2 1]
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3412412
ml=he=6412 1243412 12=6=6
12=b=6 1241243

=h=6412 =6412=6
=-6412=6

27 o 1 00

= 0 27 0 w2710 1 0

0 27 0:'0:%
=271, =|All,

PROPERTIES OF ADJOINT OF A MATRIX

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

(i) adj (A7) =[adj (4)"

(i) adj (kA) =k""" (adj A), k€ R

INVERSE OF A MATRIX

Suppose A is a non-zero square matrix of order # 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 4™

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 8 of same order n such that

AB=BA=]
Now, AB=1
| 48] =|/|
= |AB|=1 o 7]=1
= |41 =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|/

= A[]%Iadi A]-[Flﬂadi A]A-I
= AB=BA=1]
|
where, B = —adj (A)
[

!
"o - . . ' l -1 = ‘ !
I'hus, A is inveruble and A mad; (A)
Properties of Inverse of a Matrix
Let A and B be two square invertible matrices of same order,
Then,

A" '=4 (i) (AB) " =B~ A™

Get More Learning Materials Here: & (ol >,

o (adjA) madj(A”) [from Eq. (iv)]

(iff) We have, (adj A) .[_; ";‘ ]
-2

: 4
ladj Al mf o

Now, cofactors of elements of Jadj A| are
C" = 1. Cn =3 C" - 2md ‘-‘11 -,

G eat 1 SF [ o
G Cal ™12 4] ™8 4
2 .
M CLEEES:

adj (adj A) .[

- |ndi(ade)|-|;

=|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 |
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
EXISts, SO gO Lo next step.

I1. Find the cofactors corresponding to each element of
Al.
1L l!inld adj (A), i.e. write the matrix of cofactors and
then find transpose of this cofactors martrix, to get
adj (A).
IV. Now, put the value of |4| and adj (A) in the formula
A= l.uli (A) to get required inverse of matnx A,

|

EXAMPLE |5] Find the inverse of following matrices.
15 1 =11
(i)[' ] @lz =10
1 00

-1 5

Sol. (1) LﬂA'[-a 2}th¢n |Aj= -

INCERT)

-3 2 mel4l5m1320

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

A, m(=1)""(2)m2
Ay = (=1) " (=3) =3,
Ay m(=1) "' (5) = =5
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(i) (AT) =4 G| A7 = Al

- - . I R
W AA = AT A=T (i) (k)™ = ' k%0
MNote
{i) It A B and C are invertible matrices of the same order, than
(ABCY" = C'E A,
{ii) Only square matrices have adjoint or inverse,

1 =11
(i) Let Am|2 =1 0
1 00

-1 ol |-

Then,|A|=1 P 0 0

-1 1

-1 0
[expanding along ]

=1(0) = 20) + (0 +1) m1#0

Thus, A is a non-singular matrix, so A™ exists,

Now, cofactors corresponding to each element of
determinant A are

-1 0
00
=l(=0=0)=0

" 20
Com(=0'""17 o

Cym(=n*! [ Cym(=0)"" M)

s=l(0=0)=0
Cpym(=1)*? =1(0+1)=1
Cyy m(=1)"! ==1(0=0)=0

Cyy m(=1)""? =0 =1)=m =]

Cn.(-l)“’ s=l(04])= =]

Cy m(=1)'"! =1(041)=1

11
20
1 =1
2 =1
Thus, matrix of cofactors

[Cy Ca Cy 0o 0 1
a(Cy, Cp Cul=|0 =1 =1

Cyy m(=1)""* |--n(o-z)-z

Cy =(=1)'"? =i(=142)=1

G 6 Gl %
0 o 17 [o o 1
and adj(A)=|0 =1 =I|=(0 =1 2
1 2 1 1 =1 1

[interchange rows and columns)

1 lO 0 1
Now, A™' = —adj(A)=~]0 -1 2
(Al N1 -1 1

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

which is the required inverse of given matrix A.

- _. [z 3 [1 -2
EXAMPLE |6] If A [1 _4]and8 [_1 3],then

verify that

(Y (ABY" 'mB™iA"! (i) AA™ ‘=]

Get More Learning Materials Here: & m

and Ay =(=1)"* ¥(=1)=m =1

Thus, matrix of cofactors = Ay
.Aﬂl

2 al _[2

[2

- 1 " 1 =5
Now, A~ = —: —
ow, A .|A| adjA .I3_3 _1]

which is the required inverse of given matrix A,
1 3

ok ] ] L oA | ]

2
Now, |A|= ; -? m-f=3m=1120

Sol. (i) Given, A .[12 _: ]md B= [_l T } then

-2

|B| = : 3-3-2-!‘0

mdlABl- -Sl 3 =ll=252=1120

- 14

Thus A, Band AB are non-singular matrices, so their
inverse exists.

Now.ldi(A)-[:: -:} [""‘“’[? 3]'[-‘: -‘f]]

ndj(B)-[? 12] and ldj(AB)l[-.l: ::’]

=11 =5 =1

-l 14 5] i)

. (AB)™! -mndj(/w)--—l—[-” -5]

1nis 1
ool agans ) fwg =81 1f¢ 3
A I-,Tl‘d’(,‘) .."[-l 2] 11[1 -2]
BVIRG TP~ 1[3 2]_[3 2
and B -mm‘h(ﬂ)-;[l l].[l l]

-t =1 |3 2|14 3
S i ]

ili il 2]

11242 9=4
B o
nlasr 3=2

1 [14 s]
- o
nis 1
=(AB)™" [from Eq. (i))
(ABy ‘=B 'A"! Hence verified,

3 -l 2 311 |4 3
(ii) Now, AA .[l _‘]-l—l-[‘ _2]
ra 3]

1 4 3
8 e
nir =~ =2

__1_'8+3 6=6
1jd4=4 3+8

q

111 0
1o 1]
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(iti) | A™ | | A" (Al India 2015€)

(iii) Now, |A™) -[l)
11

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

2
4 3
1 =2

and A" =(=11)" = -ll_l 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. A%).
(ii) Put the values of 7, A, A%, A°, etc., in given
algebraic equation and show that LHS = RHS,
I, Now, pre-multiply or post-multiply both sides in
given algebraic equation by A~
I, Simplify the equation obrained in Step Il by using
properties of inverse, as AA™' =1,A°A7' = A,
IA™' = A7, cc., 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 Il 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] If A=]| 2 '11andlis the identity

-1 2
matrix of order 2, then show that A’ = 44 - 31, Hence,
find A~ . [Foreign 2015)
Sol. Here, A -[_f -;}
Now, A*m A-A u[_f .;][_: -;]
[ 441 =2=2 ]
=
-2m2 144

[multiplying row by column]

Get More Learning Materials Here: & m

= l_:} ': J-! Hence verified.
5 =4 y
-[ i 5 J A1)

2 =1 10
Al N - -
50,4 A 3’-‘[-1 2] 3[0 l]

L

From Eqgs. (i) and (ii), we get
AmaA =3l

2 =]

-1 2

.(1k1)

Now, | A= |-«l-l-3¢0

A™ exists,
Now, pre-multiplying both sides of Eq. (iii) by A™,
we get
AT A = AT (4A =3D)

= (AT A)A=m4A™ A =347

= IANmdl =317

[A A" mlm A Aand A™" 1= A7)
= Amal =37 [vIA= A=Al
= AT mdl=A

el -5 5D
e -4 =)
o L
| TOPIC PRACTICE 4|

OBJECTIVE TYPE QUESTIONS

I If Ais a square matrix of order 3, such that
A(ad) A) =10 1, then |ad) Alls equal to

[All India 2020)
(a)1 ®10 (€100 (101
2 114.[_2‘ _36], then which of the following is
true?
(a) Aadj A) # | A| 1
(b) Aad) A) # (adj 4) A

: 00
(c)A(ad]A)-(ade)A-|A|I-[o 0]

(d) None of the above
2 A =3
3 IfA=|0 2 5|, then A™ exists, if
11 3 [NCERT Exemplar|
(a)A=2 (b)A#2
(c)he=2 (d) None of these
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4 If Ais an invertible matrix of order 2, then
det (A™)is equal to INCERT)
1
A — 1 [i]
(a) det(4) (b} aetA) (e 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)(AB)" = B A~ (d)(A+ By =B~ 4+ 2™

VERY SHORT ANSWER Type Questions

1 & 0
6 For what value of A, the malrixliﬂ -1 2‘ is
4 1 5

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

. Isinx 3 )
which the matrix[ 1 2sin I] is singular,
AL India 20050
8 Find|(adj A)Lif A= [? ;}
|Delhi 2014)
9 If for any 2 x 2 square matrix A, AladjA) = [g gil,
then write the value of | 4| [AN Imadin 2017]

10 If Aand B are matrix of order 3 and | A|= 5,
| B|= 3, then find the value of |34B|
[NCERT Exemplar|
11 If Ais matrix of order 3 and | 4| =4, then find
the value of |adj(A)|.

12 If Ais a square matrix of order 3 such that
ladjiA)| = 64, then find | A]. [Delhi 20130C)
2 =2

13 Find the inverse of the rnatr‘.x[ il
4 3] |NCERT)

14 l{A-[2 3}lhcn show that A™ = - A,
5 =2 19

15 If Ais a matrix of order 3 x 3, then show that

(A7) = (AT [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)

Get More Learning Materials Here: m

17 ﬂwen..a.[i '.,3

247 =91=A

], compute A™'and show that

[CBSE 2018

cosh

i sin o
18 Find the inverse of the matﬂx{_sin M cnsli]'

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

of (4%)™. INCERT Exemplar|

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

(iii) det(A™)-[det (A)]=1 INCERT]

SHORT ANSWER Tvpe 11 Qu ~:-'itiun.~;
21 Find the adjoint of the matrix[

25
2 31
=111
INCERT]
21 Find the adjoint of the matrix A= [; f] and

verify that Aladj(4)|=| A|L

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

1 4 § cos =sinm 0
(i) A=]3 2 & (i) A=|sine cosa O
010 0 ] 1
24 GI?&H,A-{ i '3}cnmputt A™ and show that
247 =01=- A
25 Ird'[-t:nx "?x],thrnshnwthat
T a4t _ 0082y =sin 2y
ATA '[slnit' cnslt}

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

matlrices,

26

1

33 0

5 2 =]
1 0 0

27 |0 cosa sina
0 sina =cosa

5 7
(AB)"'= B='A"",

28 LetAs [g 7] and B = [6 g} then verify that

[INCERT)

@ www.studentbro.in



l =1 1
=1 0l then show that 4™ = 4%
l 0 0

HINTS & SOLUTIONS

I. (e} We know that
Alfadj Aym| A
MNow, we have

29 II'A-

o 1 1
30 Find 4™, i A -[l 0 lj|andshnw that
1 10

e A’-ar A (adj A) =101
[NCERT Exemplar] o |Al=10
- l 2 3 Again, |adj A=A
3 IfA=| 0 =1 4[thenfind(A)™. |adj Al = A" = | A = (10)" =100
=2 2 1] [Delhi 2015] L. (c) We know, if A is any square matrix of order n, then
» Afadj A)=(adj A)- A = | A [
32 Compute (AB)™, 3. (d) Hint A™ exist iff|A| # 0
1 1 2 12 0 -
Lr .14 - ﬂ 2 -3 ﬂﬂd B-I - ﬂ 3 -11 ‘I'. “'.'I} Wi:- k“ﬂ'ﬁ'. AA = |
3 2 4] 10 2 A" | 1
INCERT] = lAl|A™ =1
33 Suppose a matrix B of order 2 x 2 such that = |A™ = Ll
. |A
1 =2 6 0 ’
B [1 4 ] = [ﬂ 6 | Find matrix 5 by using the 5. (d) Since, A and B are invertible matrices. So, we can say

that
inverse of matrix method, (ABF™ = B A )
34 Suppose a matrix A of order 2 x 2 such that

2 1 -3 12 1 0]
{3 2].-1 5 _3]- o I}Fmdthematrixdhy

We know that A = ﬁiad_j A)

using the inverse of matrix method. - adj A =|A]- A7 =)
=] I
35 Show that the matrix A -[ ‘?i :: satisfies the Also, det (A)" = [dﬂlllﬂ]l'
n =i
equation A'=54+TI=O. Hence, find A™, - det(A] '[d,,.[,q]]
INCERT; Delhi 2010C | = det(A)-det(A)™ =1 i)
36 Showthat A= [i =3 satisfies the equation which is "uh-’-.
1 1]
x?=6x +17= 0. Hence, find 4™, 6. Let A= l?. -1 2
37 Forthe malrix.d.-ra 1] find x and y, so that oA
'_T 5_" Since, the mairix is singular,
A* 4 xI = yA Hence, find .-1"_ |A|=0
1 A0
38 For the matrix A -L? L find the numbers a = 1 = 2|mo0
and b such that A? + a4 + b = O, Hence, find A™. i 15

= “-—5-2}-1{15-!]1‘-{.-&
-] =7A=0

LONG ANSWER 11 Type Questions -
117242 = -7h=7
39 1ra=|2 1 2].lhcnprovcthat A'=4A=51=0. o Am=]
_2 2.3 2¢n x 3
Hence, find A™. o LA '[ 1 Zin r]
[2 =1 1 *+ Ais a singular matrix,
40 IfA=|=l 2 =1 [,then verify that 2inx 3
(1 -1 2 [A|=0 = . 2sayl™®
A'=6A4"49A4=41=0 and hence find A™. |NCERT) , . 3
= dsin“x=3=m0 = sin x-:
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9.
100,

11.

1%

13.

15.

16.
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=5 Ny = 2 n-:x-:n
i — LT -
2 2

: 5 2
G LA
iiven, A= [_Jr 3]

5 2
7 13

We know that | adjiA)| =|A" 'ifAisa non-singular
square mairix of order n
o ladjtA) =
= |adj{A) =1
Hint Use Afadj A) =|A|l [Ans. |A| = 8]
Clearly, |3AB| = 3* | A| | B|
[if matrix A is of order n % n. then [kA| = k"] A|
and | AB| = | A | B[

|A| = =l5=14d=1

= 27 x5 3= 405

Given, | A|=4
Clearly, |adjiA)| = | A" "= | A =4* =16
We know that for a non-singular square matrix of
order n, |adj(A)| = A" ™",
Here. n= 3

Jadj(A) = A" = A
Given, |adj A] = 64

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

o _ o 13 2
Similar as Example 5 (i), ["'-“' A = H[.q. 2i|:|

Similar as Example 5 (i), then show that LHS = RHS.
(A m(AA)" = (A A™) [ {AB™ = B AT
=(A™Y
We know that [adj (A)} A=|A|l
[t o o] Tl o o]
=|Alo 1 of=] 0 Ja o
o1 00 |A

Om taking determinant both sides, we get

14 o o

lladj A)-(AN=]| 0 |A] 0
o o |A

100

= |adjAA|=]|A*[o 1 0
001

=|AP ] =] A [ |f=1)

I7.

15,

19,
20,

= faddj (A )| | A=A [o|AB =] A 8]

Jadj (A} = | A [+]Al=q]
Hence proved.
WEh&ﬂ.Al[jﬁ -?]:I
Here, |A|= 2 =3 =ld=12m 20
= 7
A™ exists,
. a T 3
Clearly, adj({A
early, adj( J'L 2}

{u‘;t-[: :], thpuadjuj.[i -dbﬂ

A" -ILndg'[A]

Al

17T 3 !
l;[{_ 2] A

MNow, consider RHS =9 [ = A

[1 o] [2 =3]
o 17|~ 7]
_f'i o] _[2 -3]_[? 3]
lo of7|=4 7 |%|4 2|
=24 [using Eq. {i}]
=LHS Hence proved.
cosfl  sint
it m [--'.nu cosd ] then
|a|= _fi’:{': ::::: meos’B+sin’Omlnd
© A™ exisis,
. cos B = sind
Alm.adj{ﬂli[“" B cosif ]

Loada b [d =b]
[=ae a=is 7
cos B = ginth
sim b r:m.l]-]

Now, A™ = I'Tladj{m-[
Solve as Question 15, [Ans. (A*)™" =(A™)")
Since, A is an invertible matrix, therefore we have
) -1 1 .
(i} A -madj{ﬁh
= adjA)m|A|- A",
which is correct.
{iiy v (A+B™ e B+ A™ 50 given result is incorrect.
1

(i) o det( A= )= {det{ A)™ = det(A™)
iii =| ™ = 'dﬂ{rﬂ

=sdet(A)-det(A™ ) =1,
which is correet.
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0% =13
21, Similar as Example 2 (ii). | Ans, ’-‘1 f [ ]

5 =3 =]
12 Wehaw,d-[; f}theuﬁ:relﬂl-; f

Mow, cofactors of elements of | A| are
Cpymi{=1)" xdmd; Cpym(=1)"" x3m=3

Cym(=1)" x2m=2 and C,, = (=1 x1m1

T T
. €y Cu i =3 4 =z
S EA PR Ry

MNow, |A|= ; 4 Ej=hm=] ol
st 23 ]

(4= =242 _[=2 0
“liz=12 -nn]'[ 0 -2]
10
--E[ﬂ 1]-|ﬂ|f

Hence, Aladj(A)] =] A| L.

[from Eq. {i)]

[=6 5 14 Tl

[
23. (i) Similar as Example 3, Imu adj (A) -l 0o 0 9 JJ
3 =1 =10

(i) Similar as Example 3.

[ cosc  smo 0]
Ans, adj (A) =|=gingg  cosc 0

1] ] 1
24. Hint
(i) Compute A™', 2A™ and 9/ = A,
{ii} Prove, LHS = ItHHrA.m. A= =L[7 3]l
| 2le 2]
25, Given, A -[ ! e xi|
= fan x 1
Now, |A|=| ' WY i+ tan x w0
- fan x 1
A:'I exists.
Let Cy be the cofactor of a; in| AL
Then,
Ciy mi=1)*" 1= Cis =i=1)"* !1- tan x)= tan x;
(. m(=1F"" tan ¥ = = tan xand O, ={=1)"""1=1

. odi Cy € ! 1 tan x|
..adjid}-[i,u E;] .[_u“ . ]

1 = lam x
=
tan x 1

Get More Learning Materials Here: 1 m

AT nl—ade]'

14
A= 1 1 = tan x
14 tan® x| tan ¥ !
1 -an ¥
I I
o1 Han x 14tan’x
tan x i

[t#tan’y 1+tan’y

1 = lan x
Now. ATA-l w|! =tanx l+#tan’x 1+ tan’x
- lany 1 fan x 1
tetan’y 14 tan’x |
[ | tan® x tan x fan x 1
Ty iz i+im’x lvbn'z
+an’x I1+tan 1 x
= AT A - 1+ tax an” x 1 -IlJ2
tan x fan x tan” x 1
- — e
i+tan®y I+tan®y 14+tan’x l4tan’x
[ multiplying rows by columns)
l-tan”r 2 tan x -‘l
3 2
ey AT 4™ | P AN X 1+T.a|:.t
2tan x l=1tan" x
(14tan’x 14 tan'x
[cos 2x sin 2x .
LT = ] Henee verified.
| sin 2x  cos 2x

26,

27,

=3 0 0

-]
Similar as Example 5 (ii).| Ans. —| 3 =1 0
e -2 3

[1 il i}
Let A=l cos i gini |

0 sminid = cos
1 ] 1]
Then, |A|l 0 o8 &in 2 -1[-1:051{: --l.in”u}

0 sindl =0Co8 0
--[:m“u +i.in!uil-“]l-11l-ﬂ
oA™Y exists,

Mow, cofactors of elements of |A|are

C '{-1]||-| cos L &m0
n Simi  =cos 0L
= (=cos’et ~sin’)m =1 [ cos* 0+ sin® O=1)

- TrL sim L

Cpym(=1) 0 =cos (1 == (D=0

" (S ﬂ

Cppm(=1)*" . :‘j‘:: =1(0)=0

- 2% 1 'n ﬂ
Cyy m(=1) sin @ = cos o == ]0)=0
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28,
29,

30.
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0
0 =08 i

=

I';_“ '[-I}J L

FEE N L ]

Cyqg m (=1} == (gin ()= =5in 0

0 L]
t..gl '['I}i # 1

cos o sin

Copm(=rpt2fl Y

vl

Cgg = (=1} = (oo 8 =0)= cos

[ f‘l 1 {1I2
soadifA)e]| C, Cy

II:'!I F!.ﬂ
=1 ]

0 ]'
= gind

COs (L

- {0s il
0 =gna

--II_ 0 ]
= 0 =¢o5d =gind
00 =sinix cosQ

- 1 i
and A IF[[EI:I._I[A]l

i r-l [1] [} -l
| 0 =cos(l =gini
=1} 4 =ging cosa

1 ] 0
=0 cosd sind
0 sind =cos@

Similar as Example 6 (i),
Hint Compute A™

011
We have, A=|1 0 1

11 0

Mow, cofactors of elements of | A| are
A==l A, =l 4, =1 A, =]l A, ==]

A=l A, =1 A, =mland A, m=1

[=t 1+ 1T [=t 1 1]
adj(A)= [ I =1 |I = I I =1 |J
1 1 =1 1 1 =1

Also, |A|m=1{=1)%11=2

: =1 1 1
Now, A™ -M-i 1 =i |
|4 - 1 =1
o1 17To 1 1] T2z 1 1]
and A= |1 0 1f]1 0 1)=|1 2 1
11 of]1 1 0 11 2

== (ging =0)= = 5in

and A” and prove the result,

== cof (L =0)= = ¢o8 i

i)

.A -3

i
! 1

31. We have, A-I =]

=1 2
1 =2 3
Mow, |A|=] 0 =1 4

=7 21

E=04lp=0m]l

s A exists

1
1 | =
2

30 0
03 0
oo 3
=A" [using Eq. (i)]

Hence proved.

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

[expanding along R |

Cofactors of elements of |A| are

I.;.." '['”I 1l

Ciam {_1}: + 3

-ﬁ'“ - {-1}: + 3

'I:‘_“ '{-I}J + 1

Edi{-l}z"‘

Eﬂi{-l}z*i

£11: '{-I}i L |

- I{-I}i L

'C‘i.l. l{-—l}i 4

e

=]

2
]
-2
]
2
2

1
=1

c‘l 3 'r“.."!.

Thus, m:ljlj.-i.]-I:lE’li [

=2 ?--:-2-&;-&

1
1

—

(=] =f=="0

:‘--w+a:--s

1
5 =(0=2)==72

=(l +6)=7

E=(l=d)m2

j =(=f4+3)j=m=5
3
p == ) -

T (=] =0)==1

II;hll
i

-4 8 =5
= |=8 7 =4
Coul |=2 2 =1

[-u.'- 8 =5]

=1 2 =]

f."-—ndJ[.-u- I-s. 7 =4

Maw,¢,-!.'p"-¢,a."p'-[

e @)

= 8

-5 -l = =2
=3 7 =4 =| & T 12
=] =5 =] =]

-2 2
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I

We have, Am|0 2 =3

2
Now, |A|s|0 2 =3|=1§=a)=0+3=3=4d)

[expanding along )
=2=21m=1020
. A™ exists,
Mow, cofactors of elements of | A| are
2 =3

Ciy -"UHI =7

Ei=6m 2

0 =3
jed 3 4|==@+9)==9

i+l 0 2
3 =

i 2
=7 4

1 2
34

Cyz =(=1)

Oy =i=1) =i=fhE=h

Oy = (=1 =={d+4)j==5

Cyy m(=1)"" ‘--1.-“-2

1 1
3 =2
1 2
2 =3
1 2
0 =3

Cyy = (=1)""" E=(=l=lmb

Ii:lll = [-1':‘:

E=j=fu==7

Oy m(=1)"" E=(=i=i)=]

1

E‘-“ '[-lljil o

=2

E‘:II C|t 'Cli '
adj(A)=| Oy Oy Oy

Lll f“:lt lI:"!:I

R Ay
== =2 5
-7 3 2

2 =8 =7
== =2 i
-6 5 2

. 2 =8 =7
and AV s—udj(A)m—|=0 =2 3
A] Wl 5 2

Now, (AB)™ = B™'A™
12 0] [2 =8 =7
20 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,
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=B=d 40 =T+6+0]
f=6=5 0+%9=2
- D1l =T %044

_ [2=18=10
—|0=27+6
9 s ppmiz

[multiplying row by column]

16 12 1
= -—I =21 =11 7|= E E i
191 1o 7 =i 1% 19 19
10 =2 3
(19 19 19|
- 1 =2 [ .
iven, H[I 4 ] = [ﬂ h:| A1)
Let A -B 'f]amlr_‘ -[g ':}

Then, Eq. (i) becomes BA = " = (BAJA™ = CA™
[post-multiplying both sides by
A™, as |A|-|1 'fl-nz-uu]
= KA ymCA™
= BlHwcA™
= BeCA™

Let Ay be the cofactors of a; in |A|
Then, Ay, =i(=1)'""4=4,4, =s(=1)"1==1,

Ay (=1 (=2)= 2and Ay = (=1)***1m1

N [,a_” "":u-lr r "'Tr [4 i-l
A= = T e

[ AA™ = 1)

.{ii)

and A Im -ﬂ-lij{ﬂl-;[_l 1]

. From Eq. (ii), we get
oofo el 1L O

= 1[24 +0 124 0] [multiplying row by column]

6l 0=6 0+6
124 12 4 2]
L -
ol=6 6] |=1 1)
2 1] . [=3 2]
Let B-[3 2 and ( -[ 5 -3] then the given
equation reduces to
BAC = | (1)
Now, as| B|= i ;Iml-‘,!-lco
and |C|-|.: ; =20=10==120

~Both B~ and C™" exist,

1 2 2ff1 2 2
AlmAAm|z 1 2)|l2 1 2
2 2 1flz 2 1

F. @ . 4 o o- omo. a4 m o= a . =

@ www.studentbro.in



= (B7'BYAC)= B™ T Tab: = T

R " T4d44 24244 24442
o HAC) = B™ [« B 'B=l] m{24244 44144 44242
= AC = B A1) 24442 44242 44441
Now, post-multiplying both sides of Eq. (ii) by ™', we [multiplying rows by columns]
get 9 8 8
(AC)C™ = B™'C™ =8 9 8
= A(cc™ )= 57 R i
= Alm B l...(_'(*'i.’] 9 8 8 1 2 2 1 00
i Now, A’ =d4A=5/ml8 0 8[=4|2 1 2|=5/0 1 0
= A= RF'C ..(1i) 8 8 9 2 2 1 00 1
Now, let us find B~ and C™', .
" 98 8] [+ 88] [s00
LlcmlyB"-—adj(B) [3 2] =(8 9 8|=|8 4 8|=|0 5 0
|5 s 89 |s s af [oo5s
adil@ bl ld =b 53
] PR - a Jumid=5 B=8=0 8=8=0] [0 0 O
2 = S| l=f=) Y=]=5 S=E=0i=l0 0 0O
-[_3 2] | 5=8=0 5=8=0 9=4=5| |0 0 0
Al miA=5l=0
-t -3 =2]_[3 2 o
=g 'ﬁ"d’(c) 1[-5 -3]'[5 3] 12 2
~From Eq. (i), we get New: 14 1% ; ‘» :: e i e .
2 =] :
[ ][ ] [expanding along R, )
s=34dbdmbe0
=5 - A-l ist
-9 410 -uo 1 o SN
A A" =iA=5I=0
35.  Similar as Example 7. [Am A"-;[f .;]]  On pre-multiplying both sides by A™, we get
o : ATA = 4A™ A =54 = AT'O
36. Hint (i) To show A" =6A +171, = 0O = Nedl=5A"u0 [“A” ImA™ and A-A™ = 1]
o -1
(ii) Use above result to find A™'. oy SA™ mA =il
- 114 3
Ans. A™' = “aliA=
[ " F{-J 2]] = AT m(A=4D)
(
37. Hint B | | R 1789
(i) First, find A*, = ATmcll2 1 21=410 1 0
e 2. 001
(i) Then, put value of A* and A in the given equation .
4 xlmyA [1=4 2-0 2=0
: B|2=w() |=d4 2=0
Also, solve it to find x and y. 5_2-0 2=0 1=4
(iii) Now, use the above result to find A™", as in Example 7. |:-3. 2 2
-] 1 5 =] = A-I.—- 2 - 2
Ans. r=f y=§ A o 5_ r o =
I8, 5““““ as Qll!!-tl'ﬂl'l 37, 400, SI:'-I-'U'-E as Q‘L'l-ﬂi.-l::l“ 39,
31 =1
[Anna--i.b-lmd-{"IL: 'i]] [m.a"-‘- 1 3 I]
AR

| TOPIC 5|

Applications of Determinants and Matrices

Determinants and matrices can be used for solving the (1) If (adj A)B # O (where O being zero matrix),
system of linear equations in two or three variables and then solution does not exist and the system of
for checking the consistency of the system of linear equations is inconsistent.

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

Get More Learning Materials Here: 5§ m
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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, i.¢. 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+byy+eyz=dy.

a b« x d,
Now,let A=|la, by |, X=|y|and B=|d, |
ay by ¢ z dy

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. |A| # 0, therefore
inverse of A exists,

Now, pre-multiplying Eq. (i) by 47", we get
A AX)=AT'B

= (A"AX=A""B [by associative 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 W1 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,

- a - - - -

Get More Learning Materials Here: & m

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

Malrtc represantation is
AX= B. Calculate |A].
1

1
I |A] =0, then
caleulate (ad) A) B.
1

1
It (acj A) B = O,
then system may
De aither consistent
(have infinitely many
solutions) or ncongisient

(nas no solution)

[
It (ac) 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) A is non-singular 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,

B | X
where A-[2 3}.’(-[y]

~ wf]

Now, |A|=]|! 2

1

2 3
Since, A is non-singular, so A™" exists.

Hence, the given system of equations is consistent,

=2l(j)=A2)al=dum=] g0

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 = §,

1 =3 X 3
where A-[S _s].X-[y]mdB-[,’]
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where A -[: :;} X -[;]nnd B-[;]

Now,| A |= ==64+6=0

3 =
6 =2

s A™ does not exist,
; -2 1 oula b d =b
Now; M‘(A)-[-b 3] [ Dd,lc d].[-c a]]

=2 1][5] [=1043] [ =7
adj(4) B.[-b 3][3]'[-30 +oj'[- 21]

= adj(A)B=20O

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. i we get same value of y (or x)
from both equations, then equations have infinitely many sclutions,
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, 5o inconsistent.

Method to Solve System of

Equations by Matrix Method

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

the following steps

I. 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™' = M;l adj (A).
IV. The solution of Eq. (i) is given by

X=A"'B (i)

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.

o 1 =1
Cypmi=1)**" ) g|m=(2en==
Copmi=1)*"? _j '; = (10+7)=17
- 1+13 5 l - - -
Ca=(=0'"" |==00=7)==3

Get More Learning Materials Here: & (ol >,

-3

Now, |A|-; g

==049= =120

So, A™ exists and it is given by

- 1 : 1 | =53 15 =3

e

5 ] H e e

= (=[]

Now, comparing the corresponding elements, we get
- -19
x==—and y = ——
11 I
EXAMPLE |4| Using matrix method, solve the
following system of linear equations.
Sx+y—-2=74x-2y—-32=5Tx+2y+2z=1
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) =24 2)+ T (=3=2)
[expanding along C,]

®2l0=16=35 m=41 20
Thus, A is a non-singular matrix. So, A" exists.
Colactors of elements of |A|are

=7 =3

Com=0"t7) 7,

m(=d 46)m2

-1

Cumi=) Y e 2)m =20
7T 2

4

7

-2

Clj - {-1}1 i 2

= (B4 14)m 22

Cy =(=1)""" ()= =3
Cp m(=1)"" ¥ (2)m 2

L T
. [ i -
Then, ad]l_A}-[C;: C:] -[_; ;] .[; 2]

- 1 R
Now, A™ = —adj{A)
A
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L‘,,-[-u“" ;: '; E (== 2jm=5

- qeza|5 =1
Cyy m(=1}) ‘4 -3 E=(=]5%4)=1]
r_‘,,-[-u“’"!' HNa (=l0=d)=m=14

4 =2

T

Cy Cp Oy

Then.adj(A)=|C, C Ln

I:‘ll c‘ﬂ Lﬂ
2 =29 ZZ 2 =q =5
=| =4 17 =3| =|=29 17 11
-5 11 =14 21 =3 =4

r 2 =9 '-'5-1

Now, A-J'I-:Tlad“ﬂ}-L['m 1711

=4l 22 =3 =14
and the solution of Eq. (i) is given by X = A™'B,
[x] [ 2 =4 =5][7]

a2 2

' 14 =20= 35] =41
| =203 4854 77 | m = | =4

W is4=15=98 - I_ 41
[multiplying the row by column]

X 1
= IZyJ = l 1] [dividing each element by (= 41)]

z 1

On comparing corresponding elements, we get
xml, yml and zm=]

2 3| .. -1
: 4]. Find A~ and
hence solve the simultaneous equations 2x + 3y + 4 =10
and =5x + 4y +13 =0,
-7- Firstly, determine the inverse matrix of 4 iLe. A, then
¥ rewrile the two equations into matrk form and use A 1o
sobve for x and y.

Sol Given, A-|: 2 3]

EXAMPLE |5 Given that 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
Cpy m(=1P " (4) =4
Cppm(=1)'** (=5)=5

Mow, cofactors corresponding to each element of | A | are

_:! ?-1+|!|-'.iI

o3
1

Cyy = (=)'

Cppm(= u'*’ ==(0=3)=3

L—.u = {_IJI*!

. _;I-ﬂ—l-—l

C:“ = {_1 ]i'l'i

1 1
5 III—I[I-I-E}-—E

Get More Learning Materials Here: 1

sorre €3

1[4 =3
|5 2

Given system of linear equations are

= A=

2y #3ym =4
and =Sx+4y==13
These equations can be written in matrix form as
AX=mB i)

A -[-i :] X I[ ]a.lld H-[-I;]
The solution of Eq, (i) is given by

X=A™H (1]
On putting the values of A™ and B in RHS of Eq, (ii),

where

we get
- 4 =3
XmA H'—[ ][-13]
- =16 30 '_ 23 - 1

I'x"l [ 1]
- B B
- xml 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

¥ y+zma, y+izmll

and rézmiy = x=2y+zmi
In matrix form, this system of equations can be written
as
AX = B A
lo 1 3Lxaly |t mali]
where, A=]0 3LX=|yland B=l11

1 1
Here, |A|=|0 3
1 =2 1

1-% 1 z | lo]

=1(1 + &) = 10 = 3) + 1{0 =1)

[expanding along K]
=7 +3=1=920

Since, | A| # 0, 50 the inverse of A exists.

Sol Clearly, the system has a unigue solution given by
X=A"B.

Here, | A|=

(S ST Y

1 3
z21
5 1

=1{1 = 2)=H2=10) + 4(2=5)
[expanding along R, ]
=] 2 =]T=]] 20
Thus, A is invertible.
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i1
Cy = (=1)*2 =0
11
w3l 1
O =(=1) ==(=2i=1)=3
1 =2
Cyp = (=1)"" 1 ;-3—|-2
o mi=1)"2[! Yae@-0)==3
= 0 3
iﬂ-t-llm,; :-1-u-1

7 3 =] [7 =3 2
Then..adj(.#}-LS 0 :; ] -[ 30 -3]
|z = 1| |2 3 1]
1
Thus, A™* -—ad][A]-- 3
14| L I 3 i |
Mow, the solution of Eq. (i) is given by
X=A""H __ i)

On putting the values of A™' and Bin RHS of Eq. (ii), we
get

1'? -3 z][a THa=3xll+ 2x0
Xe=|3 o0 =3||[1i|=-] 3x6+0x11=-3%0D

[

Mar 3 1 llo| Y -t1xe+3xtt+1x0

[a2-33+0] . [91 Tere] [11
=] 18+0=0 |==)18]|=|18/0|=|2
MN=6+33+0 27| |zme] |3

-0

On comparing both sides, we get
xm] y=2 andz=3
which are the required numbers.

1 3 4
EXAMPLE |?|Ifﬂ={z 1 2], find A7,
5 11

Hence solve the system of equations

x+3ytd4z =8
2x+y+2z=5
and Ex+y+z=T7

TOPIC PRACTICE 5 |

OBJECTIVE TYPE QUESTIONS
1 Ifdis singular matrix and (adj 4) B = O, then

|All India 2019]

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

(d) Mone of the above

2 For the system of equations

Get More Learning Materials Here : i

e @)

Now, the cofactors of | A |are
Ay ==l Ay =8 Ay ==3
Ay =l A, ==10 4, =14
Ay =2 Ay =h Agg = =5
[=t 8 =3] [=1 1 2]
- adj[m-l 1 =19 14 g =19 ii-J
2 6 =5 =3 14 =5

1
S0, A™'=_—.adj(A)
14|

J [ 12
=—.| 8 =19 &
Mg 14 =

1 1 Z
11 11 11

& 19 &

11 11 11
3 14 =5
11 11 11

The given equations are
x+3y+dz=§ i)
x+ y+lzm5 LAii)
and Sx4 y+z=T i)
which can be written in matrix form as AX = B,

|’| 3 4 [x' [s'l
whereA=]2 1 ZlX=|lylandB=I|5

[s 11 | =] |7

-1 1 2}
11 11 1
* 8 =19 6 ||°
== =| — 1— H 5
11 1
= -3 14 =5|L7
11 11 11
[ 5 14‘| {11‘|
- — —
11 11 1 11
54 95 42 1
— . =
ii i1 i1 ii
4.7 3|1
1 11 1| |n

sxml y=landz =1
SHORT ANSWER Type I Questions
10 Examine the consistency of the system of
equations 3x— y=22=2 2y-r==land
3x=5y=3 [NCERT]

11 Solve the system of linear equations using
matrix method.
(i) 2x=y==2and 3x +4y=13

(li)3x +2y=d4and Tx + 3y=3
SHORT ANSWER Type 11 Questions
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Sx+2y=4Tx+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

3 The simultaneous equations
bx+2y=z=] (k=l)y=2r=l(k+2)z=3
have only one solution when
(a) k=-2 (b) k=-1
(€) k=0 (d) k=1

4 Given,2x=y+2722 x=2y+zm=4

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
5 For what value of k, the following system of
linear equations will have infinite solutions?
X=y+zm3
& ymz=2
-3x-2ky+6z=3
(b) k=0 (c) k=3

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

VERY SHORT ANSWER Type Questions

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

6 2x-y=5andx+y=4
7 x+3y=5and2?x+6y=8
8 x+y+z=1,2x+3y+2z=2 andbx+by+2bz=4

INCERT]

9 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

19 Determine the product of
-4 4 4171 =1 17
=7 1 2|1 =2 =2)andthenusetosolve
8 =3 =1ji2z 1 3
the system of equations x=y + z=4,
Y=2y=2r=9and?x+ y+ 3z=1.
20 An amount of ¥ 5000 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.

21 An automobile company uses three types of
steels 55, 55 and Sy for producing three types of
cars Ty, Cy and Cy.

Sreel requirements (in tonnes) for each type of

Get More Learning Materials Here : i

INCERT]
[NCERT]

|All India 2017]

e @)

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

12 x-y+2z=7 3x+4y=-5z==5and2x - y+ 3z=12.
[Delhi 2012]
13 x+2y-3z==-4,2x+3y+2z=2and
Bx=3y=4z=11 JAll India 2011)

3
14 2xeyszml x-2y-z2 -Ea.nd 3y=-5z=0 INCERT]

LONG ANSWER Type Questions

15 Using matrix method, solve the following
system of equations

6 9 20
3+§+E.4, E_E+E.1and—+— —=2,
X y =z x y z r y z
where x, yand z=2 0. [NCERT; Delhi 2011]
[2 -3 5]
16 lf,d.-l3 2 -dJ,Lhenﬂnd the value of A™.
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
17 1fA=|=2 =1 =2 |then find A™. Using A™,
0o =1 1
solve the system of linear equations x =2y =10,
2x=y=z=8and =-2y+z=T [NCERT Exemplar]
2 3 10 '[
18 IHA=l4 =6 5 |find 4™ Using 4™, solve the
6 9 -20]
systemn of equations E-|- 5 +E E,i-E+ 2 =5
Xy z x y z
nd - E- E ==
Xy z [Delhi 2017)
5. (c) The given system will have infinite solution, if
1 =1 1
2 1 =i|=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]

pe N

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

i1 1
2 3 2
b b 2

=4b=2b=b=ba0

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

)
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cars are given below

Steel/Car g, G G
5, z 3 4
5, 1 1 2
5, 3 2 1

Find the number of cars of each type which can
be produced using 29, 12 and 16 tonnes of steel
of three types, respectivelv.

HINTS & SDLUTIDNS'

(b) 1f | A| = 0 and {adj A) B = O, then system of equations
has no solution.
(a) From the option, we can see only option (a) satisfy
both the equations.
(b) Hint Given system of equations has unique solution,
k 2 -1
ifj0 k=1 =2 |20
] ] k+2
= k#=201
o k= =1ig the required value.

(b} The given system of equations will have no solution,
if|A] =0

2 =1 2
== 1 =2 1 |=0
i 1 A
= = Zh =1) k(A =1)+ 2(1 + 2) =0
=% -3 +3=0
= A=1

Hence, the system has no solution for A =1.

3 =2

F— == (=34+0)=3

.r!.“ -‘-_”3-1-2,

3 =1
As;-t-u“i’"ﬁ L =640 =6

Ay Ay ALl [=5 =3 =8|
adi{A)=| A, A, A,|=|10 & 12
A

Ay i Ay 5 I e

=5 10 5
=(=3 & 3
=5 12 A

[-5 10 5” 2'| [-m-mnﬁ]
Mow, adj(A)-B=l =3 & 3ll=1 |=| —g=g+0

-5 12 6]| 3| [-12=12413]

i

10.

e @)

Since, A is non-singular. 50, A™ exists.

Hence, the given system of equations is consistent.
1 1 1

Hint For unique solution, |2 1 =1(=0[Ans. k=]
i 2 k

Given system of equations can be written as
Iy my=tr=m 20 x+iy=z==land Ix=5y+0-723
and its matrix form is AX = B, where

[3 -1 =21 [x] 2]

A=|0 2 =1|X=|y|and B=|=1
3 =5 0 z 3
I =1 =2
Here, |A|=|0 2 =i|=%0=5)+1(0+3)=H0=-6)
I =5 0
==i5titi2=0
o A7 does not exist.
Consider, the cofactors of elements of |4), ie.
2

A -_1LrL
w0

-]
ul-[ﬂ-—E}-—E
Ay =(=1)*? '”--:mz}--z

Ay =(=1)'"?

[ =] [P =]

‘:’-{D-&j--ﬁ
-1 -2
5 0
3 -2
30
3 -
3 -5

A, =(=1)"" == (=10} =10

Ay m(=1)*"? ‘-mw}-ﬁ

Ay, m(=1)F "3 |--{-|5+3:|-12

=1
2

Ay = (=1 :ﬂ-rm;-ﬁ

Since, | A|# 0, so unique solution exists.
Mow, cofactors of elements of | A | are

Ay, =(=1) ",'; _23|-1¢12n-45:-?5
A, =(=1) : -zg = == = 30} = 110
Ay =(=1)* : '; =1{36 + 36) =72
Ay =(=1) g _;g = = | =i = 90} =150
Ay =(-1)* i _;g = 1({=40 = 60) = = 100
Ay =(=1] i 3--1{13-13;-&
Ay, =(=1)* _2 'E =1(15 + 60) = 75
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= adj{A)-B=0O
Hence, the given system of linear equations is
inconsistent.

12
ll. Similar as Example 3. lAM {I}I!—and ¥ - -_

(ii} x = ZaJ:u:I y--ﬂ-
Solutions (). Nos. 12-14) Similar as Example 4.

1. Ans.x=2 y=landz=1
13. Ans.x=3 y==Zfandz=1
-3

4. Ans. x=1 y!—a.tu:lz-—
2 2

15. 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_etl-u,l--vandl--w, then system of equations
x ¥ z
can be written as
Zu o+ I+ 10w = 4]
4 =60 + 5w =l ¢ LAy
and il + G = i = Z|

Above system of Eq. (i) can be written in matrix form as
AX = B where

o T (1] [4 u
A=|4 =5 5lB=|1|and X =] v
[ QO =2 2 w

Its solution is given by
X=A"H __ i)
Here, | A |= 2(120 = 45) = 3 (=80 = 30) + 10 (36 + 36)
= 2(75) = 3({=110) + 10(72)
=150 + 330 + T20=1200
= | A|=1200

16. Hint (i) Find A™
{ii} Write the given system of equation in matrix form as

AX = B
o1 =2]

[Ans. A7 =] =2 9 =23 x=l p=2and r =3
=1 5 =13

17. 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

Get More Learning Materials Here : i m

Ay =(-1)* _: "; =1(15 + &0) = 75
Ay =(=1F i "; = = 1(10 = 40) = 30
Ay =(=1) f _:l-u{-nz-u]--za;
T
) |-"‘1'I|. "q'li Ai!-l
cadj{A)=] A, A, Ag
Ay Az Am

[ 75 110 ?2'|T [ 75 150 ?5]
=150 =104 0l =l110 =100 30
75 0 =24 j |_?:-: [} -21]

. 75 150 75
and @ w20 Jie0 30
4] 1200f 59 0 —24
Om putting the values X, A" and B in Eq. (ii), we get

T

hnn+15n+1541'l
-— 440 = 100 + &0
1200 | 288 40— 48

7] 1 &00
=& v = —— | 400
wi 1200} 545

On comparing corresponding elements, we get
00 ELL1 240

1200 1200 1200

1 1 1
= — ve—andwe=—
2 5

1 1 1
But —my, ==y and == w

1 11 1 1 1
= — amn

x 2_'|.r 3 z 5

r=} y=3 and z=5

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

1
-ﬂEﬂ-Eﬂ-l = &]
00 8 0 0

= BA =&l =:B{M"]-EIA'[
[post-multiplying both sides by A™]
= Bmgq™ [ AA™ = 1]
=+ 4 4]

~at=llag 1 3
3l 5 o3 =y

Given system of equations can be written in matrix
form as

A== X=4"C,

et 3 el

[-4+1 +8 4=8+4 —4-a+|2]
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and substitute in Eq. (i), to get the required values of
x, yand z.

[ I-a -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

iry|ana =] 5 |
AX =B where X =|1/y land B=] 5
1/z

(iii) Required solution is givenby X = A™'B.

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

1200f 22 g =34
- 4 4 1 =1 1
19. Let B=|=7 1 3|andA=|1 =2 =2
5 -3 —i 2 1 3

W
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.

. Detamhmotuamocomzmxxa[:: ::]bea
square matrix of order 2. Then, det (A)or| A|=a,, a2, -a,,a,,-

* Determinant of Matrix of Order 3 Let A =(g;L..; be a square
matrix of order 3, then

| Al = 13 (82285 = 332853) = 32321 333 =351 323)
+ 8y3(axd ~ 3313 [expanding along Ry
* Area of a Triangle The area of a tnangle whose vertices are
X 1
(xtv)ﬁ)-("z-Yz)and(xa-YalBQWWA=% "; :; 1
X3 y; 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,le& Ilisdenoledbyw.

« Cofactor llM,islherrhorofanelenmlarthemhecotadorof
a, is denoted by C, or A and is defined mC,aA,=(-1)‘"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.
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R

On comparing corresponding elements, we get
=i y==2andzr==-1

200, HiJlIThes].rstemnfequaliuns is x + y + = 5000
S Y B asgand®E LTV g B
II:H:I lﬂﬂ IDD 100 100 100
Then, similar as Example 4.
[Ans. T1000, T2200 and T1800]

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) = faci (B))fadj(A)] (V) |adjfadiA)]| =| Af"=""
() |adj Al =] A== (V) adj (adj 4) =] A=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,.,lhmmchkalsealedmhmseofmh

A Itis denoted by A™ and is given by A™ =i7l[adj(A)]

Properties of Inverse of a Matrix Let A and B be two square
invertible matrices of same order, then

() (A=A (i) (ABY" = B7'A7
iy ATy =(&7"f ™) | A7 =] A
(v) AA™ =A"'A=] (W) (kA" = % 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+c,z=d,
3 8 B} rofijeencil
Let A=la, b, ¢c;| X=|ylandB=|d; | Then, tha matrix
3 by ¢ z d;
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
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* 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,

(i) adj(A")=[adj(A)f (i) adj(kA) = k"'(ad] 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 [NCERT Exemplar]
(a) 4 (b) 5
(c)-4 (d) 9
3 2
FIflr x x[+3=0 thenthe value of x is
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 =—sindg 1
then [NCERT]
(a)det A=0 (b) det 4 (2, e)
(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]
(a)O (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

e @)

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

(ii) 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|=]A|-|BE| (b) |AE|=|Al-|E|
[A] |E|
c) |[AB|=—,| B| =0 d) |AB|=—,| A |20
() | |IBII| (d) | llfllll
8 The adjoint of the matrix A= ; i]is
4 2 (=4 7
(@) [3 l] ® |75 _l]
4 =7 [ 1 =2
(© [_3 J @ |[_3 4]
VERY SHORT ANSWER Type Questions
9 lf‘E; I-Ig Ilthenﬁndthevalueaf.r.
|All India 2014]
10 | ¥+l x-1)_ 4 -l,ﬂienwrile the value of x.
x=3 x+2{ (1 3
[Delhi 2013
X+ 3

1l Ifxe N and
-3X

iﬂ = § 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
itga - Axy. [All India 2013)
[6=x 4]

16 For what value of x, rt'latri}t'_3 —x 1] is a

singular matrix? [Delhi 201 1C]
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SHORT ANSWER Tvype | Questions

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

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

ﬂ+ x}]?
18 If fx) =|(1+ x)™
{1+ x)¥

1+x)® (1+x)2
1+ x)™  [1+x)*
1+x% (1+x)"7

= 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 A7

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

SHORT ANSWER Tvpe 11 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 IfA= [i :g , then find the value of & so that

A' = 34 =21 Hence, find 4™

M 1 1]
26 For the matrix A = ll 2 —BJ,shaw that
2 - 3

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

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 [ f

28 If fir) =

, then find lim &:]
L

[NCERT Exemplar]
29 Find the value of @ satisfying
1 1 sin 36

-4 3 cos2d
T =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

[NCERT 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

[ 2 21 [1 3 2-|
33 Suppose A=|=2 1 2landB=|1 1 1|,

1 -2 2] 2 -3 1
verify that (AR =B 47\ [NCERT]
[1 =2 1]
34 Let A=|=2 3 1|, verify that
1 1 5
[adj AT = adj(A™). [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 47 and hence solve
1 0 1

the following system of equations
3x-4y+2z=—L2x+3y+5zeTand x+z=2
[Delhi 200 1C)
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2 31
37 lf,d_-[l 2 2 | find A™ and hence solve the
-3 1 =1
system of equations 2y + y=3z =13,
3x+2y+z=dandx+2y=-z=8

rt 1 1]
38 lf,d.-{l 0 zJ,ﬁmi 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 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
6 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
Jollowing questions.
(i) The equations in terms xand y are
(a)5x -4y =40,5x -8y =-80
(b)5x -4y =40,5x + 8y =80

Get More Learning Materials Here: & m

(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?

@fs ¢]l3]-[5
ofs Z8](3)-s
@[5 Z8]03]-{-50)
@3 5]i5]-50]

(iii} The number of children who were given some
money by Seema, is

{a) 30 (b} 40
{ch23 (d) 32
(iv) How much amount is given to each child by
Seema?
{a) T 32 (b) T 30
{c) T 62 (d) 26

{¥) 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 SOm, 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 x and 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
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(ii) Which of
represent the information given above?

(a) 1 -1[=]_[ 50
|2 1 || y] |550]
[1 1)[x] [ 50
(b) |2 1 _}-_=_55n]
[1:}-1 l-_.l'__-E-ﬁ_
_2 =111 ¥ - _55(!_
(1 1[=] [-507
(@2 1| y|=|-550]
L ic) L (c)
5. (a) 6. (b
9 x==2 1 x=2
I'i.]: 14. 235 sq units
18. A=0 200, 144
1 b Cam_[=1 1]
23. k=05 25 A=1:4 _|:_2 3”]
29, nnnrmt+[—]}"% 3o
3 4 e
35 x=5y=fandz =3 36, A = 3 1 =11
s - 17

1 -4 4 4

A" =-a0]=5 1 dlx=lLy=Zandz=-3
G T =11 1

39 x=36 y=llandz=-9 40,

HL. (i) — fa), (i) — (), (i) — (d), (iv) — [b), (v) —(b)
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the following matrix equation

11
15.

21

}x:iy:

8.

(iii} The value of x (length of rectangular field) is

{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
. ) 4. ()
. fa) B ()
X=2 I.:I.. k==1
110 16, x=2
A 12, Symmetric
i =3 4 5
Att==] 9 =1 = 28. o
Iy 5 3
7 -5 -3 1+ be
Al'=la 1 0 3., -
=1 0 1 =c 4
2 andz ==1
-2 0 2]
A"=]s5 -z —1I;x=3..y=|andz=z
1

2 =1

Price of onion per kg is ¥ 5, wheat per kg is T 8 and rice per kg isT 8.

42 (i) — (b, (ii) — (a), (iii) — (e}, (iv) — (a), (v} — (b}

e @)
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