CHAPTER

Determinants

°
& NCERT rocus SOLUTIONS
QY EXERCISE_ 41 W) i 01 (1) 23 O‘o -3‘ ‘-1 -3‘ ‘—1 0‘
2 4 iii) |- 3| = -10 -
1. ‘_5 _1‘=2x(—1)—(—5)x(4)=_2+20=18 2 3 0 3.0 2.0 23
2. (i) |cos® —sin® =0-1(0-6)+2(-3)=6-6=0
sin® cosO . ) ‘ 2 -1 =2 s 1 0 -1 0 2
= cos 0 x cos 0 - (sin 0) X (- sin 0) = cos’0 +sin0=1 (V) 0 2 —1=2_5 O+13 0 —23 5
2 _ _ 3 5 0
@) [F L Tl R ey -+ 1) (k- 1)
x+1 x+1 =2(0-5)+1(0+3)-20-6)=-10+3+12=5
= +1-(P-1) =0 +1-2"+1 =27 -x*+2 1 1 =2 1 1 -2
1 2 2 4 _ _ y _
. A=[ }:>2A=[ ] 6. A=[2 1 -3| = |Al=2 1 -3
4 2 8 4 5 4 -9 5 4 -9
2 4
L.H.S.=|2A|=‘ ‘=8—32=—24 f P BT
8 4 4 975 9|75 4
1 2
R.H.S.=4|A|=4‘4 2‘:4(2—8):—24 =1(-9+12)-1(-18 +15)-2(8-5)=3+3-6=0
. 2 4 2x 4
Hence, [2A]| =4 |A| 7. (1) s 176 &
tot i 4 . 2-20=2x"-24 18 =2x*-24
5. A=|0 1 2|=>34A=3[0 1 2|=|0 3 6| T TS T TS
00 4 00 4] [0 0 12] = 2%=6 = =3 = x=%3
30 3 2 3 |x 3
Lus<paco 3 el=aP ®lol fliaf I @ |y 57k s
R "o 120 o 120 Tjo o
0 0 12 = 10-12=5x-6x = 2=-x = x=2
= X -0+ =
(3 x 36) - 0 +3(0) = 108 ol 2 16 2
szAzcl)Oi ' "8 A |18 6
RHS.=27|A|=27|0 1
Al = x*-36=36-36 = x*=36 => x=%6
00 4
LA 2 PV cxcrcise - 4.3 N
= o 4% 4ty o|=270@-0+01=108
1 0 1
Hence, |3A| =27 |A| 1. (i) Area of triangle =% 6 0 1
1 4 3 1
5 () 3 o1 i 3‘0 RPElK _1‘ 2‘0 O‘ 0 1 6 0
. 1 —_ = + — 1
-5 0| B o0 3 -5 =21 _0+1
3 5 0 2“3 1‘ O+43H
=3(0-5)+1(0+3)-(2x0)=-15+3=-12
( )+ )= ) =1[1(0—3)+1(18—0)]=E=7.5sq.um'ts.
3 4 5 2 2
G b1 o=l Pealt Zlas|t ! 2 7 1
e e I U A I , 1
2 3 1 (i) Areaof tr1angle=5 1 1 1
=3(1+6)+4(1+4)+53-2)=21+20+5=46 10 8 1
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1.1 1 1 1 1 1 Hence, y = 2x is the required line.
25[2‘8 1‘_7‘10 1 +1 10 8” (if) Equation of the line passing through (x;, y;) and
1 (x2 y) is
25[2(1—8)—7(1—10)+1(8—10)] x y 1 x oy 1
x oy, 1=0 =3 1 1=0
=%[—14+63—2]=4?7=23.5sq.units X Yy, 1 9 3 1
= x1-3)-y(B3-9+19-9)=0
1_2 =31 = -2x+6y=0 = x-3y=0
(iii) Areaof triangle =—~13 2 1 Hence, x - 3y = 0 is the required line.
-1 -8 1 1 6 1
. = — =+
1 2 1 3 1 3 92 5. (D): Areaof A= 2 4 1=x35
=—|-2 +3 +1 ko4 1
2 -8 1 -1 1 -1 -8 1

_30 = 5[2(4—4)+(5—k)+1(20—4k)]=_

:—[ -20+12-22] = ES =-15 X
—_— —_— —_— = +

Area = 15 square units. (As area > 0) = 2 [30 - giy’20 ~ 4485 3

a btc 1 —  L50-10k]=+35 = 255k =+35
2. Areaof AABC=|b c+a 1 2
C b 1 .. 25-5k=35 or 25-5k=-35

-5k=10 or 5k=60 =k=-2 or k=12
=a(c+a-a-b)-(b+b-0)+1ab+b -~ ac) > ot = k=2 or

=gc-ab-VP+E+ab+ b -2 -ac m
= 0 _4
Points A, B, C are collinear. 1. () LetA= 0 3
3. (i) Areaof A=4sq. units Minor of the element a;; is M.
f 1k 8 1 L k(0-2)-0 8-0 My =3, M =0, My =-4, My, =2
Again, A==|4 1|==[k(0=2)-0+1(8 - a
gam, area o 2 0 2 1 [k( )=0+1 ) For cofactors, we know that C;; = (-1) / M;;

1 Ci1=3, Cp=0, C)y=4,C),=2
=—[-2k+8]=-k+4
5 [-2k+8]

(i) Let A= ‘ ‘
Now,-k+4=+4 = -k+d=dor -k+4=—4 b d
= k=0or k=8 = k=0,8 Minors : My = d, Myy =b, My = ¢, My =a
(ii) Given, area of A = 4 sq. units For cofactors, we know that C; = (-1)"*/ M;;
_2 O 1 S Cll = d, Clz = —b, C21 =-C, C22 =a
Also,areaofA:% 0 4 1 1 0 0O
0 k 1 2. (i) LetA=0 1 0
=%[—2(4—k)—0+1(0)]=—4+k 001
1 0 0 0 0 1
NOW,—4:+k=i4 M11:0 1:1,M12:0 1:O’Ml3:0 0:0
= -4+k=4o0or -4+k=-4=k=0,8
. . . . 0 0 1 0 1 0
4. (i) Equation of the line passing through (xy, ;) M, = =0, My, = =1, My = =0
. 0 1 0 1 0 0
and (x,, y,) is
x y 1 x y 1 0 0 10 1 0
M;, = =0, M;, = =0, Mgz = =1
x oy 1=0= 1 2 1=0 710 270 0 3700 1
X Yo 1 3 6 1 For cofactors, we know that C;; = (—1)"+le-
= x2-6)-y(1-3)+1(6-6)=0 C1=1,C;,=0,C;3=0,Cy = Osz 1,Cys=0,Cy =0,
= A4x+2y=0= 2x-y=0 C3p=0,C;5=1
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=@-y) ix(x-y) -z(x-y)

1 0 4
(i) Let A=]3 5 -1 =@z-yE-yr-2)=@x-yy-2)(z-x)
01 2 5. (D):A=ay Ay +ay Ay + a3 Ay
> > PP EXERCISE - 4.5
My=|| ,|=10+1=1LM,=| =6,
3 5 1 2
= = 1. LtA= .
M=o 1‘ > © [3 4}
0 4 1 4 1 0 Let C; be cofactors of a; in A. Then, the cofactors of
My = ‘ 4, M, ‘ ‘ =2, My, ‘ =1 elements of A are given by
b2 02 . Ch=(-1)'""@)=4C,=(-1)""*(3)=-3
0 n=(E1)" (4)=4Cr=(-1)""0)=-3
Ms1 =15 —‘_ 2 M = ‘:_1_12:‘13 Cn= (1" @) =-2,Cp=(-1)""2(1) =1
10 _ 4 3] [4 -2
— - djg A= =
ol 33 SE PERIL P

For cofactors, we know that Ci]- = (—1)i * Mij 1 -1 2
Cy=11,Cp=-6,C3=3Cy=4,Cp=2Cp=-1, 2. LetA=2 3 5
C31 = —20, C32 = 13, C33 = 5 —2 0 1

5 3 8§ Let Cj; be cofactors of g;;in A.
3. A=2 0 1 113 5‘
Cp=(-1 =3-0=3,
1 ) 3 11 ( ) 0 1
3 8 2 5
Cn=(-1"""|, ,|=H9-16)=7, Co=(-1)"2 ) [|=-@+10)=-12,
5 8 2 3
Cpy = (-1)*+2 =15-8=7, —(-1)1*3 —0+6=
n=CD"7 4 Co=(-1)'"7|, |=0+6=6,
5 3
2+3 -1 2
Cu=(17""|, ,=-(10-3)==7 Cyy = (—1)2+1 0 = C1-0=1,
Now, A = a5,Cy; + a5Cpp + a3Cy3 1 2
_ > _ Cpy = (-1)*+? =1+4=5,
=2x7+0x7+1%x(-7)=14+0-7=7. 2 1
1 x yz 1
4. Let A=|1 y =zx Cps = (-1)**? 5 O‘=—(0—2)=2,
1 z «xy
1 2
1 Cyy = (-1)>*! =-5-6=-11,
Cis=(-1)'"° yzz_y/ n=C 3 5‘
1 z
1 2
1 x Csp = (-1)°*2 =—(5-4)=-1,
Cu=(1" |=-(z-0)=x-2, 2= 5‘ o=
1 z
1 —
1 x Cas =(-1)°*"? ‘=3+2=5
C33=(—1)3+3 =y-x o= 2 3
1y
Now, A = a13Cy3 + a53Cy3 + 133 Cs3 3 126 31 -1
A=zy(z-y)+2x (x=2) + 3y (y - ) adjA=l 15 2p=12 5
-1 -1 5 6 2 5

= yzz—yzz +z2x% - 2% +xy2—x2y L
=x%z - xzy + xy2 -xZ2 + y22 —yzz (2 3

=z - y) + X - ) + y2z - 1) o LetdA=l —6:|
= (z-y) [¥* - x(y +2) + yz] |A| =-12+12=0

=
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Llet Cj; be cf:c;—factor.s of ]l;i]» in A. Then, the co-factors of 11 0 0 10 0
Ze%fnffllzzeﬁ“:i:y_ 2 s ={0 11 o|=110 1 o0f|=11
11_(_)2 1(_)__’ 12_(_2)2(_)_’ 0 0 11 0 0 1
Cy=(-1)"""'3)=-3,Cpr=(-1)""7(2) =2
21()(), »=()""7 Q) 0 3 ol 1 2
-6 4 -6 -3 FA)-A=|= -
adp4={ } :[ } @adjA)-A=[-11 1 8|3 0 -2
3 2] |4 2 0 -1 3J{1 0 3
A,ade::[z 3}[—6 —3}:[0 0} 11 0 0 10 0
—4 6jl4 21100 {0 11 of=11l0 1 o0|=11I
-6 -3|[2 3 0 0
(ade)44=[4 2]{ ’ 6}2[0 0] 0 0 11 00 1
o 1 -1 2
Hence, A-(adj A) = (adj A)-A = |A|I detA=[3 0 -2/=1(0)+1(9+2)+2(0)=11
1 -1 2 1 0 3
4. Let A=|3 0 -2 Hence, A-(adj A) = (adj A)-A=111= |A| L
1 0 3 -
Let Cj be cofactors of a; in A. Then, the cofactors of 5. Let A=[ 4 3:|
elements of A are given by
— 2 -
(%1=04f+18 ;==Q Then, | A|=|, 3‘=6+8=14¢&
3 So, A is a non-singular matrix and therefore it is invertible.
Cyy :(_1)1+2 ‘:_(9+2):_11, Let C; be cofactor of a; in A. Then, the cofactors of
13 elements of A are given by
Co=(1*3 0‘ -0, Cu= (D" @) =3,Cp=(-1)'""* (@) =4,
Lo Cor= (171 () =2, Cp = (172 2) =2
Cor =121 2‘=—(—3—0)=3 3 4] [3 2
2 0 3 ’ adj A= =
2 2 -4 2
C =en“¢1 23021 1 13 2
z 1 3 ’ Hence, A'=—adj A=—
|A| 4|4 2
C=(-17*7 |, _1‘=—<0+1>=—1 4 s
’ 1.0 6. LetA:[ 5 2]
3+1 1 2
C31 = (_1) 0 5 = 2’ — 5
Then, |Al=|_, J=—2+15=13¢&
Cqp =(-1)**2 vz —(-2-6)=8 )
52— 3 -2 - So, A is a non-singular matrix and therefore it is invertible.
Let C; be cofactor of a; in A. Then, the cofactors of
1 = j i j
Cyy =(-1)**3 3 0 ‘: 0+3=3 elements of A are given by
Cu=(1)'""@2)=2Cp=(-1)'"?(-3)=3,
0 -11 o] [o 3 2 Cy = (-1)>* 1 (5) = -5, Cppy = (-1)> "2 (-1) = -1
adjA=(3 1 -1|=[-11 1 8 oAl s 3 ,_2 5
2 8 3 0o -1 3 cadAs o 1Tl 4
1 -1 2 0 3 2
. -1 1 . 1 2 _5
Now, A-(adjA)=(3 0 -2||-11 1 8 Hence, A~ =—adjA=—
|A| 133 -1

1 0 3|0 -1 3

11 3-1-2 2-8+6 1 2
=0 9+0+2 6+0-6 7. Let A=|0 2
0 3+0-3 2+0+9 00

Q1 = W
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Then, |A| =100
Now, for cofactor C; = (-1)' */ Mj;

2 4 0 4
_(_1\1+1 — —(_1\1+2 _
0 2 2 3
_(_1\1+3 — —(_1)2+1 —_
1 3 1 2
—(_1)2+2 — —(_1\2+3 _
C22_( 1) 0 5 5’ C23 ( 1) 0 0 0/
2 3 1 3
—(_1)3+1 — —(_1\3+2 __
C31_( 1) 2 4 2’ C32 1) 0 4 4’
1 2
Can = (-1 3+3 =9
0=
10 0 O 10 -10 2
adjA=|-10 5 0|=|0 5 -4
2 4 2 0 0 2
1 1 10 -10 2
Hence, A'=—adjA=—|0 5 -4
1A 10
0 0 2
(1 0 0
8. Let A=|3 3 O
5 2 41
1 0 0 0
Then, [A] =3 3 0=1‘2 1‘=-3-0=-3¢o
5 2 -1

So, A is non-singular matrix and therefore, it is invertible.
Let C; be cofactor of a; in A. Then, the cofactors of
elements of A are given by

CH:(—l)l”; _01=—3—o=—3,

Cam(2f} OJ=-a-0-3,

Cpy=(-1)'*? 2 z‘z 6-15=-9,

Cu=ify Sl-0 camerry Bt
Cu= (17", 2‘=—2, Ca=(17" 8‘=0,
C32:(—1)3+2 ; 8‘:0/ C33:(—1)3+3 ; 2‘23

3 3 9] [-3 0 0
-1 0
2 3

5
) 1-3 0 0
Al=—adjA=-=[3 -1 0
| Al 3
9 -2 3
2 1 3
9. LetA=[4 -1 0
-7 2 1
2 1 3
Then |A|=|4 -1 0| =2(-1-0)-1(4-0)+3(8-7)
-7 2 1

= 2-4+3=-3%0.

So, A is a non-singular matrix and therefore, it is invertible.

Let C; be cofactor of g; in A. Then the cofactors of

elements of A are given by

C11=(—1)1+l _21 2=—1, C12=(—1)1+2 _47 (1)‘=—4,
Cpy=(-1)'*? _47 _21‘=8—7=1,

Ca=( 0y J--1-6=5

Cyp =(-1)**2 _27 i"=2+21=23,

Cos = (-1)2*3 _27 ;‘z—(4+7):—11,

Car=(| L 3‘—3, Co=(1)"2)) 3‘=1z,
C33=(—1)3+3i _11‘_—6

1 4 1] [<1 5 3

adjA=|5 23 -11|=|-4 23 12
3 12 -6 1 -11 -6
-1 5 3
4 1 . 1
Hence, A~ =—adjA=—-=-|—+4 23 12
[A| 3
1 -11 -6
1 -1 2
10. LetA=(0 2 3
3 2 4

Then, |A| =18-6)+1(0+9)+2(0-6)
=24+9-12=-1=20
A is invertible.

Let C;; be the cofactor of g; in A, then the cofactors of
elements of A are given by

2
Cu= (—1)1+1

:—:2
—2486'




Cpp= (_1)1+2
Ci3= (—1)“3
Cor =17 |
Cyp = (—1)2+2
Cy = (—1)2+3
Ca = (—1)3+l
Cyp = (_1)3+2

Ca = (—1)3+3

2 9
Al=[0 -2
-1 3

A_l_ade
| Al

1
11. Let A=|0
0

1(-cos?

|A]=

- A exists.

Cj=(-1)"" M;

Coi=(-1 1+1
n=CD

0

Cp= (—1)1 2 0

0

Ciz= (—1)l e 0

0
Cy =(-1)**"

coso.  sino

sinot  —cosoy

=l1 -9 -2 3|=19 2
-6 -1 2 6 1

0 0

coso.  sino

sinot  —coso

o -sin®a) =-1#0.

o —Cosq

sino

—Cos QO

Ccos

sino

0

:—coszoc—sinZ(x:—l,
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0 0
Car = (-1 3+1 _
3 =(1) coso.  sina
1 0
Car =(-1 3+2 - qi ’
2= (1) 0 sino S
1 0
Cas =(-1)°*"? = coso.
= (1) 0 cosol cos
-1 0 o] [-1 o 0
Now,adjA=[ 0 —coso. —sina| =| 0 —coso —sina
0 =—sino. coso 0 -—sino coso
-1 0 0
71 1 . 1 .
A" =—adjA=—| 0 —coso. —sino
| Al -1 .
0 —-sino coso
1 0 0

=[0 coso sino

0 sinot —coso

3 7|6 8 67 87
12. Wehave, AB= =
2 5|7 9 47 61

Since |AB| =67 x 61 -47x87=-2%0
(AB)™ exists and is given by

adj (AB) = - 1 [ 61 —87]: 1 [—61 87 }

(AB)™" =

| AB| 2|47 67| 2|47 -67

Further |[A| =15-14=1#0and |B| =54-56=-2+0.
Therefore A™" and B both exists and are given by

5 -7 9 -8
AT =1 ,B—1=—1

2 3 21-7 6

19 8|5 -7
B'AT =—2

2[—7 6][—2 3}
_-1[ 61 -87] 1[-61 87
2|47 67| 2| 47 67

Hence, (AB)' =B A™.

13 A—31
R I )

LHS.=A2-5A+7I

LRI B

1 0

[8 51 [15 5] [7 0
“|-5 3] |5 10]"]0 7

Cp= (—1)2 2

Cyu= (—1)2 e

0
1

—COos QO

0
sinao,

=—coso,

=—sinao,

[8-15+7 5-5+01_[0 0]_
|-5+5+0 3-10+7| [0 Of
Hence proved.

Now, pre-multiplying by A~ both sides, we get
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(AA)A -5ATA+7AT I=AT O
IA-51+7A7=0
A-B[+7A7'=0 = 7A'=51-A

oai_s[l 0] [3 1
= 2o 17— 2
L oo [? 0 [3 1
10 5| |[-1 2
2 4 112 -1
7A71 = -1_ 1
= 7A [1 3}:"4 7[1 3}

3
14. We are given that A= [ 11

Ul

Now A2+ gA +bl=0

[9+2 642 3a 2a b 0
= + + =
13+1 2+1 a a b

(11 8 3a+b 2a B 0 0
4 3" @ a+b| 7|0 0

[11+3a+b 8+2a:| [0 0]
= =

4+a 3+a+b 0 0
= 4+a=0 = a=-4
Also,3+a+b=0= b=-3+4 = b=1
1 1 1
15. Wehave, A=(1 2 -3
2 -1 3
11 11 1 1
= A?=AA=|1 2 -3|[1 2 =3
2 -1 3|2 -1 3
1+2-1 1-3+3] [ 4
1+4+3 1-6-9
2-2-3
4 2 111 1 1
A*=A’A=|-3 8 -14||1 2 -3
7 -3 1412 -1 3
[ 4+2+2  4+4-1 4-6+3
=|-3+8-28 —3+16+14 —3-24-42|=
| 7-3+28 7-6-14 7+9+42
Now, L.H.S. = A% - 6A% + 5A + 111
[ 8 7 1 4 2 1
=[-23 27 -69|-6/-3 8 -14

o

1+1+2
=[1+2-6
2-1+6

3 2][3 2], 3 2] 1 0],
= ool 1T 1o 1]

2+3+9 7 3 14

(8 7 1
23 27 —69
32 13 58
0

0

1

8 7 1 24 -12 -6
=|-23 27 -69|+| 18 48 &4
32 -13 58 -42 18 -84

5 5 5| (11 0 O

+/5 10 -15|+]/0 11 O
10 -5 15 0 0 1

[ 8-24+5+11 7-12+5+0 1-6+5+0
=[-23+18+5+0 27-48+10+11 -69+84-15+0
_32—42+10+0 -13+18-5+0 58-84+15+11
[0 0 0
=0 0 0|=0
10 0 0

Hence, A - 6A%+5A + 111 = O

Now, A®-6A%+5A +111=0

= 11I=-A%+6A>-5A . (i)
Pre multiplying (i) by A™, we get

11A7 T =-ATA% + 6A71A% - 5A71A

= 11A7=-A%+6A - 5]

= At=-Lta2e8a 3
11 11 11
4 2 1 1 1 1 1 00
=—l—38—14+£12—3—3010
11 11
7 -3 14 2 1 3 0 0 1
1’—4+6—5 2+6+0 -1+6+0
4 3+6+0 -8+12-5 14-18+0
_—7+12+0 3-6+0 -14+18-5
1”—3 4 5
=—|9 -1 -4
11
|5 3 -1
2 -1 1
16. Wehave A=|-1 2 -1
1 -1 2
2 -1 1][2 -1 1]
A’=AA=[-1 2 1|1 2 =1
1 -1 2|1 -1 2|
4+1+1 -2-2-1 2+1+2] [6 -5 5
={2-2-1 1+4+1 -1-2-2(=|-5 6 -5
2+1+2 -1-2-2 1+1+4 | |5 -5 6
6 =5 5][2 -1 1
Ad=A%A=|-5 6 -5||-1 2 -1
5 5 6|1 -1 2
12+5+5 —-6-10-5 6+5+10 22 21 21
=|-10-6-5 5+12+5 -5-6-10|=|-21 22 -21
10+5+6 -5-10-6 5+5+12 21 -21 22
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Now, A - 6A% +9A - 41
2 21 21 6 -5 5
=[-21 22 -21|-6|-5 6 -5
21 21 22 5 -5 6
2 -1 1 1 0 0
+9[-1 2 -1|-4|0 1 0
1 -1 2 0 0 1
[22-36+18-4 -21+30-9-0 21-30+9-0
=[-21430-9-0 22-36+18-4 -21+30-9-0
[ 21-30+9-0 -21+30-9-0 22-36+18-4
[0 0 0
=0 0 0|=0
0 0 0

Hence A® - 6A%+9A -41=0

Now, A®-6A%2+9A-4I=0

= 41=A%-6A%+9A

Pre multiplying both sides by A™, we get
4A 1= ATTAY —6ATT A2+ 9A7IA

= 4AT=A2_6A+9]

= at=la2_8,.9;

4 47 4
6 -5 5 2 -1 1 1 0 0]
U 6 51-8la 2 al+|o 1 o
5 5 6| |1 4 2 0 0 1]
6-12+9 -5+6+0 5-6+0 3 1 -1
Y 54640 6-1249 —5+6+0|=1[1 3 1
52640 54640 6-1249| “|-1 1 3 |

17. (B) : For any n X n matrix A,

det (adj A) = |A|""!

(* It holds for singular and non-singular matrices.)
Since, A is a 3 x 3 non-singular matrix.
So, ladjA| = |A|>"=|A|?
18. (B):Given, A is an invertible matrix of order 2.
So, AA™ =1, = A'A, where I, is identity matrix of
order 2.

= det (AA™") =detI= det A-det(A™") =1
1
det (A)=——,detA#0
= det(A7) JotA etA#

1. The given system of equations can be written in the
form AX = B, where

ol ]
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Now, |A| =3-4=-10
Hence, the system of equations is consistent.

2. The given system of equations can be written in the
form AX = B, where

el

2 -1
Now, [A]=|, |=2+1=3%0

Hence, the system of equations is consistent.

3. The given system of equations can be written in the
form AX = B, where

el

1 3
Now,|A|=2 6=6—6=0

Hence, A is singular matrix as |A| = 0. So, we will find
(adj A)B.

) 6 -3
adjA= [ }
-2 1

Now (adi A\B < 6 -3 5_ 30-24 B 6 ¢0
adiAB=1 » 1 ||s|7|=10+8|7|2|*]0
Hence, the system of equations are inconsistent with no

solution.

4. The given system of equations can be written in the
form of AX = B, where

1 1 1 X 1
A=(2 3 2|, X=|y|,B=|2
a a 2a z 4

|A| =1(6a-2a)-1(4a-2a) +1(2a-3a)=4a-2a-a=a
Two conditions arise:

I:Ifa#0,then |A| #0, hence the system of equations is
consistent and has a unique solution.

II:1fa=0,then |A| =0.So, we need to calculate adj A.

3 2 2 2
= —1 1+1 =4 = —1 1+2 =—2
Ci=(-1) i 2a a, Cp =(-1) i 2a a,
2 3 1
C13=(—1)1+3 a a‘z—”/ C21=(_1)2+1 a 24" %
1 1 1 1
Cor =(-1 2+2 =a, Coa = (-1 2+3 =0/
2 =(-1) i 2a a, Cy3=(-1) i a
1 1 1 1
C31=(_1)3+1 3 2‘=—1, C32=(_1)3+2 2 2‘=O,
1 1
C33=(—1)3+3 2 3‘=1




Determinants

4a -a -1
adjA=|-2a a O
—a 0 1

4a —-a -1]|1

-a 0 1|4
20—-4 —4
=l 0 |=[0]#£0 [-a=0]
—a+4 4

Hence, the system of equations are inconsistent with
no solution because if a = 0, then the third system of
equations is not possible.

a # 0 and system of equations is consistent.

5. The given system of equations can be written in the
form of AX = B, where

3 -1 2 x 2

A=[0 2 -1|,X=|y|landB=|-1
3 5 0 z 3

|A] =3(0-5)+1(0+3)-2(0-6)=-15+3+12=0
Al =0

Hence, A is a singular matrix so, we will calculate
(adj A)B.

- 0 -1
Cllz(_]‘)l+l _5 0‘=_5’ C12=(_1)1+2 3 0‘=_3’
0 2
Cpz=(-1)'*? =-6,
Cyy = (-1)>*1 - =—-(~10)=10
z 5 0 ’
3 =2
Cyy = (-1)**? =6
3 -1
Coy =(-1)2"3 =—(=15+3)=12,
1 =(-1) 3 s ( )
-1 -2 3 -2
_(_1\3+1 — — —(_1)\3+2 —
Cy =(-1) s 4714425 Cy (-1) 0 _1‘ 3,
3 -1
_(_1\3%3 —
C33_( 1) 0 2 6
-5 10 5
adj A=|-3 6 3
-6 12 6
-5 10 5|[2
Now, (adj A)-B=[-3 6 3||-1
-6 12 6| 3

-10 -10+15 -5
=| 6-6+9 |=|-3|20
-12-12+18 —6
Hence, the system of equations is inconsistent with no
solution.

6. The given system of equations can be written in the
form of AX = B, where

5 -1 4 x 5

A=|2 3 5|, X=|y|andB=|2
5 2 6 z -1
5 -1 4

|Al=[2 3 5
5 2 6

= 5(18 + 10) + 1(12 - 25) + 4(- 4 - 15)
=140-13-76 =51 %0

Hence, the system of equations are consistent and have
a unique solution.

7.  The given system of equations can be written in the
form of AX = B, where

ol o]

5 2
Now, |A|= 7 3 =15-14=1=0

= A is non-singular matrix. So, its inverse exists.
Now, Ay = (-1)' "' (3) =3, A;, = (-1)' ? (7) = -7,
Ay = (-1 () =-2,4,=(-1)>"?(5)=5

M 71 [3 -2
ad) _{—2 5} _[—7 5]
andA-1=i(ade)=1[3 _2}{3 _2}

|A| 117 5| |7 5

Solution of given system is given by X = A™B

~[x]_[3 -2)[4]_[12-10]_[2
y| |-7 5]|5] [28+25] -3
Hence, x=2,y=-3

8. The given system of equations can be written in the
form of AX = B, where

ol o oer 3

2 -1

Now, |A|= _— =8+3=1120

Hence, A is non-singular. So, its inverse exists.
Here, Ayy = (1)1 (4) =4, Aj, = (-1)' 2 (3) = - 3,
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Ay = (1)1 (1) =1, Ay = (-1)*"2 (2) =2 Ay = (1?1 Q) =-2Ap=(-1)""2(5) =5
L 3] [4 1 a2 3] [2 -2
W 2 T8 2 M2 5] T8 s
1 114 1 a1 112 2
dAl=_1 (adi A)=— And A _—(ad]A)——|:
and A7=r dA) 11[—3 2] Al 4[-3 5
. . L. _ -1
Solution of given system is given by X = A™ B Solution of given system is given by X = A™B
-5 x| 1[2 23] 1/ 6-10] 1[-4] [1
x|_1p4 1y-2) 118431 115 (11 y] 4[-3 5][5] 4[-9+25] 4[16] |4
y| 11|-3 2| 3| 11| 6+6 | 11|12] |12
ﬁ ox=-1ly=4.
5 19 11. The given system of equations can be written as
X=——,y=— AX=B,where
11 11 ) 1
9. The given system of equations can be written as 2 11 X 3
AX = B, where A=|1 -2 -1|,X=|y|andB= 5
4 3 x 3 0 3 S 1z 9
A= 3 5| X= and B= - N . 4
’ Now,|A|=[1 -2 -1 2‘_2 _1‘ 1‘1 il _2‘
4 —_ OW, = - —1(= _ f— . +
Now,|A|=3 _5‘=—20+9=—11¢0 0 3 -5 3 > 0 5 o3
= A exists and hence the given equation has a unique =2(10+3) -1(-5) +1(3) =26+5+3=34=0.
solution. = A" exists and hence the given equations have a
Here, A = (4)1 +1 (-5)=-5,Ap,= (_1)1 +2 (B)=-3, unique solution.
A= (1271 (-3) =3, Ay = (-1 2 (4) = 4 Here, A, ~(-)!** [ ‘5‘ _10+3-13,
_ 5 3] [-5 3
e R B 12|l -1
B Ap=(-1)"" ==(-5-0)=5,
0 -5
1 1|5 3
and A7 =— (adjA)=— —
|A| (adj 4) —11{—3 4] A13=(—1)“31 2:3_0=3,
0 3
Solution of given system is given by X = A™ B _
x| 1 -5 3]]3 Ay = —1)2+1 3 _5 =-(-5-3)=8,
y|” 113 4]|7
2 1
-6 Ay = (-1)*? ‘ =-10-0=-10,
1 [-15+21] 1 [6] |1 0 -5
T o1 -9+28 | —11(19] |19 PP - I
Hence,xz_—6, y=ﬁ 1
11 11 Agy =(-1)**? =-1+2=1,
2 =
10. The given system of equations can be written as
Ax=o Ap=(1P2[ Hes(a-1-=3
2 [P w= (D72 [=-(2-1)=3,
where A= |, —yan =5
3+3 1
Now, |A|= 3 2‘ =10-6=4=0
= A7 exists and hence the given equation has a unique ] 1353 38 1
solution. o adjA=|8 -10 -6| =[5 -10

Here, Ayy = (-1)! "1 (2) =2, A, = (-1)' "2 (3) = - 3, s =S 4=



Determinants

. ) 13 8 1

And A'=—adjA=—|5 -10 3
|A] 34

3 -6 -5

Solution of given system is given by X = A™B.

[ ) 13 8 1 1
= |y|==—|5 -10 3]|3/2
34
E 3 -6 -5|| 9
’ [13+12+9 . 34 1
=—|5-15+27 |=—| 17 |=|1/2
34 4
| 3-9-45 -51 -3
2

Hence, le,y:%andz:?.

12. The given system of equations can be written in the
form of AX = B, where

1 -1 1 x 4
A=|2 1 -3|,X=|y|andB=|0
1 1 1 z 2

-1t 1 -3 2 -3 |2 1

Now,|A|:i 1 -13:1‘1 Jt 1‘

=1(1+3)+1Q2+3)+12-1)=4+5+1=10%0

Hence A is non-singular matrix and so its inverse exists.

1 —
Now, All:(—l)1+1 1 1‘:1+3:4,
1+2 2 -
Ap =(-1) 1 1 =—(2+3)=-5,
2 1
A13=(_1)1+3 1 1‘=2_1=11
-1 1
1‘\21:(_1)2Jrl 1 1‘:_(_1_1):2/
1 1
Ap=(-1)2"2 1 1‘=1—1=O,
1 -1
Ay =(-1)*"? 1‘=_(1+1)=—2/
-1 1
Agy =(-1)>"! 1 _3‘=3—1=2,
1 1
Ap= (1072, _3‘=—(—3—z>=5,
3+3 1 -

11

adjA=[2 0 -2
2 5 3 1 2 3

1 1 4 2 2
and A =—(adjA)=—|-5 0 5
|A] 10
|1 2 3
Solution of the system of equations is given by X = A™B
[x] ) (4 2 2][4 L | 16+0+4
= |yl==—=|-5 0 5||0|=—=|-20+0+10
10 10
| Z | |1 2 3|2 4-0+6
[x] ; [20] [2
= y:E -10|=[-1|=>x=2,y=-1landz=1.
| z | | 10 1

13. The given system of equations can be written in the
form of AX = B, where

2 3 3 X 5
A=|1 2 1| X=|y|andB=|—4
3 -1 =2 z 3

2 3 3

Now, |[A|=1 -2 1

3 -1 =2

=24+1)-3(-2-3)+3(-1+6)=10+15+15=40=0
= A" exists and hence the given equations have a
unique solution.

-2 1
=4+1=5,

Now, Ay =(-1)'*"| ; _2‘

1 1
A12 =(_1)1+2 3 _2‘2—(—2—3)25,
1 =2
A13=(—1)1+33 _1‘=—1+6=5,
3 3
Ay = (-1)*+1 » _2‘=—(—6+3)=3,
2 3
Azzz(—1)2*23 _2‘=—4—9:—13,
2+32
Ap=(1P7 | l=-(2-9)=11,
3 3
Ay =(-1)°*1 > 1‘=3+6=9,
3+2 3
Ap=(-1) 1 1:—(2—3):1/
3+3 3
Ap=(1)7 | |=-4-3=7
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5 3 9
a1 . 1
A7 =——(adjA)=—|5 -13 1
|A] 40
5 11 -7

Solution of given system is given by X = A™'B

E: . 5 3 9][>s
= y|l=—|5 -13 1 ||-4
40
E 5 11 -7|| 3
; [25-12+27 . 40
=—| 25+52+3 |=—| 80 |=| 2
40 40
| 25-44-21 -40| -1

= x=1,y=2andz=-1

14. The given system of equations can be written in the

form of AX = B, where

1 -1 2 X 7
A=|3 4 5|, X=|y|landB=|-5
2 -1 3 z 12

1 -1 2

Now, |A|=13 4 -5

2 -1 3

=1(12-5)+1(9+10) +2(-3-8) =7+19-22=4=0

= A7 exists and hence the given equations have a

unique solution.

4
Now, A, =(-1)'*!

=12-5=7
-1 3‘ =7,
1+2 3 -
Ap=(-D'"? L l=-(0+10)=-19,
3 4
A13=(—1)1+32 [=-3-8=-11,
-1 2
Ay = (17" 1 3 =-(3+2)=1,
1 2
Ay =(-1)*"? ’ 3‘23—4=—1,
1 -1
Ap =17 _1‘_-(-1+2)=—1,
-1 2
Ay = (1) 4 _5‘=5—8=—3,
3+2 1
Az =(-1) N (-5-6)=11,
3+3 T -
7 1 -3
4 1 . 1
| -1 -1 7
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Solution of given system is given by X = A™'B

I A
= |yl==]|-19 -1 11||-5
z 11 -1 7|12

[ 49-5-36 81 [2
=1 -133+5+132 =1 4 [=[1
4_ -77+5+84 4 12 3
= x=2,y=landz=3.

(2 3 5
15. A=[3 2 -4
1 1 -2
= |A| =2(-4 +4)+3(-6 +4) + 53 - 2)
=0-6+5=-1%0
AT exists.
2 4
Here, Ay =(-1)'*" =-4+4=0,
1 -2
3 -4
Ay, =(=1)12 =—(-6+4)=2,
12 =(-1) 1 _2‘ (-6+4)
3 2
Ap=(-1)'"? 1 1‘:3—221,
3 5
Ay =(=1)>H1 =—(6-5)=-1,
2 =(-1) 1 _2‘ (6-5)
2 5
A =_12+2 __4_ —
2 ) 1 _2‘ 9,
2 _
A, =(=1)*+3 =—(2+3)=-5
-3
Ay =(-1)>*1 ) ‘:12-10:2,
2 5
A, =(-1)3+2 =—(-8-15)=23,
3 =(-1) 3 _4‘ ( )
2 -3
Ay =(=1)*"3 =4+9=1
33 =(-1) 3 2‘ +9=13
0 -1 2 0
41 , 1
“Al=—(adjA)=—|2 -9 23|=|-2
[A] -1

1 -5 13 -1

1 2
9 -23
5 -13

The given system of equations can be written in the form

of AX = B, where

2 3 5 x| 11
A=|3 2 4| X=|y|andB=|-5
1 1 2 z -3

Solution of the system of equations is given by X = A™'B

x] [o 1 =211 0-5+6
= lyl=|—2 9 -23||-5|=|22-45+69
z] |11 5 -13)[-3] |-11-25+39

Hence, x=1,y=2and z=3.

1
=2
3



Determinants

16. Let cost of 1 kg onion =X x

Cost of 1 kg wheat = y and cost of 1 kg rice =3 z
4x + 3y + 2z =60, 2x + 4y + 6z =90 and
6x+2y+3z=70

This system can be written as AX = B, where

4 3 2 X 60
A=2 4 6|, X=|y|landB=|90
6 2 3 z 70
4 3 2
Now, |A|=2 4 6
6 2 3
=4(12-12)-3(6-36) +2(4-24)=90-40=50=0
A7 exists.
Now, we will find adj A
4 6 2 6
A11=(—1)l+l2 3=0/ Ap = (1)1 6 3‘=30,
2 4 3 2
_(_ 1+3 —_ —(_ 2+1 —_
4 2 4 3
AZZ = (_1)2+2 6 3 = 0’ A23 = (_1)2+3 6 2‘ = 10’
3 2 4 2
Ay =1, 6‘:10, Ap=(-1"%|, 6‘:—20,
4 3
Aas = (=1 3+3 =1
5= 4‘ 0
0 -5 10
adjA={30 0 =20
-20 10 10
1 1 0 -5 10
1=m(adj )=% 30 0 -20
20 10 10
As,AX=B = X=A"B
x10—5106010—5106
y :% 30 0 -20(|90[(==(30 0 -=20{|9
z -20 10 10 ||70 -20 10 10 (|7
1 0-45+70 1 25 5
=—| 180+0-140 [==|40(=|8

-120+90+70 40| |8
x=5y=82z=8
Hence, cost of 1 kg of onion = ¥ 5, cost of 1 kg of
wheat =% 8 and cost of 1 kg of rice =% 8

NCERT MISCELLANEOUS EXERCISE

X sin® cosH
1. Let A=|-sin® —x 1
cos6 1 X

13
Expanding along R;, we get
-X —sin® 1 —sin® —x
=x —sin cos0
1 cos6 cos6 1

= x(- % - 1) - sinB(-x sind - cos) + cosO (-sind + x cosh)
= - x> = x + x 5in®0 + sind cosO - sind cosd + x cos*0
= -7 - x +x (sin?0 + cos?0) = - x> - x + x(1) = - x°

which is independent of 6.

cosa cosf cosasinff —sino
2. —sinf cosf 0
sina cosf  sinasinff  coso
cosf 0
=cos o.cosP| . .
sino sinf  coso
) —sinf} 0
—cosoa sinf| |
sinocosf  coso
. —sinf cosP
—sino

sina cosf  sinasinf

= cosa. cosP (cospP cosa) - cosa sinf (-sinf} cosa)

- sina. (-sina sin’p - sina. cos®B)

= cos’o. COSZB + cos’a. sin2[3 + sin’a. sinz[i + sin’a. COSZB

= cos’a. (COSZB + sinZB) + sino. (sinZB + COSzﬁ)

2 2

=cos“a + sin“a = 1.
3 -1 1
3. GivenAl=|-15 6 -5|,
5 -2 2
1 2 =2
B=|-1 3 0
0o 2 1
|[B| =1(3)-2(-1)-2(2)=3+2-4=1%0
B! exists.

Since (AB)' =BA™

So, we need to calculate B!

By =(-1)' " _32 (1) =3,
By =(-1)'*? 01 2‘ =1,
Biy=(-1)'*? _01 _32‘ =2,
R i )
By =(-1)**? 3 _12‘ =1,
By = (-1)**? (1) _22‘ =2,
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2 2
B __13+1 =6,
=D, O‘
1 2
By, = (-1)° "2 =2,
=D 0‘
1 2
B =_13+3 =5
=D 3‘
3 2 6
adjB=|1 1 2
2 25
1 1 3 26
B’1=?aij=I 11 2
Bl 2 25

Now, (AB)™' = B*A™!

(3 2 6][ 3 -1 1
=[1 1 2||-15 6 -5
2 2 5|5 2 2
[9-30+30 —3+12-12 3-10+12
=[3-15+10 -1+6-4 1-5+4
|6-30+25 —2+12-10 2-10+10

(9 3 5
=2 1 0
1 0 2
1 21
4. Now, A=|-2 3 1
1 15

|A] =1(15-1) +2(-10-1) +1(-2 - 3)
=14-22-5=-13%0
A7 exists.
14 11 -5 14 11 -5
adjA=|11 4 3| =|11 4 -3
-5 -3 -1 -5 -3 -1

14 11 -5
A*1=iade=i 1 4 -3
|A| -13

5 3 -1

[-14 -11 5

Y TR

13_5 3 1

14 11 -5

(i) Now, |adjA|=]11 4 -3
-5 -3 -1

= 14(-4 - 9) - 11(-11 - 15) - 5(-33 + 20)
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=-182+286+65=169+0
adj A is invertible

1
and (adjA)! = adj(adjA
(adjA) IadeI{ j(adjA)}
; -13 26 -13 ; -1 2 -
=—2 -39 -13|=—|2 -3 -1 (1)
169 13
-13 -13 —-65 -1 -1 -5
. -14 -11 5
Also, adj(A™) = adj |1 43
5 3 1
(14 11 5] [ 13 26 13 ]
13 13 13 169 169 169
_agil L _A 3|2 _3¥ _13
AT T3 137 169 169 169
S5 8 1| 18 13 6
|13 13 13] | 169 169 169 |
-1 2 -
Lo 3 4
13 - - (2
1 -1 -5

From (1) and (2), we find that adj(A™") = (adj A)™
14 -11 5

\ 1|1

(i) A |=E_11 -4 3
5 3 1

1
WGEE {<14(—4 - 9) +11(~11 - 15) + 5(-33 + 20)}

1 1
=——x(-169)=——#0
13y C19="33

BN 1 L
. (AH)exists and (A 1y =m(ad]A D)

-1 2 -1 1 21

1 1
=T 2 -3 -1|=|-2 3 1|=A. (Using(2)
13 -1 1 5] [1 15

Hence, (A7) '=A

5. The equations can be written in the form of AX =B,
where

2 3 10 1/x 4
A=|4 -6 5 [ X=|1/y|andB=|1
6 9 -20 1/z 2

2 3 10

Now, |A|=]4 -6 5

6 9 -20

= 2(120 - 45) - 3(-80 - 30) + 10(36 + 36)
=150 + 330 + 720 = 1200 = 0

1 .
A™" exists.



Determinants

-6 1 11 11 1
Ay = (D)1 9 _20‘=120—45=75, Thus, Y2y 375
Hence,x=2,y=3,z=5

5
App =(-1)'*2 _20‘ =—(~80-30)=110,

N

x 0 0
a4 -6 6. (A): A=[0 y O
Az =(-1) 6 9 =72, 0 0 z
=xyz#0, A™ exists.
3 10 Al =xyz=0, A" exi
Ay = (-1 ‘=150, 0
9 -20 Now, A11=(—1)1+1g =
2 10
Ay = (-1)*+2 ‘——100, 00
6 —20 A =(-1)! 2 =0,
) 3 0 z
Ay =(-1+3 ‘ =0,
6 9 1430 ¥
Az =(-1 =0,
=D
3+1 3 10
Ay = (1) =15+ 60=75,
-6 5 A __12+10 0_0
n=CD""0 ), =0
Z
3+2 2 10
Ay =(-1) =— (10 - 40) =30,
4 5 4ol O
Ay =(-1) = 1z
3+3 2 3 0 z
Ap =177 =-12-12=-24
A _(_1)2+3 X 0 _0
75 150 75 B 0 o
adj A={110 -100 30 -
72 0 24 Ay =(-1)>*1 y o=
. . 75 150 75
A*1=7ade=m 110 -100 30 Agy = (12" 0 %
Al 0 -4 ” 00
AsAX=B = X=A"B 3i3lx 0
ro Az =(-1) =Xy
1 0
x (75 150 75 |[4 r 00
1 1 1 yz 0 0
= ; :ﬁ 110 -100 30 1 - A_lz_ 0 xz 01=]0 y_l 0
- xyz
f |72 0 -24]|2 0 0 ay 0 0 ol
LZ ]
(300 + 150 + 150 1 sing 1
212100 440 — 100 + 60 7. (D):|A]=|-sin®@ 1  sin®
| 288+0-48 -1 —sing
(1] 1] Expanding along R;, we get
> 600 > =1(1 + sin®0) - sind (- sind + sind) + 1(sin’0 + 1)
B I I R A =1 +sin%0 + 1 + sin®0 = 2(1 + sin’0)
y| 1200 240 i) As, sin0 € [0, 1]
1 = = 1+sin% e [1, 2]
|2 5]

= 2(1 +sin®0) € [2, 4]
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