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Exercise 4.1 Page No: 108

Evaluate the following determinants in Exercise 1 and 2.
1. | 2 4 |
-5 -1
Solution:
2 4 _ —
|5 =2 -4 =18

2.
0 |cos 0 —sin®
sin® cos®0
x+1 x+1
Solution:

. |cos® —sin6
(i |

sin®  cosO =CcosBxcosB—(-sinB)xsinB=1

2 _ —
(ii) |x xf1+1 ﬁﬁ = (A2 - X+ D)X+ 1) = (X + D)X= 1) = XA XA2 + 2

_ 1 2 _
3. 1fA= [4 2]then show that [2A] = 4|A].
Solution:

aefi 3

4 2

2A:[2 4]

8 4
Con 12 4 g an_

|_.H.S._|2A|_|8 4| =8-32=-24

R.H.S. = 4/A| =4|11L §| —4(2-8)=-24

LHS = RHS
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1 0 1
0 2.
o 0 4
4. 1fA = then show that |3 A|=27|A]|
Solution:
30 3
JA=0 3 6
0o 0 12
LHS:
i 0 3
|3A]=] 0 3 6
o 12
=3x36=108
RHS
1 0 1
27|A|=27|0 1 2
0 0 4
= 27(4) = 108
LHS = RHS

5. Evaluate the determinants

3 =1 =2 3 -4
(0 0 -1 iy (1 1 =2
3 =5 0 2 3 1
, S L

D1 2

vy [0 2 -l
(1m) 1 O 3 1 5 0

=3 gy =
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Solution:
()
+ —3_30 I R L S 0
0 1_1 ] Il PR s o “, -5
i 5 0
=-15+3-0=-12
(ii)
3 -4 5

1 =2 -2 o1
1 1 -2)1=3 —|—4_|,} +5F!
N 3 1 2 1] ]2 3
=3(7) +4(5) +5(1)
= 46
(i)
o1 ‘U —3‘ -1 -3 1o
-1 0 -3|=0 -1 +2 \
2 3 0 3 [:I _2 [:I _2 3
=0 - 1(-6) + 2(-3-0)
=0
(iv)
S N R 0 -1 0 2
0 2 -1{=2 ‘_(_nﬁ ‘_ -2) -
s s ol 50 3000 3 -5

= 2(-5) + (0+3) — 2(0-6)
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1 1 -2
2 1 =3

e.fa= - ¢ "fing Al

Solution:

1 1
|‘L'IL| = 2 1 _3
E |

1 -3 2 =3 |2 1
=1 -1 +( 2]
4 -9 5 -9 ks 4
=1(-9+12) - (-18 + 15) — 2(8 - 5)
=0
7. Find values of x, if
|2 4] |2x 4 ~ |2 3] |= 4
Ll i [ @14 57|24
Solution:
(i)
2 4] |2x 4
5 1] |6 «x

2-20=2x"2-24
2x"2 =6

x"2=3
orx=+/3

(ii)

10 — 12 = 5x — 6X
X=2
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x zHﬁ 2
g.if 118 =1 118 6l then x is equal to
(A) 6 (B) £ 6 (C)-6 (D)0
Solution:

Option (B) is correct.

Explanation:
x 2| |6 2
18 .1'I_ 18 6

x"2 -36 =36 —-32

x"2 = 36

X =26
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Exercise 4.2 Page No: 119

Using the property of determinants and without expanding in Exercises 1 to 7, prove
that:

X a x+ta
v b v+b=0
1. 12 ¢ Z+c

Solution:
L.H.S.

¥ a x+a
v b v+b

Z ¢ Z+c

Applying: C1 + C2

¥x+ta a x+ta
yv+b b v+b

I+ C I+c

Elements of Column 1 and Column 2 are same. So determinant value is zero as per
determinant properties.

=0
= RHS
Proved.

a—b b—c a-—a
b—c c¢c—a a-bl=0

5 le—a a—b b-c

Solution:
a—b b—-c a—a
b—c c¢c—a a-b|

c—a a—b b—c
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Applying: C,—=C+C, +C;
0 b—¢c a—-a
=0 c—a a-b
0 a-b b-c

=0

All entries of first column are zero. (As per determinant properties)

2 7 63

3 75|=0
3 5 %6
Solution:
2 7 A3
3 8 75
5 9 &

Applying: C3->C3-C1

2 7 65 2 7T 7
3 8 T2 =09
5 81 5

Elements of 2 columns are same, so determinant is zero.
=0

Proved.

be  alb+c)

ca ble+al|=0

= = = D

ab  cla+b)
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Solution:
1 be alb+e)
1 ca blc+a)
I ab cla+bd)
Applying: C3-> C3 + C2

1 bc abt+ab+ac
1 ca abt+ab+ac
1 ab ab+ab+ac

(ab + ab + ac) is a common element in 3 row.

1 bc 1
= (ab+ab+ac)ll ca 1
1 ab 1

Two columns are identical, so determinant is zero.
=0

5. Prove that

(b+c) g+r y+:z P %
(e+a) r+p z+x|=2p g W
(a+b) p+g x+y [ F 2

Solution:

LHS:

b+ct+ctatath gtr+r+ptptg ytztzt+xt+xty

c+a F+p F+x
a+b p+gq x+y
(a+b+ec) (p+g+r) (x+ty+z)
= 2| c+a r+p 4+ x

a+b p+g x+y
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Applying:
R,—>R,- R,

and R; 2 R;— R,

b g b
le+a  r+p Z+x

a P X
Again, Ry=2Ry-R;

b g 1

Interchanging rows, we have

a p x
216 g ¥
' ¥ Z
= RHS
Proved.

6. Prove that
0 a —b
—a 0 —g|=0
E e 0

Solution:

letA=|b ¢ O

Taking (-1) common from all the 3 rows. Again, interchanging rows and columns, we have
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A =-A
Which shows that, 24 =0 or & =0. Proved.

7. Prove that

—a® ab  ar
ba -b becl=da b c

pl
il oy =

Solution: LHS:
—a®  ab e
ba —b  be

=
ol ch =

Taking a, b, ¢ from row 1, row and row 3 respectively,

I
!
=
[
&

I
o
=

Fol h  —c
R, —-ER,+R,

] 0 2c

= abcla -5 ¢
a h —-c¢

—b

:abc{zc}'ﬂr ‘

a b

= 2abc”2 (ab + ab)
= 4a%b?c?
= RHS

Proved.
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By using properties of determinants, in Exercises 8 to 14, show that:
8.

1 a da

ik J’J:={f.:—|"::|'[FJ—-:']I:r—u:|

i) l[a # el=(a=b)(b—c)c—a)la+b+c)

3 3
a B ¢

Solution:

(DLHS:

1 & &

1 & &

| T i

R: —}R:— Rl and R_: —}R_:— Rl
1 a a*

0 b-a b-d
1 ¢c—a ¢ -a°
Expanding 1%t column,

bh—a b —a

c—da cT—a

Taking (b-a) common from first row,

. . N b+a
= (b—a)lc—a]

c+da

Simplifying above expression, we have
= (b-c)(c-a)(c-b)

=(@a-b)(b-c)c—a)

= RHS

Proved.
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(ii) LHS

b—a c—a

&
a bF-a o -a
Expanding first row

b—a c—a

=1

1 1

(b-a)(c-a)

= |jb—c;f:||jﬁ—c:f:||::ﬁ:—b:+c;ff.—Q'EJ.I|
= (b—a)(c—a)[(c—b){c+b]+ale=b]]
= (b—a)(c—a)(ec—b)lc+b+a)
=(a-b)lb—c)lc—a)lat+tb+c]|

=RHS

Proved

(b—a) [:b: +a’ +c;fb:] (c—a) [t‘ +a’ +ac ]

[fb:+c:f:+c;fb~] [’t'.:;clf:-l-at'..l

= (b-a)(c—a)(c* +a* +ac—b* ~a* —ab)

9. Prove that

x

v

g

¥
_:L"

P

¥z

x| = (J:—J.'j I:_:L'—ZJ [z —.TJ (J.:L'+J.'z +z_1'j

Xy

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions



Class - Xll _ Maths

@edsecu 'm! Ch. - 4 - Determinants

EDUCATION NCERT Solutions

Solution: LHS

X x  az
y oy o=

z 20w
Mulitiplying R . R, R; by x.1.z respectively
."i': .T-: e o g

7 3

yo ¥y xz

T —x =

(y=x)(y+x)  (p=x)p +x'+1x]

(z—x)(z+x) (z~% [:z: + +2x]

. ) y+x }': +x + ¥x
= (y-x)(z—x) iy
' Z+x Z4+x +zx

= y— .T:l (z —.T:l I:_:LZ: + _:L'.T: +xpz+ 2t +x +x'z —z}': —z - .'ll:L'Z—.'k:L': - —.T:_:L':I
= I'J.'—J.’:Il'z—x:I[}'z: —zyi+ 2 —.".:L'::I

~ (3= (z=9)p2(z-2)+x(£=2)]

= I'}'—J::II'Z—J::I[}'Z (z—y)+x(z—y)(z+ }':I]

= (y=x){z=x)(z-V) [}'z+ x(z +,1':I]

= (x—y)(y—z)(z —x)( v+ pz +2x)

RHS(Proved)
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10.
(i) x+4 2x 2x

2x  x+4  2x |=(5x+4)(4-x)

2x 2x x+4

1 1 v+k
Solution:
() LHS
x+4 2x 2x
2x x+4 2x
2x 2x x+4

R, >R,+R,+R,
[R; >R;*R;+R;]

Sx+4 Sx+4 Sx+4
= 2x x+4 2x
2x 2x x+4
1 1 1
= (Sx+4)Px  x+4 2x
2x 2x Ax+4

C,—C,—-C and C.—=C.-C(

1 0 0
=(5x+4)2x 4-x 0
2x 0 4—x

. A= 0
—(5x+4).1
) 0 4 -

= (Sx+4)(4—x)

= RHS (Proved)
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(i)LHS
_:L'+JEC v v

v }.+k v
v Ix v+k
C,—=C+C,+C,

=3v+k  yv+k ¥
dv+k ¥ v+ik
1 v v

= (3y+k)l  v+k v

1 ¥ v+i

C,—=C,-Cand C,—-C,-C,

=(By+k)0 k0
0 0k

. Lk 0
=(3yv+k).1
|0 k

=K (3y+k)
RHS (Proved)

11. Prove that,

:I'..:;rf.’;:+|:.]3

b

z+x+2y

(i) [a—b—c 2a 2a
2b b—c—a 26
e e c—d—
()|x+y+2z x
z yv+z+2x
z x
Solution: LHS
a—h—c la 2a
2b b—c—a 2b
2

c 2c c—a—~h

2

(x+y+ z_]':

Class - Xll _ Maths
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R, >R, +R,+R,

a+b+e a+b+c at+b+e

= b bh—c—a 2b
2c 2c c—a—>h
1 1 1
—(a+b+c)|2b b—c—a 2b
2c 2c c—a—~h

C,—>C,-Cand C,—=C,-(C

1 0 0
= (a+b+c)|2b —b-c—a 0
e 0 —c—a—b
_ U e 0
= (a+b+c|1) ca
' —c—a—>b

= (a+b+c)[~(b+c+a))[~-(c+a+b]]

:[a+b+ﬂf
(i) LHS
x+yv+2z x v
z v+z+21x v
z x z4+x+2y
C,—=C+C,+C;
2x+y+2z) x v
= 2(x+v+z) v+z+2x v
2x+y+2z) x z+x+ 2y

Taking 2(x +y + z) common from first column. Then apply operations:

R,—»R,-RaMdR.>R.- R,
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1 x hY
=2{x+y+z)|0  x+y+:z 0
0 0 x+y+z

. o xty+sz 0
=2(x+y+zf1)]

xt+y+z

:2(r+y+zjhr+}+zf—ﬂ]
=2(x+y+2)"3
= RHS (Proved)
12. Prove that

| I X

1 X ={ ] -5 }3

2
x x 1

Solution:
LHS

R, >R, +R,+R,

1+x+ 1+x+x° 1+ x+x°
=| x 1 i
X x? 1
1 1 1

:[1+I+Iw:f 1 x
x x 1

C,—=C,-CandC,—=C,- ¢

1 0 0
:{1+x+x;]f 1-x*  x-x'

X x-—-x 1-x
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. —x x—x
=|1+x+x )
) B 1—x
) . 1—x)(1+x xfl—x
:[1+.T+.T:] I: -"J[-I_-":I -"I: -":I
; ! —x[l—r] 1-x

:I:l+ x+1’:j| |:|:1—.T:|: (1+x)+ X (1- .T:I:jl
= [:1+.T+.T::]: [1—1’]:
= [:1—3:+ =+ —:r::]:
= (1-¢)
RHS
Proved.

13. Prove that

l+a” =5 2ah —2b
2ab 1—a’ +b* 2o ={1+n: +b° }1
2h —2a 1-a® -b?
Solution:
LHS
1+a” - b Zab =2b
2ab 1-a® +b* 2a
25 —2a 1-a” — b7

C,—»C-bC,andC, >Cy+aC.

1+a” +5° 0 - 25
= 0 1+a’ +5° 2a
b(1+a’+b" |  —a(1+d'+b?)  1-4 -
1 0 -2b
= (1+a’+p°)0 1 2a

b —-a 1-a-»°

R.>R.-bR,
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= (1+a*+5) |0

= |:.l+c;f: +5 |
—a

1-g* +3*

= (1+a°+5) (1-a* +b* +24°)

= [_'1+a*+b*‘_]3
RHS
Proved

14. Prove that
a-+1 ab ac

ab b +1 be

cet b 41
Solution: LHS
a +1 ab e

ab B 4+1 b

.
ce ch o +1

=l+a’ +b" +¢°

Multiply, C,.C,.C; bya, b, c respectively
Then divide the determinant by abc

c;r[:c;r:+l:] ab’ ac”
1 ) e i
- —| a'b bl 5" +1] be”
abc : ‘ .
a‘c b c cle” +1|
a’+1 b ¢’
= abe a b+l ¢’
abc . .
a b ¢ +1

Class - Xll _ Maths
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1+a® +b* +¢* B* c?
= ﬁl+a:+b:+c: b +1 c?
abc . " ,
1+a°+56°+¢c* b* ce+1
1 5 c?
= (1+a*+8'+7 )1 B +1 e’

1 b* ¢t +1

R,—»R,- R, andR,—>R.- R

1 b
= (1+a*+27+c)0 1 0
0 0 1

= (1+a*+5* +c*)(1)(1-0’
=1+a’ +b% +¢*

LHS

(Proved)

Choose the correct answer in Exercises 15 and 16
15. Let A be a square matrix of order 3 x 3, then | kA] is equal to
(AK|A|B)KZ[A[(C)K*|A| (D)3k|A|]

Solution:
Option (C) is correct.

16. Which of the following is correct

(A) Determinant is a square matrix.

(B) Determinant is a number associated to a matrix.

(C) Determinant is a number associated to a square matrix.
(D) None of these

Solution:
Option (C) is correct.
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Exercise 4.3 Page No: 122

1. Find area of the triangle with vertices at the point given in each of the following:
(i) (1, 0), (6,0), (4, 3)

(i) (2, 7), (1, 1), (10, 8)

(iii) (=2,-3), (3, 2), (-1, -8)

Solution:

Formula for Area of triangle:

1-1'1 »n o1
N |
3 2
L P |
(i)
11 0 1
-6 0 1
2
4 1
1~ . ) )
= E[1[[:1—3_]—[:JU=_s—4_]+1us—[:1_]]
_ 15 -
—ESC]. units
(ii)
2 7 1
1
Area= /1 1 1
‘|10 8 A|
1., LV 4 B
. E[ZL]—S_]—.-L1—10_|+1L8—1[J|_|
47 _
= 5 sq.unit
(iii)
1—2 -3 1
Area=-1 3 2 1
-1 -8 1

S l[—z(mjﬂ(ﬂ—z:

2

=15 sq. Units
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2. Show that points: A(a, b +c¢),B (b, c +a), C (c, a+ b) are collinear.
Solution:

Points are collinear if area of triangle is equal to zero.
i.e. Area of triangle = 0

l_c;r b+e 1
Area of Triangle= 5/ & c¢+a 1
“le a+b 1

= %[a['_c ta—a—-b)—(b+c)(b—c)+1 [b (a+b)—clc +c;r_']}]

1 o L
= ;[_aﬁ—ab—b‘ﬁ:‘+ab+b‘—ﬁ‘—ac_]

=0
Therefore, points are collinear.

3. Find values of k if area of triangle is 4 sq. units and vertices are

(i) (k, 0), (4, 0), (0, 2)
(i) (=2, 0), (0, 4), (0, k)

Solution:
(i)
Area of triangle = £4 (Given)
1 ke 11 1
3 v ¥y, 1l =4
R T |

%[A—[‘_o— 2)-0+1(8-0)]| =4

Yo(-2k + 4) = 4

-k+4=4
Now: -k + 4 = +4
-k+4=4 and—-k+4 =-4
k=0and k=8
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b | =

15(-8+2K) = 4

or-k+4=4
Now: -k + 4 = +4
-k+4=4 and—-k+4 =-4
k=0and k=18

4. (i) Find equation of line joining (1, 2) and (3, 6) using determinants.
(i) Find equation of line joining (3, 1) and (9, 3) using determinants.

Solution:
Let A(X, y) be any vertex of a triangle.
All points are on one line if area of triangle is zero.

1
3

x oy |

3| —

r

1;[.1;['_2—5_'] -¥(1-3)+1(6-6) =0

-4x+2y=0
y = 2X
Which is equation of line.

(if) Let A(x, y) be any vertex of a triangle.
All points are on one line if area of triangle is zero.

Class - Xll _ Maths
Ch. - 4 - Determinants
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x v 1

15 1 4ql=0

2
9 3 1

%[I[-_l_g_'] -1(3-9)+1(9-9)]=0

-2Xx+ 6y =0

x—3y=0

Which is equation of line.

12. If area of triangle is 35 sqg units with vertices (2, — 6), (5, 4) and (k, 4). Then k is
(A)12 (B)=2 (C) -12, -2 (D) 12, -2

Solution:
Option (D) is correct.

Explanation:

. X 11 1 .

S ¥ 1] =35
A T |

%[2[‘_4—4_‘]—[‘_—5_‘][‘_5»—:c]+1|;m—43c'|] =35
S-olving above expression, we have

25 -5k =+35

25-5k=35and 25 -5k =-35

k=-2and k =12.
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Exercise 4.4 Page No: 126
Write Minors and Cofactors of the elements of following determinants:
1.
o |2 4 = |a e
o Wy a4
Solution:

Find Minors of elements:

Say, Mijj is minor of element aj
Mi1 = Minor of element a11 = 3
Mi2 = Minor of element a12 = 0
Mz1 = Minor of element az1 = -4
M22 = Minor of element a2z = 2
Find cofactor of ajj

Let cofactor of ajj is Aj, which is (-1)" Mi
A= (-t Mu1=(-1)?3)=3
Az = (-1)*2 M12=(-1)23 (0) =0
A1 = (-1)>*1 M21=(-1)°(-4) =4
A22 = (-1)2*2 M22=(-1)* (2) = 2
(ii)

a ¢
b d

Solution:
Find Minors of elements:
Say, Mijj is minor of element aijj

Mi11 = Minor of element a11 =d
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Mi2 = Minor of element a1z = b
M21 = Minor of element a21 = ¢
M22 = Minor of element a2z = a
Find cofactor of aijj
Let cofactor of ajj is Aj, which is (-1)" Mj
A1 = (-1)"** M= (-1)2(d) =d
A1z = (-1)¥*2 M12=(-1)3 (b) = -b
A21 = (-1)>** M21=(-1)% (c) = -C

A2 = (-1)>*2M22=(-1)* (a) = a

2.

M@ o o
0o 1 0

0 1

g o 4
305 -5
0 2 2

Solution:

M@ o o
0o 1 0
0o 0 1

Find Minors and cofactors of elements:

Say, Mijj is minor of element aj and Aj is cofactor of aijj

10

=]1-0=1
M1 = Minor of element a1 = "3 1‘ and A1 =1
00
=0-0=0
M12 = Minor of element a1z = 01

and A2 =0
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01
=0-0=0
M1z = Minor of element a1z = 00 and A1z =0
00
=0-0=0
. 01
M21 = Minor of element az1 = and A21 =0
10
=1-0=1
M22 = Minor of element az = |0 1 and A2 =1
1 0
: - =0-0=0
M23 = Minor of element az3 = and A>3 =0
00
=0-0=0
Mz1 = Minor of element az1 = 10 and Az1=0
10
_ =0-0=0
Ms2 = Minor of elementazz = [0 0 and As2 =0
1 0
=1-0=1
Maz = Minor of element azs = [0 1 and Az =1
(iCp o 4
0o 2 2

Find Minors and cofactors of elements:

Say, Mijj is minor of element aj and Ajj is cofactor of aijj

) Z‘=10—r4}=11
Mi11 = Minor of element a11 = 12 and A1 =11
3 —_
R ‘ =6-0=6
Mi2 = Minor of element azo = 10 2 and A2 =-6
“|=3-0=3
Mi13 = Minor of element ai3 = - and A1z =3
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M21 = Minor of element az1 =

M22 = Minor of element a2z =

M2z = Minor of element az3

Mz1 = Minor of element az1

Ms2 = Minor of element as2

M3z = Minor of element azz =

[y

o]

)

Ly

=

Lad

—0-4=—4
and Ac1=4

| S

=2-0=2
and A2 =2

[

=1-0=1
1 and A2z = -1

=0=-20==-20
-1 and Az = -20

=-1-12=-13
-1 and Az =13

=

=5-0=5

and Azz =5

5

3. Using Cofactors of elements of second row, evaluate A.

5 3 8
A=12 o0 1
1 2 3

Solution:

Find Cofactors of elements of second row:

A21 = Cofactor of element a21 =

A22 = Cofactor of element a2z =

A2z = Cofactor of element a2z =

o2 8
1k 3‘ (1) (9-16)=7
o2 8
= 3‘ (1) (15-8)=7
o asp 3
TV | (a1 0-3)==7

Now, A =ac1 Ac1+a22 Az +a2sA3=14+0-7=7

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions
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4. Using Cofactors of elements of third column, evaluate A.

1 x 1z

A=| v ozx

1 z x
Solution:

Find Cofactors of elements of third column:

Y|
(—1) { |'—1'|4|'z—1."|=z—1'
Ais = Cofactor of element a1z = A= o’ :
ool x
(—1] ‘ 1Y (2 |
Azs = Cofactor of element azs = 1 z| _ (Fl)z-x)=x=2
AL
(—1) [ v (—1)° (1) = 2
Asz = Cofactor of element ass = M= /Y Y
Now, A = a13A13 + a23 A23 + a33 As3
=yz(z—y)+zx(x—z)+x(y—x]
= ['}.z: _}_:Z']+ | l:L': 2t | +[-.1:z: __T:vl_ |
= (yv—z] [—yz+x(y+ z)— |
=(y—2z) [—}' (z—x)+x(z— IJ
=(X=Yy-x)(z-X)
ap 4dp 9
A= dyp iy Ay
43 3 ds: - PR
5. 1If and Ajj is cofactor of aij then value of A is given by:

apfs tap Ay TapAs

(A)

(B) ap Ay HapAg tapiy

anfy; +aphy +azA;s

(©

ap g Hapfg asiyg

(D)

Solution: Option (D) is correct.
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Exercise 4.5 Page No: 131

Find adjoint of each of the matrices in Exercises 1 and 2.

|2 0

Solution:
1. LetA =
27
3 4]

Cofactors of the above matrix are

A1i1=4
A12 = -3
Ac1= -2
Ax=1

r 1T _A7
adj.ﬁ,:-‘%ll A“|: 4+ =2

I—‘L"le An] A3 IJ
2.

M1 -1 2]
LetA=| 2 3 5

|2 0 1]
Cofactors of the above matrix are

33 -1 2 -1 2
A =+ =3 A, =- =1 Ang=+ =11
H7 01 - 0 1 ER

1 2

2 5 12 . A, =- =-1

*511::—_2 1=—12 *‘j‘l::"'_: i = . 2 5
1 -1

3 1 -1 A. =+ ‘:5

L"!i.]_-_:=-|-_2 D‘:ﬁ ‘L"g_.:_:z—_z U‘:Z - 2 3
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Therefore,

*L"iu Ay Ay 3 1 -11
A=A A, A, |=-12 5 -1

Ap Ay As 6 : 5

Verify A (adj A) = (adj A) A =|A]| I in Exercises 3 and 4

T3

Solution:
3.

2 3
Let,-‘-"l.:[_;1 _5}

adj_A:[_ﬁ ‘3}
42

Aladi A) = 2 3“—.5 _37

4 -6/ 4 2 |
oo
00
: 2 3
Again, |A|= ==12+12=0
—4 -6
0 1 0] [o 0]
A=) 5 4]=0 o
LHS = RHS
Verified.
4.
1 -1 2
LetA=|3 ¢ -2
1 0 3

Cofactors of A,
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-2 -1 2 B -1 2 N
-':'5_11:+ 3 :D 1= I:l 3— 1:+ [:| _2:-
371 a N A b2
= — =— A=+ = Moy = =
Ap 1 3 = 1 3 - 3 -2
30 1 -1 1 -1
B=T m‘ =0 . ‘1 o‘ 0
Now,
*"j!'-ll Ldl!"ll A‘El 0 3 2
A=A A A, =11 1 s
A, A, A 0 -1 3

Now, Verify A (adj A) = (adj A) A = |A] |

1 -1 27[0 3 2] [i1 0 _07
AladiA)=/3 0 -2|/-11 1 § =0 11 0
1 0 3]0 -1 3| 40~ 0 i

03 sl 0 )0
(adi A)A= [-11 1 8|30 —2/%0 11 0

0o -1 31 0o 3[doy 0 1
1 -1 2
Al=[3 0 -2/ = 10)-E1)(11)+2(0)=11
1 0 3
100 11 0 0
|ajI=110 1 0| = |0 11 ©
001 0 0 11

Verified.
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Find the inverse of each of the matrices (if it exists) given in Exercises 5 to 11.
5.
S
4 3
Solution:
> 97
Let A= |
‘43

7 =7
ENE '|=14;tl:]
4 3
Since determinant of the matrix is not zero, so inverse of this matrix is possible.

As we know, formula to find matrix inverse is:

Ao b adj A
Al
. 3 2]
adj. A= |
|- 2
This implies,
113 2]
A =— |
144 2]
P
| 3 2|
Solution:
LetA= _ |
|3 2
-1 5] _
|A'|:|_3 2|_13;D

Since determinant of the matrix is not zero, so inverse of this matrix is possible.

As we know, formula to find matrix inverse is:

Alo L adj A

Al
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= 1 .\l

1
0
K

Solution:

[ B

-
el
I
= o
Lo R P R ]
L

Therefore,
-
A exists

Find adj A:

2

0

NN

L

e

L

-10 A
5 Ag
0 Ay

2 4
0 4
1 2
= + = 2
0 2

As we know, formula to find matrix inverse is:

A4=iﬂﬂﬁ

Al

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions



@dsecure

EDUCATION

B!
3
I

| S IS R
[

L

-1

Solution:
Let A = _
[

Lid =
[ SR S R |
o

Ln

[Al=

o =
| SR W R |
o]

L

Therefore,
-1
A exists

Find adj A:
30

‘:-3 Ay =

As we know, formula to find matrix inverse is:

=1(-3)-0+0=-3=0

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions
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R T
A7 =—adj A
Al
1__—3 0 0l
AJ = —13 -1 0
|9 -2 3]
9.
__2 1 3]
4 =1 10
-7 2 1)
Solution:
__2 1 3]
letA=|4 -1 0
-7 2 1
2 1
Al=ls -1 0
-7 2 1

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

=0
Therefore,
-1
A exists
Find adj A:
-1 0 1 3 1 3
__1 A, =_ -z =+ =3
f"i.ll=—|'2 1_1 1 , 173 3l 10
4 0 2 3 3 23‘
= ——1 Ap=+ =23 Anp=-| =12
An=-| L= TR 40
2 1
4 -1 21 A=+ =—6
Ap=+| . |= Ap=-l _ |=-11 =77 4
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AL Ay Ay -1
ad) A= An Ay A :__4
A Ay A L1

at=Laga
Al
1_‘—1 3 37
Al »n o
|1 -11 -6
10.
n -1 2]
0 2 -3
3 -2 4]
Solution:
n -1 27
LetA:_D 2 -3
13 -2 4
1 -1 2
Al=1lo 2 -3
3 -2 4
=1(2)+1(9)+2(-6) = -1
=0
Therefore,
-1
A exists

Find adj A:

Class - Xll _ Maths
Ch. - 4 - Determinants
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2 =3 -1 2 -1 2
Ap=tl, =2 A=, =0 Aa=ty 4=
— 2 2 1 2
L‘IL =_|:| 3 __9 L‘ILH=+ :_2 ‘Lili'_::=_ :3
! 3 4 3 4 0 -3
1 -1
I:I 2 1 _1 L‘IL..,.., =+ — 5
L'IL]_:_+3 _2 =—H ;L.I!L‘_ :—3 _2_—1 =*33 0 2 -
AL Ay Ay M2 0 -1
adj. A= | A A, A, |=—9% -2 3
‘QLE A-": A |—_6 -1 2 _

As we know, formula to find matrix inverse is:

A4=lﬂﬁﬁ

Al

11.
B! 0 0

0 cosc sin o

i_[:l sin@ —cosd
Solution:
' 0 0
letA=|0 cosa sinx

|0 sin —cos|

1 0 ]
|*L"L|= 0 cosa sin ¢

0 sinag —cos&
= [.—CI.'_'IE: o —sin®e)|—0+0
= —I:. cos’ g+sin’@|=—1=0
Therefore,

-1
A exists
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Find adj A:
A COSTY sind A :_D 0 =0 ‘L‘Ll=+[:l
T N bneg —cosal -1 = sing —cos o : cos
. 1 1
0 sina A=+ =—cosax A, =-
Ap=- =0 = 0 —cosa 0
0 —cosc
1
A +EI cos & ‘,;.L“:_‘l 0 —sng ‘L"L_:_:=+U
A= T sino_‘:D 0 sinc -
A Ay Ay r-1 0 0
adj. A= A, Ap A, |=| 0 -cosa —sina
A, AL A | 0 —sina cos & |

As we know, formula to find matrix inverse is:

Alo L

Class - Xll _ Maths
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0

o sin Y

=0

0

. = —sin &
sin o

0

Cos &

=COos

adj A
Al
1 M 0 0
A =0 cosa sin o
i_D sin cf —Cos Q‘_i
37 a4
| ¥ .:| 7 0| .
12.LetA= = "~ andB=": 7~ verifythat (AB)*1=B1A1.
Solution:
3 7]
- I: }"l
37
|a|= ) s -1 =0
g 1 .
A7 =— ad] A
=
At= T T |
[—2 3
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Again,
- 6 8
o
6 8
|E|= - ‘: _2 ;'-= O
9
Bl = i_ 9 -8
_ZI _™ 6 |

Now Multiply A and B,

3 7][6 8] Te&7 87]
AB_'? -7.| 7 |:I - |
12 5]17 9] |47 s1]

Find determinant of AB:

67 87
|B|= 47 61

Now, Verify (AB)1 =Bt A1

‘z—lDS?——IDSQ:—Z =0

LHS:
aB|=|°” ¥7|=1087-4080= 220
7 61
and ~
i 161 877
[AB] = — _ N
T 2|47 67 |
RHS:
179 -85 -7
B'Al= —| | |
27 62 3]
1] 61 —87]
" 2|7 67 |

This implies, LHS = RHS (Verified)
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[3 1
13. 1f A= L]

2

} , show that A2 -5A + 71 = O. Hence find AL,

Solution:
A2 = AA

.q
-1 2/|-1 2| |-5 3
LHS = A2—5A + 7|
8 3 3 1] 1 0
- -5 +7
-5 3 -1 2 0 1

[ 8-1547 5-5+0
|-5+5+0 3-10+7

00
= =|:|
_[:I [:I}

= RHS. (Proved)

To Find A1

Multiply A2 —5A + 71 by A1, we have
(Consider | is 2x2 matrix)
APATSAATT +TTAT =A™
A-5I +7A7 =0
TAT =-A+3]

Vol
= +
1 2] [0 5

Il
I 1
g2
ua |
it
[
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14. For the matrix A= .1 1
Solution:
A2 pn o 3 203 21 [11 8]

Since A2+aA+bl=0

11 8 32 B

|+a:;r |+.h |:D
14 3] "1 1] "o 1]
i S'+'3a 2a‘+'b o] [
4 3 la a | 0 b|”

[11+3a+b  8+2a+0] [0 O]
| 4+a+0  3+a+b] |0 0]

Equate corresponding elements, we get

11+3a+b=0 ...(2)
8+2a=0=>a=-+4

Substitute the value of a in equation (1),

11+3(-4)+b=0

11-12+b=0
b=1.
n 1
1 2
15. For the matrix A = 12 -1
Solution:
M 1 171 1
AT=AA=|1 2 -3|1 2
12 -1 32 -1

11l 1] Tle s

Class - Xll _ Maths
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I
4, find the numbers a and b such that A2+ aA + bl =O.
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[1+1+1  1+2-1 1-3+3
= |1+2-6 1+4+3 1-6-9
2—-1+6 2-2-3 2+3+9

4 2 1
=3 8 -14
7 -3 14
4 2 171 1 1
A-pia=-3 &8 -14||1 2 -3
7 -3 14][2 -1 3
S 4+2+42 4+4-1 4-6+3
= | 3+8-28 -3+16+14 -3-24-42
| 7-3+28 7-6-14 T+9+42
8 7 1
- =23 17 -69
32 -13 38
Now, LHS = A3- 6A2 + 5A + 11 |
8 7 1 24 12 o 5 3 11 0 0

L L

100 -151+(0 11 O

=23 27 —69|-|-18 48 -84 +
10/-5 15| |0 0 11

32 -13 58| |42 =18 84

[ 8-24+5+11 7-12+% 1-6%5
=|23+18+5  27-48+10+11 —69+84-15

| 32-42410  —13+18-5 S8—84+15+11

000
=000

000

RHS (Proved)



@edsecurm! Class - XIl _ Maths

Ch. - 4 - Determinants
EDUCATION NCERT Solutions

Now, find A1

Multiply AS— 6A% + 5A + 11 | by A1, we have
(Consider | is 3x3 matrix)

APAT —BACAT AN HIITAT =0A T
AT—BA+5I+11A7 =0

11A7 = 6A—5I-A*

1 1 1 1 00 4 2 1
11A7=6/1 2 -3|-5|0 1 0|-|-3 8 -14

2 -1 3 0017 -3 14
6-5-4 6-2 61
=| 6+3 12-5-8 -—18+14
12-7  —6+3  18-35-14
3 4 3
-9 -1 -4
5 -3 -1
Therefore,
-3 4 5
atolle o
11
5 -3 -1
2 -1 1]
-1 2 -

16.1fA=L1 =1 21 verify that A*~ 6A2 + 9A — 41 = O and hence find A~ .

Solution:
A2 = AA

44141 —2-2-1  1+41+2
—2-2-1 1+4+1 -1-2-2

24142 —1-2-2  1+1+4
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6 -5 3

=|-5 6 -5
5 =5 6

6 -5 52 -1 1
-3 5-1 2 -1
5 -5 61 -1 2
2 -21 2
|21 22 -2
21 -21 22

Now, A3—6A2 + 9A — 4l

T2 -21 2 6 -5 5] 2 -1 1 F 0 0]
=21 2 -21|-6/-5 6 -5 |+9|-1 2.-1|=4/0 1.0
21 21 22 5 -5 6] |1 41 2] |01

|
=|—21+30 22-36 -21+30(+|-5-0 18-4 —Q—DJ

| 21-30 21430 22-36| [ 9-0 -9-0 18-4

- 22-36 —21+30 21—30—‘ 18—4 —-9-0 9-0y

—14+14  9-9 —9+9
= 9-9 -14+14  9-0
—9+9 0-9 —14+1-1_|
000
-0 00
000
=0 (RHS)

Multiply A3— 6A? + 9A — 41 = O by A, (here | is 3x3 matrix)
ACAT —BATATTH0AAT AT AT =0 AT

AP —6A+9T—4AT =0
AAT = AT —6A +91

Now Placing all the matrices,
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(6 -5 57 2 -1 1] [100]

4ATT=| 5 6 -5 |-6/-1 2 -1[+9/0 1 0
|5 -5 6| |1 -1 2| o001

T 6-1249 —5+6+0 5—6+0
JAT = 51640  6-1249 —51640
| 5—6+0 —5+6+0 6-12+9

3 1 -1
= 1 3 1
-1 1 3]
Inverse of the matrix is :
r3s 1 -1]
41
A7 =1 3 1
4|
[-1 1 3

17. Let A be a non-singular matrix of order 3 x 3. Then‘|adj. A| is equal to:
(A) |A] B) AP (C) IAP (D) 3|A|

Solution:

Option (B) is correct.

Explanation:

ladj. A| = |[A|"t = |A]?  (forn = 3)

18. If Ais an invertible matrix of order 2, then det (A1) is equal to:
(A) det A (B) 1/det A ©)1 (D)0
Solution:

Option (B) is correct.

Explanation:

AAl=|

det (AAl=1)

det(A) det(A1) =1

det(Al)=1/det A
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Exercise 4.6 Page No: 136

Examine the consistency of the system of equations in Exercises 1to 6.
1.x +2y =2:and 2x +3y =3

Solution:
Given set of equationsis: x +2y =2:and 2x + 3y = 3

This set of equation can be written in the form of matrix as AX = B, where
r T g
A_ll andB:|;|and

_Iz 3|

.
X= |
Y]

So, AX=Bis
1 2T 127

4

|A|= “l=-1=0
3

1
2

Inverse of matrix exists. So system of equations is consistent.
2.2x-y=5andx+y=4

Solution:
Given set of equationsis: 2x—y=5andx+y=4

This set of equation can be written in the form of matrix as AX = B, where

(]
I
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Inverse of matrix exists. So system of equations is consistent.

3.x+3yand 2x + 6y =8

Solution:

Given set of equations is : x + 3y and 2x + 6y = 8
This set of equation can be written in the form of matrix as AX =B

1 3 x| [5
] 5||1|:|8|
Where,
S -
— and B =
A=12 6 s
1 3
Al=|, (=0
. 6 -3
adJ_A:,_ - 1_|
And
. (6 =37[5] T6
@ AB=1|  llgl=] 4]0

The given equations are inconsistent.
4.x+y+2z=1;2x+3y +2z=2and ax +ay +2az=4

Solution:

Given set of equationsis: x+y+z=1;,2x+3y+2z=2and ax + ay + 2az =4
This set of equation can be written in the form of matrix as AX =B
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111
A|]=]2 3 =1(6a—2a)-1(4a—2a)+1(2a—3a]
a

2
2a

=

— da-2a-a=a = ()

System of equations is consistent.

5,.3x—-y—-2z=2; 2y—-z=-1 and 3x -5y =3

Solution:

Given set of equationsis : 3x—y—-2z2=2; 2y—-z=-1 and3x—-5y=3

This set of equation can be written in the form of matrix as AX = B

3 -1 =27 x| [2
0 2 -1 y|=[-
13 -5 o0lz] |3 ]

3 -1 —2]
A=l0 2 -1

3 -5 0|

3 -1 -2
|A]=[0 2 -1

3 -5 0

= 3(-5) +(3) -2(-6)

=15-15

—
%)
ok
Z
I
&
o
oy Ll Ln
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s 10 5|27 -5

(adi AB=3 6 3| -1|_| _3|=0
|6 12 6l3 | |

6. Given set of equations is :
S5x—-y+4z=5
2Xx+3y+5z2=2

5x -2y +6z=-1

Solution:
Given set of equations is: 5x —y+4z=5;2x+3y+52=2;5x -2y + 6z=-1

This set of equation can be written in the form of matrix as AX = B

so—1 4% TS
2 3 5|y|=|2
15 -2 6][z] |-1]

(s -1 4]
A=l2 3 3

5 -2 6]

5 -1 4
|A]=2 3 5

2 _2 6

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

= 140- 89

=51

#0

System of equations is consistent.
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Solve system of linear equations, using matrix method, in Exercises 7 to 14.

7.5x+2y=4and 7x +3y =5
Solution:

Given set of equationsis: 5x+2y=4and 7x + 3y =5

This set of equation can be written in the form of matrix as AX = B

5 2 4
7 3l 7Ls]
Where,
5 97
3l
And|A|=1#0
System is consistent.
Now,
o 1, . ..
X=A"'B - —(adj. A)B
|“':IL| . 4
[x] 1[ 3 -2][4]
)71 s |ls)
rn2-10 | [2 ]
| 28+25 |7 |3

=> x=2andy=-3
8.2x -y =-2and 3x +4y =3

Solution:
Given set of equationsis: 2x -y =-2and 3x+4y =3
This set of equation can be written in the form of matrix as AX =B

D ¢

— _l-'_ p—
| 3 4 ||_:L|_I_3 |

IA| =11 #0
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System is consistent.
So,
X=A"B = i['adj.;nﬂ
|“':IL| . 4
[ _|=i_4 _I_J_I _1[-8+3] 1[-5]
lv] 11[-3 2013 | 11]6+6 __ﬁ'_lz_l

Therefore, x =-5/11 andy = 12/11

9.4x -3y =3and 3x -5y =7

Solution:
Given set of equationsis: 4x—3y=3and 3x -5y =7
This set of equation can be written in the form of matrix as AX =B

-3 1’___3_
3 -5l Tl
Where,

[4 -3

_|3 _5'

And |A|=-20+9=-11#0
System is consistent.

So,
'f_ -5 313
T8 47

Therefore, x = 6/-11 and y = 19/-11
10.5x +2y =3 and 3x +2y =5

Solution:
Given set of equationsis: 5x +2y =3 and 3x + 2y =5

This set of equation can be written in the form of matrix as AX =B
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And |A|=4#0
System is consistent.
So,

1

X=A"B = —(adj. A)B
|‘L‘|§.| 3

Therefore, x =-1 andy = 4.

11.2x+y+z=1landx-2y—-z=3/2and 3y—5z2=9

Solution:

Given set of equationsis: 2x+y+z=1andx—-2y—-z=3/2and 3y-5z=9

This set of equation can be written in the form of matrix as AX =B

1 1 [x] |1
1 -2 -1fy|=| 34
0 3 =sllz] |o
Where

Class - Xll _ Maths
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And
2 1 1
A= -2 -1
0 3 -3
=34=0

System is consistent.

So,
X=A"B :i[adj_mﬂ
Al
E3 13 8 171
Ly ~Lis _10 3
[ 34| )
|z | 13 -6 -3
1341249 [34
= o 515427 -1l
|3-9-45 34|_;

Therefore,x=1,y=%and z = 3/2

12.x—-y+z=4and 2x+y-3z=0and x +y+z=2

Solution:

Given set of equationsis: x—y+z=4and2x+y—-3z=0andx+y+z=2
This set of equation can be written in the form of matrix as AX =B

1 -1 17[x] [4
2 1 -3 y|=|0
11 1zl [2]
Where,

And

Class - Xll _ Maths
Ch. - 4 - Determinants
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1 -1 1
laAl=2 1 -3
1 1 1
=10#0
System is consistent.
So,
X=A"B :i[adj_mﬂ
|‘L‘|§.| 4
x| 1_'4 2 2[4]
vi=—|-5 0 35|0
. 10| .
|z | |1 -2 3]2]
1 [ 16+0+4 ] T2 7
_ | =2040+10 | =| -1
10 .
| 4-0+6 | |1

Therefore,x=2,y=-1landz=1

13.
2x+3y+3z=5
X=2y+z=-4
3X=-y=-22=3
Solution:

Given set of equations is :

2x+3y+3z=5
X—-2y+z=-4
3X-y—-2z=3

This set of equation can be written in the form of matrix as AX =B

2 3 3] s
-2 1 ;-:—4‘
13 -1 -2][z] |3

Where

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions
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A= -2 1
3 -1 -2

=40#0

System is consistent.
So,

X=A"B = —(adj. A)B

1
[A]

I
[ I R
I
—
Lad
[a—

I
-
[ )

L LA L
+
L
[ ]
+ +

I
e
e

I

| B
-

1
[a—

I
Sl-

| I SR ]

| S VY
-

Therefore, x=1,y=2and z = -1.

14.

X=-y+2z=7
3X+4y-5z2=-5
2X -y +3z2=12

Solution:

Given set of equations is :

X—y+2z=7
3Xx+4y—-5z2=-5
2Xx—-y+3z=12

This set of equation can be written in the form of matrix as AX =B

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions




@dsecure

EDUCATION

2 -1 3

=4%0

System is consistent.
So,

1, .
X=A"'B = —(adj. A)B
|“':IL| 3

] 77T 1 -3
1
4|

1
= 2| -133+5+132| = |1

49-5-36 | 2]
| —77+5+84 | |_3_|

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

=—-19 -1 11|—

-11 -1 712

Class - Xll _ Maths
Ch. - 4 - Determinants
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23 5]
32 -4

s A=l 1 -2

2x -3y +5z=11
3X+2y—-4z=-5

X+y=-2z2=-3
Solution:
2 -3 57
A=13 2 -4
11 -2
2 =3 5
Al=p 2 -4
1 1 -2

= -1 # 0; Inverse of matrix exists.

Find the inverse of matrix:
Cofactors of matrix:
..Lili.ll = E]:;a!.l: = 2=;L‘IL1_:\-| = 1

Ay=-1A,=-9A.=-5

‘L.IL_:]. = 2=‘L'|i-_2] = 23=aai_:_: =13

0 -1 2
ad. A=) _g 13
1 -5 13|
So,
0 -1 27 To
atolla o 23|= |2
_li_l -5 13| |-

Now, matrix of equation can be written as:

AX =B

LY I ]

L

-2
—23

-13

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions

<, find A-L. Using A~ solve the system of equations.
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2 -3 5[x] [
302 —4|y|=|-5
1 1 -2llz] [-3]
And, X =A1B

x] [0 1 -27m
vi=|-2 9 -23| -5
2] [-1 5 -13][-3
[x] o 1 -27
yvi=|-2 9 -23||-5
lz] [-1 5 -13][-3

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions

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

16. The cost of 4 kg onion, 3 kg wheat and 2 kg rice is Rs. 60. The cost of 2 kg onion, 4
kg wheat and 2 kg rice is Rs. 90. The cost of 6 kg onion, 2 k wheat and 3 kg rice is Rs.
70. Find cost of each item per kg by matrix method.

Solution:

Let X, y and z be the per kg. prices of onion, wheat and rice respectively.
According to given statement, we have following equations,

4x + 3y + 22 = 60
2x+4y + 6z =90
6x+2y+3z=70

The above system of equations can be written in the form of matrix as, AX =B

T4 3 27x] [60]
2 4 6| y|=[%0
16 2 3][z] [70]
Where,
(4 3 27
A=246
16 23
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4 3 2
|al=]2 4 6
6 2 3

= 4(0) — 3(-30) + 2(-20)
=50#0
System is consistent, and X = A1 B

First find invers of A.

Cofactors of all the elements of A are:

‘L‘I!"ll = D:*ﬂin = 3[]:}"5_13 ==
A, =-5A_=0A_.=10
‘L‘l!'_:“-l = 1|:J:*L‘l!-_::: =_2|:|=‘L"g_33 =10

To -3 10
adi A= 30 0 -20
|-20 10 10 |
Again,
x] [0 -5 107607
B =%_ 300 —20?_90
lz] T[-20 10 10 |70
[ —450+700
= % 1800 —1400 |
| ~1200+900 +700 |
(2507 [5]
!
= —|400|=|8
100 |3

Therefore, x =5,y=8and z = 8.

Class - Xll _ Maths

Ch. - 4 - Determinants

NCERT Solutions

The cost of onion, wheat and rice per kg are Rs. 5, Rs, 8 and Rs. 8 respectively.
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Miscellaneous Examples Page No: 141
X sl cosB
—sin B -X 1
. cos@ 1 X
1. Prove that the determinant is independent of 6.
Solution:
[ x sind  cosd |
let A= —sinfé —-x 1 ‘
i_ cos & 1 x|
-x 1 —zin&d 1 —sind  —x
A=x —sifn +cosé
1 x cosd x cos & 1

=x|—x"—1]—sin&(—xsin & —cosf)+cos & —sin & + xcos & |
=-x —x+x[sin” &+cos” &)

= _l;

Which is independent of 6 (Proved)

2. Without expanding the determinant, prove that
a a be|l | & &
b b oeal=ll ¥ ¥

c ¢ abl I ¢ £

Solution:
Start with LHS:

a a be
b b ca
c ¢ ab
Myltipﬁlying R1 by a R2 by b and R3 by c, we have
a o abc
b b abe
¢t & abe
Taking out common elements
at & 1
@bl y o

abce .
¢t ¢ 1
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Interchanging C1 and Cs

at a 1 1 & &
=B B 1 =-1 ¥ B
¢t &1 1 ¢ ¢

Interchanging C2 and Cs

1 & & 1 o a
-y Fl= by
1 & ¢ 1 ¢ ¢
=RHS (proved)
3. Evaluate
cosctcos S  coscasinf —sindg
—sin 5 cos j3 0
sin cos f sinddsin O COs Gt
Solution:
cosccos S coscasin S —sind
—sin 5 cos j3 0
sin cos f  sindsin O cos o

— cos ¢ cos B cos cos F—0] —cos sin G| ~cos asin F—0)—sin Ofl:._—sin asin® S—sin @ cos’ ,BI
= cos®¢cos’ B+ cos’ aesin® B+ sin’ :Z:'Il_Sin: ;5’+CDE:,J5’_]

= cos’ r:rl:._cns: B+sin’ ,5’_-]+ sin” r::'ll_sin: B+ cnsz,ﬁ_‘]

—cos o +sint = 1

4. If a, b and c are real numbers, and
b+ec c+a a+b

A=lc+a a+b b+c|=0
a+b b+c c+a

Show that eithera+b+c=00ra=b=c
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Solution:

b+c c+a a+b
c+a a+b b+c
a+b b+c c+a

. Ry =R, +R,+R,
Applying: -

2la+b+e) 2a+b+c) 2{a+b+c)

c+a a+b
a+hb b+c
1 1 1

Aa+b+clle+a a+b  b+c
a+b  b+c c+a

Since A=0

This implies,

Either 2(a +b+c)=0or
1 1 1

ct+a a+b b+c|=0
a+b b+c c+a

Case 1:If2(a +b+c)=0
Then(a +b+c)=0

Case 2:
1 1 1

c+a a+b  b+c|=0
a+b b+c c+a
Applying:

1 0 0

c+a a+b—c—a b+c—c—a|=0
a+b b4+c—a—-b ct+a—a-b

C,—=C,-CadC, -C,-C,

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions
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bh—c b-a
=0
c—a c—b

or
=>(b-c)(c-b) — (b-a)(c-a) =0

—sbhe—b'—c* +bc—bc+ab+ac—a =0
—>—a'—b'—c'+ab+bc+ca=0

—s @ +at+bh+bht+ct vt —2ab—2bc—2ca=0
_o|a@ +b —2ab | +(8 +c? —2bc | +(a* +¢* —2ca)=10

=>(a-b)? + (b-c)? + (c-a)? =0
Above expression only possible, if (@—b)=0and (b—-c)=0and (c—a)=0

Thatisa=bandb=candc=a
Therefore, we have result, either a+b+c = 0 or a=b=c.

5. Solve the equation
x+ta x x

A=|x x+a x |=0,a=0

x X x+a
Solution:
x+a x x
¥ x+a x (=0
x x x+a

Applying: Rt P Ri+R2#R;

Jx+a 3x+a 3x+a
x x+a x |=0

x x x+a
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1 1 1

(3x+a)|x x+a x |=0
x x x+a

Case 1: Either3x+a=0
then x = -a/3

Case 2: or

Applying:
C,—»C,-C and C; »C,-C,

1

0
¥ a =10
0

n = =

.
a2 =0

ora=0
Not possible, as we are given a # 0.

So, x = -a/3 is only the solution.

6. Prove that

a be ac+c
A=|a’ +ab B* ac |=4a’h*c’
abh b+ be c’
Solution:
LHS:
a’ be ac+c’
a® +ab b ac

ab b+ be c*
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Taking a, b, and ¢ from all the row1, row 2 and row 3 respectively.

a £ (a+c)
= abc|a+h) h a
h (b+c) c

R, >R,-R,-R,

a—a—-b—-b c¢c—-bh—-b—-¢c a+c—a-c

= abc a+b b a
b b+c £
C,—=C,-C
—2b -2 0 25 0 0
— abcla+b b a abcla+bh —-a a
b b+c ¢ _ b c c
= abc(-2b)(—ac—ac) _ 4a%

RHS (Proved)

3 -1 -|
Al=|-15 6 -5|
|5 -2 2| 7 4
7.10f - - and B = find (AB)™.
Solution:
. .—1_ —1a -1
As we know, (AB) =B"A ..(D)

First find inverse of matrix B.

12 -2
B|=-1 3 0
0 -2 1

S .
= H3=0)=2(=1=0)+(=2)(2 E]-':1;rf0(|nverseofBispossible)
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Find cofactors of B:
B,,=3.B;=1LB;;=1

B;;=2.By=1B;:=2
B., =6,B;;,=2B; =3
Soadj.of Bis

3 2 6]

1 1 2

12 2 5

Now,

3 2 6
a1 , 1|
B'=_—(adj.B)=-/1 1 2

Bl il

2 2 5

From equation (1),
32 673 -1 1
(AB)'=/1 1 2|15 6 -5
2 2 5[5 -2 2
9 -3 3
-2 3 1
|1 0 2]
r -2 1
-2 3 1
1 1 5 .
8.Let A=~ -, verify that
fadj. AT = adj. (A7)
@i - ' -
[.%_1.]_1_%
(i) -
Solution:
1 -2 1
lal=]-2 3 1
1 1 3
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=-13 # 0 (Inverse of A exists)

Cofactors of A are:
Ap=14A,=11A,=-5

‘L'l!']l =1 1:;9-:: =4=‘L'|!"".3 =—3
Ay=-5A,="TFA,=-1

So, adjoint of A is

f14 11 -3
11 4 -3
|- -3 -1
Now, Al
1_‘ 14 11 -5
11 4 -3
13| .
-5 -3 -1
Again,
14 11 -5
B|=|11 4 -3
-5 -3 -1

=169 # 0 (Inverse of A exists)

Cofactors of B are:

Bll = _13=BH = 26:315 =—13.
Bll = 26=B:: =_39=B:_:; =-13
BEI =_13=B_:: =_13=B_:~,_:~, =—5:-

Therefore, Inverse of B is
M1 -2 1]
_—1 -2 3
13
[ 1 1

L I -
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Find: adj A
;_ 14 11 -5
_ll
A4_T111 KR
R

|Al] =-1/13 # 0 (After solving the determinant we get the value. Try at your own)
Inverse of A exists.

Let say cofactors of A1 are represented as Cij, we have

-1 2 -1
C = — "= — - =—
R E R
7 —_ —_
Cﬁ1:;= :—3= :—1
1377 13 13 and
Cr.l:__lzcr.'-:__l: ::=__}
) 13 7 13 & 13
Therefore:
. . -1 1. .
Al =Ct="(adj. C
A7) |C|[_aj )
Which implies,
i -2 1]
-2 3 1
1 1 =

Which is again given matrix A.

(adj A)" = adj. (A7)

()
Jro-2 0 m1o-2 ]
O, T 1‘ —l-2 3 1
13| 13|
[ 1 1 5 [ 1 1 5
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; =1
A=A
(D) [- -]

1 1 -2 1 1 -2 1
—l=2 3 1 2 3 1
13

1 1 5 _ 1 1 5
9. Evaluate

X v x+y

v x+ v v
x+y x v
Solution:

Consider,
X ¥ x+y
A= v x+y x
x+y X v

Operation: [Ri >R, +R, +R]

2(x+y) 2(x+y)  2x+y)
v x+y .

x+ v X ¥

Taking 2(x +y) common from first row

1 1 1
2 [:'T+-:L._\.| ¥ x+y x
.T+:_|..' E :_L
Operation: [C3 —C,-C andC, = C; _Cll
2 [:'T+ .:L'_\.I ¥ x+y—v X—v

x+y x—x—Y¥ V—x—y¥
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. _ x xX—y
2(x+y).1

- —x
2(x+y) [—J:‘ +v( J.’—;L"I}
2(x+y)x —xp+17)

=-2(x"3 + y3)

A =-2(x3 + y"3)

10. Evaluate
1 x ¥
1 x+y ¥
1 x x+y
Solution:
Consider

1 X ¥

A=l x+y ¥
1 x x+y

[R;—»R,-R, andR, = R.-R,]

Operation:
1 x v
0 x+y—x 0
0 0 x+y—uv
1 x w
y 0
0 x

= A= XY
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Using properties of determinants in Exercises 11 to 15, prove that:

11.
o o P+
B B r+al=(A-1)(r-a)(a-pF)a+p+7)
v v a+f
Solution:
LHS
o o Bty
B B rt+o
 a+p
Operation: [C-* =G +C1]

o« a atf+y

B B a+p+y
yoy atf+y
o D:': 1
(a+5+7)|6 51
A
Operation: [R3 —R,-R, andR. >R, _Rll
s .Q': 1
(a+p+y)|B-a B - 0
v P —a® 0
-a (f-a)(ft+a
@+ pr) el
' r-a  (r-ea)(r+a)

. . . N (f+a)
(@+per)(p-a)r-a) L ¢
1 (r+a)

Class - Xll _ Maths
Ch. - 4 - Determinants
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(c+B+7)f-a)lly—a)y+a— -

(e +ﬁ+,}':|[—|'of—ﬁ:|:|l' ,}'—-::fil[—lﬁ—,}fl]
_(a+B+7)a=-B)(B-7)r-a)

=RHS

12.

x x* l4+px

I S e =(1+p1}2](_1:—}':l (}'—z](z—_ﬂ
z z? 1+p7

Solution:

LHS=

x x l+px
y ¥ 1+py
z z' 14p7f

1| |x x* px

bt
=
b

v _:L': 1+ v _:L': pvl_:-

z z= 1| |z = [ pz

We have two determinants, say A1 and A 2

=A1+A2

Operation: [R3 —R,-R,andR; =R, _Rll
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X i 1

v—x ¥ -x 0

z—x -x 1

v=x (y-x)(y+x)

I—x (z—x_][:z+ x)

. . N y+x
[yv—x|lz—x]|

z+x
_ (y=x)(z=x)(z+x—y-x]
= l.x_}':l|.}'—Z:|I'Z—_1;:|
Again:

x x  px
Ay=ly v pv

z z pzr
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Therefore: A1+ A2

LHS
_ly=-xlz-x)z—v)+paz(y-x)z—x)z—V)

(1+ poz)(y—x)z—x)(z—v)

= RHS
(Proved)
13. Prove that

3a —a+b —a+c
—b+a 3b —b+c|=3(a+b+c)(ab+bc+ca)
—c+a —c+b Jc
Solution:
LHS

3a —a+b —a+c
—h+a b —-bh+c
—c+a —c+b 3c
Operation: [C > Ci+Cy+ G
at+b+e —a+h —a+ec
a+b+c 3b —b+c
a+b+c  —c+b 3¢

1 —a+bh —a+c

(a+b+c)l b —b+c
1 —c+b 3c

Operation: [R3 —R,-R,andR; =R, _Rll

) 2b+a a-b
(a+b+c).1
Cla—-c le+a

I'c:r+b+|::I[I'Z.’J+c:r]l'Zf.+c:r:I—I'c;r—b:I I'a—c:I]

(a+b+c_][4bc+2ab +a -4 +c;rf.+c;rb—.’;:lc:|
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_3a+b+c)(ab+bctac)

= RHS
Hence Proved.

14. Prove that

1 1+p l+p+ag
2 3+2p 4+3p+2g|=1
3 643p 10+6p+3g

Solution:
LHS

1 1+p I+ p+g
2 3+2p 443p+2g
3 643p 10+6p+3g

_7 o
Operation: [R;>R,;-2R,; andR; >R, 3R ]
0 1 2+p
0 3 T+3p

11 2+ p
3 T+3p

—-0+0

— T+3p—-6-3p
=1
=RHS

Hence Proved.
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15. Prove that

singe coso cos|o+8)

sinf cosf  cos(f+8)|=0

siny cosy cos{y+38)

Solution:

LHS

sinct cos  cos(@+d)
sin f cosff cos(B+3)
siny cosy  cos(y+d)

sin ¢ cosd
sin 5 cos 3
sin ¥ cosy

3

. I
Operation: - -

Sifl F  COSCY

sin f cos 0

sin ¥ cosy

Sifl (F  COS

sin f cos 0

sin ¥ cosy

Sifl (¢ COSGf COsE

cos 5 cosf

sin ¥ cCosy  cosy

cos & sin 5

COs (X cos & —sin asin &
cos Scosd—sin Gsin

cos ycos J—sin Fsin &

C, = C,+(sind)C, |

COS (X COS & —sin gisind +sin orsin &
cos Scosd —sin Jsin & +sin Ssin &

cos ¥cos & —sin Fsin 3 +sin ysing

Cos GZCosd
cos Scosd

cos ycosd

Class - Xll _ Maths
Ch. - 4 - Determinants
NCERT Solutions

Column 2 and column 3 are identical, as per determinant property, value is zero.

= RHS
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16. Solve the system of equations

9 5 p)
:+E+E=4; i_E+L=1; E+E_£=j
x v =z x ¥y = x v =
Solution:

Let

1

1
—=U—=V l:u'
X Y z

We have
2u+3v+10w =4

dgy—Hv+iw=1; and
Bu+9v—20w=2

Below is the matrix from the given equations: AX =B
12 3 10 [u E
4 -6 5 ||v|=|1
6 9 —20||w| [2]

Let say

A=l4 -6 5
6

Then,
|A| = 1200 # 0
Al exists.

Cofactors of A are:
‘L'l!"ll = -5 ‘L"Ll: = 11'::':}"5_13 = -2

A, =130A, =-100A,. =0
"L‘Is'_:“-l = ?5:-%-_::: = 3[:':.;'&_33 :—2_].

and



2z g Cl - XIl _ Math
édsecu m! Ch. - Zs-sDetermin:nt:
EDUCATION NCERT Solutions

r7s 150 75

110 -100 30

| T2 _2
ada=L"% O

Inverse of A is

Ir 75 150 7571
di A 1
AT 110 —100 30
[A] 1200
|72 0 24|
Resubstitute the values, to get answer in the form of x, y and z.
Since AX=B
X=A1lB
Irz.-, 1 [75 150 751[4]
1 |
v | = 110 —-100 301
1200
| |72 o -24]2]
T | [300+150+150]

=L | 440-100=60

|
" T 1200
[wj | 288+0-48 |

| [600]
| 400 |

1200|
| 240

Which means:
u=%v=1/3andw=1/5

This implies:
x=1lu=2
y=1v=3
z=1lw=5
Answer!



2, - Cl - XIl _ Math
edsecu m! Ch. - Zs-sDetermin:nt:
EDUCATION NCERT Solutions

Choose the correct answer in Exercise 17 to 19.

x+2 x+3 x+la
x+3 x+4 x+2b
17.1fa, b, c arein A.P., then the determinant is X+ xE3 xtle :
(A)O (B) 1 (C) x (D) 2x
Solution:
Option (A) is correct.

Explanation:

Since a, b, carein A.P.
So,b—-a=c-b

Let
¥+=2 x=3 x+2a
A=lx+3 x=4 x=25
=4 x+=3 x+2c¢
_ F_ oY
Operation: [R, >R, R, and Re Ot oR, |
r+2 x+3 x+=2a
1 1 2(b-a)
1 1 2{c—b)

x+2 x+3 x+2a
1 1 2(b-a
1 1 2(b-a)
Row 2 and row 3 are identical, so value is zero.

=0
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[x 0 0]
o » 0

18. If x,y, z are non-zero real numbers, then the inverse of matrix A = 0 0 z] IS:
) ]
00

0 v 0
o0z
(B) .

' 0 0
x»z| 0 0
o0 7
© .
lx 0 0

1
—|0 v 0

XV |

100z
(D) .

1 1 0 0
— 1 0

XV |

’ 1

Solution: Option (A) is correct.
Explanation:

Tx 0 0]
|0

]
]
LetA="_ ‘

¥
0 2]
|Al = xyz # 0 ; (A" exists)
Now: Cofactors of A are:
‘L‘Is'll =}z, *L‘I!'-]_: = Dﬂﬂs_l_: = I:I

‘L‘I"Zl =D=A-:: = ."n'.Z=.L"L:3 =[:I an
‘%31 = D: *a!-_:: = D:.L"L_:_: =xv

d
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Therefore:
ga 1[0 70
ATZER D g 2 0
|A| xyz
0 0 x
Moo o0
0z
0 2 0
iz
0 0o 2
— by
- 0 0
0 v 0
00 z
1 sin & 1
—sin & 1 5in§|_.
19. Let A = -1 —sin® 1 4 where U =8 =27 then:

(A) Det (A) = 0

g(2.m)

(B) Det (A)

(C) Det (a) ='#*)

(D) Det (a) =17

Solution:

Option (D) is correct.

Explanation:
M1 sin &8 1]
—sinE 1 sin &

Let A = I_—1 —sin & 1 _I
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[Al|=2 +2sin"20#0; (A exists)
Since :

—1<sinf =1

O<sin"@=1

(The value of 6 cannot be negative)

So, 0=2sin’6=2

Add 2 in all the expressions:

Which is equal to

2=Det A=4





