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Chapter - Determinants

Topic-1: Minor & Co-factor of an Element of a Determinant,
Value of a Determinant

I MOQs with One Correct Answer

Let w1 be a cube root of unity and S be the set of all

=2 8]

non-singular matrices oftheform | @ 1 ¢

"yt ) ] I

where each of a, b and ¢ is either wor ®=. Then the number
of distinct matrices in the set S is 201
(a) 2 (b) 6 (c) 4 (d) 8

Consider three points
P=(—sin(p—-a).—cosP), O=I(cos(B—a).sinf) and

R =(cos(B—a +0).sin(f—0)), where 0<a.B.08 <

-
Then. [2008
(a) Plies on the line segment RO

(b) Qlies on the line segment PR

(c) R lies on the line segment QP

(d) P, Q, R are non-collinear

Consider the set A4 of all determinants of order 3 with
entries 0 or 1 only. Let B be the subset of 4 consisting ofall
determinants with value 1. Let C be the subset of 4
consisting of all determinants with value—1. Then

(@) Cisempty {1981 - 2 Marks]
(b) B has as many elements as C

() A=BuC

(d) B has twice as many elements as elements as C

! Integer Value Answer/ Non- Negative Integer

d|:a, b, e d, eci0,l1} and

G hied

|4 | € {~1L1}} where | 4 | denotes the determinant of A.
Then the number of elements in S is = A2
[Adv. 2024]
The trace of a square matrix is defined to be the sum ofits
diagonal entries. If 4 is a 2 x 2 matrix such that the trace of
A is 3 and the trace of 4° is ~18, then the value of the
determinant of 4 is [Adv. 2020]

Let Pbea matrix oforder 3 x 3 such that all the entries in P
are from the set {—1, 0, 1}. Then, the maximum possible
[Adv, 2018]

1lue of the determinant of Pis
—1++/3i ] bt o =
—,wherei= ,/_],andr,se {1,2,3}. Let

(-z2)' z
P= 25 ¢ | and I be the identity matrix of order 2.
Z z

'I'imn the total number of ordered pairs (r, s) for which
Pe=—is [Adv. 2016]

¢ Fill in the Blanks

it 4 30

|
S . | R ;
The solution set of the equation =f)as

1 2x 5x2
[1981 - 2 Marks]

QI L=
Let pA* + A2 +ra2 45k +1=|n +1 2~ a4
=3 A#sqd g

be an identity in ), , where p, g, r, s and  are constants.

Then, the value of ¢ is [1981 - 2 Marks]
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10. Let M and N be two 3 x 3 matrices such that MN = NM

11.

=

\@ 1 MOQs wath(hm&mmetm

L.

Further, if M= N? and M> = N*, then
(a) determinantof (M?+ MN?)is0

],-\d\.ll]l-ll

(b) thereis 3 x 3 non-zero matrix Usuch that (M2 + MN?)U

is the zero matrix

(c) determinant of (MZ+MN?)>1

(d) fora3 x 3matrix U, if (M= + MN?)U equals the zero
matrix then Uis the zero matrix

Consider the lines given by
L ix+3y=5=0;L,:3x—ky-1=0;L;:5x +2y—-12=0
Match the Statements / Expressions in Column I with

the Statements / Expressions in Column I1 and indicate
your answer by darkening the appropriate bubbles in the

4 x 4 matrix given in the ORS., [2008]
Column | Column I1
(A) Ll : Lz’ L, are concurrent, if (py k=9
6
(B) OneofL,, L,, L, is parallel (@ #k=- 5
to at least one of the other two, if
. : e
© L, L,,L;fromatriangle, if ) k= 5
(D) L,, L,, L, donot form (s} k=5

a triangle, if

PASSAGE

Let p be an odd prime number and Tp be the following set of
2 x 2 matrices :

12.

@:‘ 10

15.

a b
Tp=4A= :a,b,c €{0,1,2,....p—1
P { L q]a .c € P }} [2010]

The number of A in TP such that A is either symmetric or
skew-symmetric or both, and det(A) divisible by p is

@ (-1 (®) Z(p-1)

© (-17+1 @ 2p-1

The number of A in T_ such that the trace of A is not
divisible by p but det (A) is divisible by p is

[Note: The trace of a matrix is the sum ofits diagonal
entries.]

@ (@-1)@E*-p+1)
() (p-1)°

®) - @-17
@ (-1 @E*-2)

The number of A in T such that det (A) is not divisible by p is
(b) p° -
@ p* —pz

(a) 2;72
(© p-3p

Let a, b- c-bepusrtwe and not all equa . Show that the
a he

b c a

value of the determinant isnegative.

c a b
[1981 - 4 Marks]

Topic-2: Properties of Determinants, Area of a Triangle

LetP=[a;]bea3 x 3 matrix and let O = [b]] where
b= oty a; farlﬂ j £3. Ifthe determinant of Pis 2, then
the detcrminant of the matrix Q is [2012]

(a) 210 (b) 211 (©) 212 (d) 213

2
Ifd= [: } and | 4% | = 125 then the value of o is

L

[2004S]

(@ =1 (b) +2 () £3 (d =5

1 3 :
Let o= —EH?. Then the value of the determinant
1 1 1
1 e ®?| is (2002S]
1 t:n2 a:-4
@ 30  O30o-10© 30> @ 3ol-o)

1 X x+1
Iffix)=| 2x x(x=1) (x+1)x |then
3x(x-1) x(x-1(x-2) (x+1) x(x-=1)

f(100) is equal to [1999 - 2 Marks]
(@ 0 (b) 1 (c)y 100 (d) -100
The parameter, on which the value of the determinant

1 a a

cos(p—d)x cospx cos(p+d)x does not depend

sin(p—d)x sinpx sin(p+d)x
upon is [1997 - 2 Marks]
(a) a ®) p (c) d (d) x
If w(# 1)1is a cube root of unity, then
i 1sires o
feof 0 e e [1995S]
i =itg] el
(@ 0 (b) 1 (© 1 d o




7. Let @ be the complex number c0523—n+ isin %:E Then the

number of distinct complex numbers z satisfying

z+1 © @’
s+®> 1 |=0isequalto [2010]
®° 1 Z+ o

8.  For positive numbers x, y and z, the numerical value ofthe

1 log,y
log, x 1

log, z
log,, z

log, y 1

determinant
log. x
[1993 - 2 Marks]|

9.  The value of the determinant

1 a a2 —bc
1 b b - i
o/ 4 - IR 14,
1 c c2 —ab
[1988 - 2 Marks]
e il
10. Giventhat y=-9 isarootof| 2 x 2 |=0 theother
I < T <
[1983 - 2 Marks]
x »n 1| |a 5 1 15.
1. If|x y, 1|=|[a; b; 1 |thenthetwo triangles
x3.p 1| oy B 1
with vertices (x;,31), (x3,12), (x3,33). and (a;.h).
(ay,by), (a3,by) mustbecongruent. [1985-1 Mark|
12. The determinants
1 a bc 1 a a*
1 b ca|and|1 b b? |arenotidenticallyequal.
1 ¢ ab 1" & cz 16.
[1983 - 1 Mark]
! 57

13. Let |M] denote the determinant of a square matrix M. Let

T
g: [0, -2-} — R be the function defined by

where g(6) =7 (6)-1+ f[g—ej—l

po—
| 1 sin@ 1
f[9)=5 -sin@ 1 sinO+
-1 —sinf 1

sinm cos [9 + EJ tan (9 - E)
4 4
sin[BAE] —cos= log, [i]
4 2 L
cot [6 + E] log, [E)
4 4

Let p(x) be a quadratic polynomial whose roots are the
maximum and minimum values of the function g(8), and

p2)=2 2. Then, which of the following is/are TRUE ?

tan

[Ady. 2022]
(3+2) (1+342)
(a) pL 2 J <0 (b) pL 2 >0
(542-1) (siayay
) pL J)G (d) pL 3 J<0
Which of the following is(are) not the square ofa 3 x 3
matrix with real entries? [Adv. 2017]
(1 0 0 1 0 0
@) 1 B ®) 01 0
|0 0 1 05 O]
(1 0 B -1 0 o0
© 0 -1 0 d 0 -1 0
|0 0 -1 0= =1

Which of the following values of « satisfy the equation
(+a)? (1+20)? (1+3a)?
Q2+a) (2+20)° (2+30) |= 648027
G+a)’ (3+20)F (3+3w)?

[Adv. 2015]
@ -4 (b)) 9 © -9 (d) 4
6i -3 1
€4 3% 1y s then (1998 - 2 Marks]
% 3 d
@ x=3,y=1 (b) x=1,y=3
(© x=0,y=3 = sely =l

The values of 6 lying between 6 = 0 and 6 = n/2 and

satisfying the equation [1988 - 2 Marks]
1+sin20  cos?@ 4sin 460
sin?@  1+cos2®  4sind | =0 are
sin 0 cos’®  1+4sin40

@ 7n/24 (b) 5724 (c) 1ln/24 (d) =n/24.
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18. Leta and P be the distinct roots of the equation x* + x — 1

19,

20.

=(. Considerthe set T = {1, a0, B} Fora 3 x 3 marix M=
(a,}-)3x3, define Ri=a,+as+ag and Cj= .'91;'+ @y~ ay;
fori=1,2,3and;j= 1,2, 3. Match each entryin List-1 to the
correct entry in List-11.

List-1 List-I1
(P) Thenumber of matrices 1
M= (a,)s,; with all entries =
in Tsuch thatR; = CJ-=0
foralli,jis
(Q) The number of symmetric 2 12
matrices M = (ag)3><3 with
all entries in T such that
C;=0 for allj, is
(R)Let M = (a;);,, be a (3) infinite
skew symmetric matrix
such that a; € T for 23,
1> j. Then the number
of elements in the set
X X Q]Z
ylix,y,zeR, M| y|=[ 0 is 24.
= z —a53
(S) Let M= (a;)3, bea 4 6
matrix with all entries
in T'such that R;= 0 for
all 7. Then the absolute
value of the determinant
of Mis
©) 0 25.
The correct option is [Ady. 2024]
(@) M=) Q-2 ®->06) ((S)—=>()
(b) P)—>(2) Q—->@) ®->1) >3
© ®—2 Q—-® ®-=>0) ©E)=0) ag
(@ ®P)—=>(1) Q=6 R)->B) )—>1 ;
G) 10 [Subjective Problems
If Mis a 3 = 3 matrix, where det M= 1 and MM = I, where
*I” is an identity matrix, prove that det (M—1)=0.
[2004 - 2 Marks]
@ h e
Ifmatrix 4=|b ¢ a| wherea, b, c are real positive .

21.

& b

numbers, abc = 1 and A4 = 1, then find the value of
a+b5+c. [2003 - 2 Marks]

Prove that for all values of @,

Bl17
| sinf cosf sin20
| & j.;
' sinL9+——1) cos[9+2—n] sin[29+4—n] =0
3 3 3
sin [9——2—75] cos(ﬁ—z—nj sin[29~4—n]
3 3 3

{2000 - 3 Marks]

Leta>0, d> 0. Find the value of the determinant
[1996 - 5 Marks]

1! 1 1

a a(a+d) (a+d)(a+2d)

1 1 1
(a+d) (a+d)(a+2d) (a+2d)(a+3d)

1 1 1
(a+2d) (a+2d)(a+3d) (a+3d)(a+4d)

For all values of 4, B, Cand P, O, R show that
[1994 - 4 Marks]

cos(4—P) cos(4—-0) cos(A—R)
cos(B—P) cos(B—Q) cos(B-R)=0
cos(C—P) cos(C-Q) cos(C—-R)

For a fixed positive integer », if [1992 - 4 Marks]

nl (m+D! (n+2)
p= @+l (n+2)! (n+3)!| then show that
(n+2)! (n+3)! (n+4)!
D__a/ isdivisible by n.
(n!)
p b e
Ifa=p bzg.czrand|a g c¢|=0.Thenfindthe
a-~b r
valueof P, 9 . 7 [1991 - 4 Marks]
P=a lg=b"n—¢

Let the three digit numbers 4 28, 389, and 62 C, where 4, B,
and C are integers between 0 and 9, be divisible by a fixed

A 3 6
integer k. Show that the determinant |8 9 C| is
ZUSB D
divisible by £. [1990 - 4 Marks]
a-—1 n 6

Let Aa=|(a -1 2n° 4n-2 |.Showthat
(a — 1)3 3 3% -3n

n
Y Aa=c,a constant. [1989 - 5 Marks]

=1



818
28. Show that 29.
+2
xcr XCH—I xcr+2 xcr I+1C?‘+] & Cre2
- / ) +1 +2
Ycr }Cr+1 = Criz | = : C, )+I Cra 2 ! ?Cr+2
zcr i cr+l ErCr+2 G = Cr+1 -T-Cy--—:

[1985 - 2 Marks]

Without expanding a determinant at any stage, show that

_‘c2+_r x+1 x-2
2x243x-1 3x  3x-3|=xA+B,wheredand Bare
2 +2x+3 2x-1 2x-1

determinants of order 3 not involving x. [1982 - 5 Marks|

of Matrix, Rank of a Matrix

1. Let Mbea2 %2 symmetric matrix with integer entries. Then

M is invertibleif [Adv. 2014]

(a) The first column of M is the transpose of the second
row of M

(b) The second row of M is the transpose of the first
column of M

(c) M is a diagonal matrix with non-zero entries in the
main diagonal

(d) The product of entries in the main diagonal of M is
not the square of an integer

1 0 0 [1 0 0
y. A=10 1 Ll zpnd I=|0 1.0 and [20058]
0 2 4 0 0 1

. -
A= [g( A +cA+ fﬂ)J ,then the valueof cand dare -

@ 6.-1)®) 611) (© 6,11) (@) (6-11)

&) © | Integer Value -Negative Inte
3. Letkbe a positive real number and let
2%k-1 2k 2k 0 2k-1+k %
A={2Jk 1 -2k |and B=[1-2k 0 2%
e —JkE -2k ©

If det (adj 4) + det (adj B) = 10°. then [k] is equal to
[Note : adj M denotes the adjoint of square matrix M and
[4] denotes the largest integer less than or equal k. [2010]

4. Forany3 x 3 matrix M, let |M] denote the determinant of M.
Let

. 2.3 1-40+=0 I
E=|2 3 4,P=|0 0 l|andF=|8 18 13
g8 13 18 010 2 4 3

If Qs a non-singular matrix of order 3 x 3, then which of
the following statements is (are) TRUE ? [Adv. 2021]

iﬁ] Topic-3: Adjoint of a Matrix, Inverse of a Matrix, Some Special Cases
=]
e

1 00
(a) F=PEPandP2=|0 1 0
00 1

(b) ‘EQ+PFQ‘1‘=|EQ|+‘PFQ"{

© ‘(EFﬂ > |EF

(d) Sum of the diagonal entries of P~! EP + F is equal to
the sum of diagonal entries of E + P~ FP

Forany 3 x 3 matrix M, let |M| denote the determinant of M.

Let / be the 3 x 3 identity matrix. Let £ and Fbetwo 3 x 3

matrices such that (/- EF) is invertible. If G= (/- EF),

then which of the following statements is (are) TRUE?

[Ady. 2021]
(a) |[FE=|I-FE|FGE|  (b) (I-FEYI+FGE)=1I
(c) EFG=GEF (d) (I-FEXI-FGE)=1I

Let Mbea3 = 3 invertible matrix with real entries and let /
denote the 3 * 3 identity matrix. If M ! = adj (adj M), then
which of the following statements is/are ALWAYS TRUE?

(@) M=1 (b) det M=1  [Adv.2020]
(c) M*=I (d) (adj M)y*=1I
1 00 1 0 0] 01 o‘l
LetB=I=|0 1 0|,B=(0 0 1[,B=|1 0 0],
00 1 o 11 1*7 | o)1
01 0] =1 (0 0 1
P=|0 0 1|,A=[1 0 O,B=[01 0
1 0 0 [010] _100]
e 12 173
and X=YR|1 0 2|Bf
=3 0201

Where B! denotes the transpose of the matrix P_. Then

which of the following options is/are correct? [Adv. 2019]
(a) Xisasymmetric matrix

(b) The sum of diagonal entries of X is 18

(¢) X—30/isan invertible matrix

1 1
(d If X|1|=0fl|, thena=30
1 1




b
H

Given 2x—y+2z=2,x-2y+z=—4,x+y+Aiz=4
then the value of A such that the given system of equation
has NO solution, is |26045]

Determinants B19
O B [ e A (b) MN-—NM is skew symmetric for all symmetric matrices
8. Letm=|1 23 mdm@ﬁﬂ={% =% 3}wmm Mandh
3601 S D] (¢) MNis symmetric for all symmetric matrices M and N
fz and b are real numbers. Which of the following options (d) (adj M) (adj N)=adj (MN) for all invertible matrices M
is/are correct ? [Adv. 2019] and N
(@ at+b=3
(b) det(adj M?) =81 11.  Let M and N be two 3 x 3 non-singular skew- symmetric
© (adiM)y +adiM' =M matrices such that MN = NM. If PT denotes the transpose
of P, then M°N? (M™N)~! (MN-1)Tisequalto  [2011]
o |
s (@) M? (b) —N? (€ -M?* (d MN
@ Irm|B|= i then o~ B+y =3
Y el o = : e
-;Q}{ i n/Passage | c
el 1 2 x x PASSAGE
9. LetxeRandlet P={0 2 2{,0=|0 4 0]and L 0 0
0 3 X6
Let A=/2 1 0|, and U,, U, and U, are columns ofa 3 x 3
R=PQP"! Sy T :
Then which of the following options is/are correct? ; o
[Adv.2019] matrix U. If column matrices U,, U, and U, satisfying
2 1 B B
(a) det R=det|0 4 0[+8, forallxeR AU =|0|, AU, ={ 3|, AU; =| 3 | evaluate as directed in the
3
o bles o P L0 0 1
(b) For x = 1, there exists a unit vector ai+pj+yk for following questions. 2006 - 5M, -2
12. The value|U}is
a 0 3
which R| B |=]0 (@ 3 (b) -3 = (d 2
vl |0 2
(c) There exists a real number x such that PQ = OP 13.  The sum of the elements of the matrix U is
1 1 (@ -1 (b) 0 © 1 d 3
(d) Forx=0,if R|a|=6|a|.thena+b=5 3
b 2 14. Thevalueof[3 2 0] U2 | is
10. For 3 x 3 matrices M and N, which of the following 0
statement(s) is (are) NOT correct? [Adv. 2013] 1 :
5
(@) NTMN is symmetric or skew symmetric, according as (@ 5 (b) 5 (c) 4 (d) %
M is symmetric or skew symmetric
@é Topic-4: Solution of System of Linear Equations
Thenumber of 3 x 3 matrices A whose entries are cither 0 i et e it e e
ax +z = 0 has infinite solutions, then the value of ¢ is
El g [2003S]
or 1 and for which the system A|y [=|0| has exactly @ -1 ®) 1
z| |0 (¢ 0 (d) no real values
two distinct solutions, is [2010] 4. Thenumber of values of k for which the system of equations
(@ 0 (b)) 2°-1 (c) 168 (d 2 (k+1)x+8y=4k; kx + (k+3)y=23k—1 has infinitely many
] (k+3), ymany

[2002S]
infinite

solutions is

(@ 0 (b) 1 (c) 2 (d)




B20

5. If the system of equations
x—ky—z=0,kx—y—-z=0,x+y—z=0hasanon-zero
solution, then the possible values of k are [2000S]
(@) =12 “{b)y"L,2 (c) 0.1 (@ -1,1

6. Leta, b, c be the real numbers. Then following system of

equations in x, yand z [1995S]
LA S e e

a’> b ? R T

2 P 2

=it == b = =] hals
ALl RSy
(a) no solution (b) unique solution
(c) infinitely many solutions (d) finitely many solutions

;‘@_ A v S y: e 5T s

7.  Fora real number a, ifthe system

1 a o?[x 1
WE FONOHEY of linear equations, has
a2 a 12

infinitely many solutions, then 1+ a.+a% = [Adv.2017]
Question Stem for Question Nos. 8 and 9
Let a, B and y be real numbers such that the system of linear

equations
x+2yt3z=a
4x+5y+6z=0

Tx+8y+9z=y-1
is consistent, Let |M| represent the determinant of the matrix

o. 2
M=p 1 0
=1 0 1

Let P be the plane containing all those (a., B, v) for which the
above system of linear equations is consistent, and D be the
square of the distance of the point (0, 1, 0) from the planeP.

8.  The value of |M|is : [Ady. 2021]
9. Thevalue of Dis

[Adv. 2021]

The system of equations
M+y+z=0
—x+Ay+z=0
—x—y+hz=0
Will have a non-zero solution if real values of A are given
[1984 - 2 Marks]

11.

12,

Let p, g, r be nonzero real numbers that are, respectively,
the 10®, 100® and 1000™ terms of a harmonic progression.
Consider the system of linear equations

xtytz=1

10x+ 100y + 1000z=0

grx+pry+pgz=0. [Adv. 2022]
List-1 List-11
g 10 1
(0 lf:=10,thenthe (P) x=0,y=?.z=—aasa
system of linear solution
equations has
10 1
i) If%*lOO, thenthe (Q) x=5-y=~5.2=0
system of linear solution

equations has

(m)lffi 10, thenthe (R) infinitelymany

system of linear solutions

equations has

av) If f;" =10, thenthe (S) no solution

system of linear
equations has
(T) at least one solution

The correct option is:
(@ (@ —(T); () — R); (I —>(S); AV) = (T)
() (1) —(Q): (1) —(S): () = (S); AV) > (R)
() () —(Q); () — (R); () — (P); IV) = (R)
(d) (1) —(T); AD) - (S); () — (P); AV) = (T)

LetM (aij ).1,j € {1,2,3}, be the 3 x 3 matrix such that
a;=1 ifj + 1 is divisible byi, otherwise a; =0. Then which

of the following statements is(are) true?  [Adv. 2023]

(a) Misinvertible.
a

(b) There exists a nonzero column matrix | 2 | such that

=3
a; —ay
M @ || =82
a3 —ay
0
(©) Theset {XeR?:MX =0} {0} where0O=|0}
0

(d) The matrix (M —2I) is invertible, where L isthe 3 x 3
identity matrix.




& K

b

13.  Let S be the set of all column matrices | b, | such that b,

bs

b,, by, € K and the system of equations (in real variables)
= +2y+5z=5
2x—4y+3z=b,
x—2y+2z=b,
has at least one solution. Then, which of the following
system(s) (in real variables) has (have) at least one solution

by
for each | b,

by
(@ x+2y+3z=5b,4y+5z=byandx+2y+6z=b,
(b) x+y+3z=b},5x+2y+6z=byand-2x—y—3z=b,
(€) —x+2y—5z=bj,2x—4y+10z=b,andx—2y+5z=b,
(d) sx+2y+52=bl,2x+3z=b2andx+4y~52=b3

e §? [Adv. 2018]

14. Let a,A,u,€ R. Consider the system of linear equations

ax+2y= )
3x—2y=H
Which of the following statement(s) is (are) correct?
[Adv. 2016]
(a) Ifa=-3, then the system has infinitely many solutions
for all values of » andpt.
(b) Ifa -3, then the system has a unique solution for
all values of ) andp.

(c) If A+p=0, then the system has infinitely many
solutions for a = -3.

(d) If p+u =0, then the system has no solution for
a=-3.

i5. Let o, B and y be real numbers. Consider the following
system of linear equations [Adv. 2023]
X+ 2y+z==1]
x+az=11
2X—3y+Bz=y
Maich each entry in List-I to the correct entries in List-II.
List-I List-11

P) Ifp= %(7& —3)andy=28, (1) aunique solution

then the system has

Q) Ifp= %(?a —3)andy#28, (2) no solution

then the system has
®R) Ifp= %(?a —3)wherea=1 (3) infinitely many

and y # 28, then the system has  solutions

@ 5 Compreh

B21

(S) Ifﬂ:%{?ﬁ—Bl\t’herecz:l (4) x=11,y=-2and

z=10 asa solution
(5) x=-15,y=4and
z=0 asasolution

and y =28, then the system has

The correct option is:

@@ P)->03),Q->2LR)->(1.(5->@
®) P)>03),(Q—->2)R)—>(5).(8=>1®
©) P)>2),Q->10)R)—>4).(5—>(05)
(d) (P)>(2),(Q) —(1),(R)—>(1),(8)>(3)

PASSAGE

Let %/ be the set of all 3x 3 symmetric matrices all of whose

entries are either 0 or 1. Five of these entries are 1 and four of

them are 0.
16.

17.

18.

[2009]
The number of matrices in . ©is

(@ 12 (b) 6 © 9 d 3

The number of matrices 4 in . %/ for which the system of
linear equations

e
U

I
o D e

has a unique solution, is

(a) lessthan4

(b) at least 4 but less than 7
(c) atleast 7 but less than 10
(d) atleast 10

The number of matrices 4 in . % for which the system of
linear equations

x 1
Aly|=|0
z 0
is inconsistent, is
(a) 0 (b) morethan2
(¢) 2 @ 1

19,

Consider the system of equations

x=2y+3z=-1

—x+y-2z=k

x=3y+4z=1
STATEMENT - 1 : The system of equations has no solu-
tion for k=3 and
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1T =3 =1
STATEMENT-2 : Thedeterminant -1 -2 k|#0,for
- i O

k#3. [2008]

(a) STATEMENT - 1 is True, STATEMENT - 2 is True;
STATEMENT - 2 is a correct explanation for
STATEMENT - 1

(b) STATEMENT - 1 is True, STATEMENT - 2 is True;
STATEMENT - 2 is NOT a correct explaination for
STATEMENT - 1

(c) STATEMENT - 1 is True, STATEMENT - 2 is False

(d) STATEMENT - 1 is False, STATEMENT - 2 is True

a 0 1 el o f a* x
20, If A=|1 c b|,B=|0 4 clU=|ghE={0 :X=]3
1 d b f g h h 0 z

and AX = U has infinitely many solutions, prove that

21,

14
(]
.

then BX = V has no sclution. [2004 - 4 Marks]
Let A and a be real. Find the set of all values of & for which
the system of linear equations [1993 - S Marks|
Ax+(sina)y+(cosa)z =0,

x+(cosa)y+(sinat)z =0,

—x+(sina)y —(cosa)z=0

has a non-trivial solution, For A = 1, find all values of o,
Consider the system of linear equationsinx, y, z:

(sin 30) x—y+z=0

(cos 20) x+4y+3z=0

2x+Ty+72=0

Find the values of @ for which this system has nontrivial
solutions. [1986 - 5 Marks]
For what value of k do the following system of equations

possess a non trivial (i.e., not all zero) solution over the set
of rationals 07

x+hky+3z=0
Ix+ky—2z=0
2x+3y—4z=0
For that value of £, find all the solutions for the system.

BX =V has no unique solution. Also show that ifafd = 0, [1979]

g Answer Key
Topic-1 : Minor & Co-factor of an Element of a Determinant, Value of a Determinant

E i{a) 2. (d 3. (b) 4. (16) B 1n) 6. @4 (1) 8 -L2) 9. (0) 10. (a,b)

1. (A)s;(B)yp,q:(C)r;(D)-p,g.s 12. (d) 13. (¢) 14 (d)
Topic-2 : Properties of Determinants, Area of a Triangle

L @@ 2 © 3. (b) 4 @ 5 @ 6 @50 80 9. 0) 10. 2,7)

11. (False)12. (False) 13. (ac) 14. (bd) 15. (be) 16. (d) 17. (ac) 18. ()

Topic-3 : Adjoint of a Matrix, Inverse of a Matrix, Some Special Cases of Matrix, Rank of a Matrix

5. (abc) 6. (bcd) 7.(abd)8. (acd) 9. (ad) 10. (c.d)

Topic-4 : Solution of System of Linear Equations

. (cd) 2 (© 3 @ 4. (a,b,d)

i @ 1@ 15om TN

L (a 2. (b 3. @ 4. B S5 @
1. (b) 12. (bo) 13. (a,d) 4. (bed)15 (a)

6. (d)
16. (a)

7. @)
17. ()

8. (1)
18. (b)

9. (15) 10. (0)
19. (a)




Hints & Solutions

Topic-1: Minor & Co-factor of an Element of a

=) Determinant. Value of a Determinant
L (a) For the given matrix to be non-singular
= e
ay LS elE0
o’ o 1

=l-(atclm+ acmg#l:l::»{l —am) (1l —cw)=0

= a # o° and ¢ # ©*, where ® is complex cube root of
unity.

As a, b and ¢ are complex cube roots of unity.

a and ¢ can take only one value i.e. @ while b can

take 2 values ie. w and @~

Total number of distinct matrices in the set S
=1x1x2=2

2. (d) Given : Three points P(—sin(B—a),—cosB),
QO(cos(p—a),sinP) and R(cos(P—a +0),sin(B - 0)),

where 0<OL,B.9<;

1 1 ]
w A=|-sin(B-a) cos(B-a) cos(B-a+6)
—cosf sinf sin(jp —6)
[Cy = Cy —(C,sinB +C; cos)]
| 1 1
A=|-sin(B-a) cos(f-a) 0
—cosfp sinf 0

= (1 -sinf —cosB)[cosPcos(p — a) —sinBsin(P —a)]

1-sinf —cosb)|

=[1-(sin6 + cosB)] cos(2p —a)

: n
-0 < a.ﬁ,8<z. . sinB+cosB =1

T
Also 2p-a<— = cos(2p-a)=0

. A #0 = Three given points are non-collinear.

3 (b) For every “determinant, with value 1’ (€ B) we can find a
determmant with value — 1 by changing the sign of one
entry of ‘1’

Hence there are equal number of elements in B and C.
. (b) is the correct option
4. (16)Al=—(e-d)+c(b-a)==1
Case(i):c=0=e-d==1
= (e,d)=(1,0), (0, 1) =2 ways
b and a can be each 2 ways
= Total =1 x 2 x 2 x 2 =8 ways

Case(il):c=1

—>d-etb-ag==1

e a brd e
o e B 1
1 1 1 0 1;=4%x2=8ways
1 010
I =00l

Total = 16 ways
(5) - Thetrace of Ais 3.

X y
Let 4 =|: : }
z 3-x
Now A% = | autiprie
Lz 3—xllz 3—x

[l
{ X2

5
xz+3z—-xz yz+9+x" —6x

w+3y—xy

4 2+ vz 3y Aot
A= y s
3z yz4+9+x —6x| 2 > X
' X+ xyz+3yz y+1tz+9y=3xy 1
[B3xz+y2? +9z4 72— 6xz 6)z+27+3x7 —18x— 12 —9x—x" + 6x” |
Given that trace of A is —18

L +xmz+3yz 4+ 6yz+27 +322 - 18x—gz—9c— x> + 6x2 =
18

= 9+ -27x+27=-18=jz+x2-3x+3=-2

=5 Syl z=5 Zes i 1)

Now, |A|=3x-x%— 3z

Al=35 From (i)

a ,>| Cl
@) LetDet (P)=la, b ¢

a b o
= ay(byey — byey) — as(bycy — byc)) + as(bycy — bye))
| ay = 1, a,=-1, ay = 1, bzc‘3 =b]c1 =bc, = 1

and by ¢y = by, = ‘i’z"| =—1

Then maximum value of Det (P)=6
But it is not possible as
(bye3) (B ¢;) (bye;) =~ 1 and (B1e3) (byey)(byey) = 1
1.e., b bybscicoe; =1 and -1
Similar contradiction occurs when
a=la,=1,a,= 1, byey = bye = b, =1
anc[ bycy = bioy = byey = 1
Now, for value to be 5 one of the terms must be zero but that will
make 2 terms zero which means answer cannot be §

=]

Therefore, maximum value is 4.
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=14 1 -3
7. @ z=1+Tl\E:>zJ=landl+z+z =0 (B). For Kljfg omersnd gl
X {(—z)r zzs][(—z}r zzs] andLQHL;:s%:_Tk::k:-g
pl=
gl - B) > ). @

2r 4s

FEE z?'s((-z)r-Fzr)

zZs ((_Z)r +Zr) 7% 4 2

For P2 = — 1, we should have

2 48 =_land 28 ((—2)f +2)=0
=2+ 7%+ 1=0and(-2)' + =0

= r is odd and s =r but not a multiple of 3,
which is possible whens =1 = |

*. only one pair is there.

D et
Given: |1 -2 5 |=0
1 2x 5x%

Clearly on expanding the det. we will get a quadratic

equation in x.

Therefore, it has 2 roots. We observe that R; becomes identical

toR, ifx=2. Loatx=2,A=0

Hence, x = 2 is a root of given equation

Similarly, R, becomes identical to R, if x=— 1.
v atx=-1, A=0

Hence, x = - 1 is a root of given equation
Therefore, the equation has two roots —1 and 2.

As given equation is an identity in A, it must be true for all values

of A and hence for A = 0 also.

0 =] =3
Onputting L.=0weget, t={1 0 —4{=0
-3 4 0

10. (a,b) Given : MN = NM, M = N* and M? = N*,

11.

Then M?=N*= (M+ N3 (M-NH)=0
= @OM+N2=0andM-N2#0

(if) M+ N} =0and M- N%|=0
In each case [M + N2|=0
o M2+ MN?| = M| M+ N¥=0
.. (a) is correct and (c) 1s not correct.

Also we know if |A| = 0, then there can be many matrices

U, such that AU =0

o (M2 + MN?)U = 0 will be true for many values of U.

. (b) is correct,

Again if AX =0 and |4| = 0, then X can be non-zero.

.. (d) is not correct.
A->s;B=>p,q;C—>r;D—=>p,q,s

The given lines are

Li:x+3y-5=0
Ly:3x—ky—-1=0
Ly :5x+2y—-12=0

(A) Three lines I;,L,,Ls are concurrent, if

Jps 3008
13 —k 1|=0=13k-65=0=>k=5
[§- 2. =P
S (A)—>(s)

12.

13.

14.

15.

E_J

1

©

(D)

(d)

()

@

Three lines L, L,, L, will form a triangle if no two of them
are parallel and no three are concurrent

k=5 -9-6/5 - (O)->r

Three lines Ly,Ly,L; do not form a triangle, if either any
two of these are parallel or the three are concurrent i.e.

k=5,-9,6/5 = (D)= (p)(g)(s)

b

!aQbicG{UQI)ZJ""Jp_l}
a
IfAis skewz-sylmneu'ic matrix, thena=0,b=-¢
s |Al==b
Thus, P divides |A|, only when b = 0. ...(i)
Again, if A is symmetric matrix, then b = c and |A| = &% - ?
Thus, p divides ||, if either p divides (a — b) or p divides (a
+ b)

a
Given, A= =

P dj\;'idcs (a— b), only when a = b,
ie. a=be{0,1,2,...(p-D}

i.e. p choices ..(ii)

p divides (a + b).

= p choices, including @ = b = 0 included in Eq. (i).

.. Total number of choicesare (p +p—-1)=2p -1

Trace of A4 = 2a, will not divisible by p, iff a #0.

|4| = a* - be, for (a® — bc) to be divisible by p. There are
exactly (p — 1) ordered pairs (bi ¢) for any value of a.

. Required number is (p — 1)~

The number of matrices for which p does not divide Tr (A)
=(p - 1)p? ofthese (p — 1)? are such that p divides |A|. The
number of materices for which p

divides Tr (4) and p does not divides |A| are (p — 1)2.
l%equizred number=(p— 1) p2 - (p— 12+ (p - 1)2

On expanding along R,, we get

a
b
c

b ¢

€ al = gbc—a®)-b(b%-ac)+clab-cd)
a b

=3abc- @ - b’ - =— (@ + b* + & - 3abc)
=—(@a+b+c)[a*+b*+ - ab- be-ca]

1
== (a + b+ ) [2a% + 2b% + 262 — 2ab — 2be — 2ca]

=—% (@+b+c)[@—by+@b-cy+(c-ay]
Asa b c=>0

a+b+c>0

Alsoa#b #¢

(@a-bP+pb—-cP +(c—a’>0

Hence value of the given determinant is negative.

Topic-2: Properties of Determinants,
Area of a Triangle

(D

22(-1“ 23012 246‘13
3 4 5
|QI 5 (253 2 arn 2 a3

4 5 6
2°ay 2ayp 2ay
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On expandmg along C,, we get
apy a2 as A=(1+a*- 2a cos dx) [sin (p + d) x cos px
2 2 2 — sin px cos (p + dx]
=929354 | %421 A San = A= (1 +a? - 2a cos dx) [sin dx], which is independent of p.
S 2 2 2
Xay 20, 26y 1 1+i+wt o
ay ap a3 6. (@ [1-i =1 |
9 2
=222 dr] 4m == —f+n—1 3

2 (c)
3 (b)
4. (@
5 (b)

az} =2]2><|Pi=212x2=213
a3 =32 a3

A:{“ 2} and| 43| =125 = |4 P =125
2o

b |A|-m-4Nuw!3 AP =125
= (a2-4P=125=5 2a?-4=5=a=%+3
g {3
Given that m:——+i£.then m2 =_E_17 -
Alsol +o+o*=0andw’ =1 ;
1 1 1 1 1 1
Now A=|l -1-0® o?|={l 0 o
1 m2 o' 1 & ®
(v~ o=-1-0’and@’=1)
[C,=C +CG+ G
b 1
A=l0 o o (: 1+o+a2=0)
0 0 o

On expandmgalong C y we get
A=3(@?-0h=3(0*-0)=3v(@-1)

1 X x+1
flx)= 2x x(x-1) (x+1)x
Ix(x—1 x(x-D(x-2) (x+Dx(x-1)
[C,=>C + (]
x+1 x x+1
= (x+1)x Zx—1) (x+Dx

(x+Dx(x-1) x(x-D(x-2) (x+1x(x-1)
=0 [ C, and C; are identical] ,

which is mdependent of x, so the function is true for all 8.

valuesof x. .. f(100)=0

1 a a®

Let A=|cos(p—d)x cospx cos(p+d)x

sin(p—d)x sinpx sin(p+d)x
Applying C; — C; + C3

1+a? a a*

= A=|2cospxcosdx cospx cos(p+d)x

sin px  sin(p+d)x

[C; = C| - (2c0s dx)C,]

2

2sin pxcosdx

1+a® —2acosdx a a
cospx cos(p+d)x

0 sin px sin(p+d)x

[Rl—>R|—R2+R3]=0
0 0 0
wfl=—f

e o

. 2m —l+i\/§

0) Gi W= coszn+1sm—
g 3 3 2

2
[ | ('.'1+(ﬂ+&)2=0)

sl+o+e’=0ande’ =1
2

z+1l © (0]
2
Then (@ z+® 1 =0 [C; = G +C, +Cy]
®° 1 Z+®
z+l+e+0’ © ®*

= [z41+0+0°

z+l+w+w0> 1

Z+w
1 (0] o’
=z|l z+0? 1 [=0
1 1 Z+®

= ;:[l(zz + 20+ 20° + 0° ~l]-—m(z+m—l)+

mz(l—z—m2]=0}
= z| 22 |=0=>2 =0=2=0
]

. z=0is the only solution.
Given that x, y, z are positive numbers, then value of

1 log,y log,z

D =|log, x 1 logy z
log,x log,y 1
) logy logz
logx logx
log x log:z logy a = log a]
o b LSS l\ & logh
log y logy
logx logy 1
logz log:z
: 1 1 1 ==
Taking 2 and commeon from B, B, =nd 7.
logx logy logz = :
respectively
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logx logy logz a a* | h a &
= logx logy logz = 2 4 2 2
log x log y log z g B SNeeae =16 b U= b b
logx logy logz| - 2
AR | IFeg*Se
2
I a a-be [€, < C;andthen C, < (5]
9. |1 b b’-ca [Ry= R~ Ry Ry> R - Ry 1 a a*
1 ¢ 2-ab =1 5 b?|. Hence statement is false.
. § 2
0 a-b (a-b)a+b+c) A
| 3.
0 b-c [b—c}(a+b+c'}| ) .
2 : 1 sin @ 1
ke e, < f@)=3|-sin® 1 sing+
0°1 a+biel SRl =5ing - -1
=(a-bb-c) (0 1 a+b+c|=0 i %
” sinn cas{6+—] tan(ﬁ-——]
1 ¢ c¢*—ab 4 4
X J sin[ﬁ—gj —cosg log&,(i]
10012 % 2=0,[R1—>R|+R2+R3] %
TG cot[@+£] loge[f—] tan
4 4
x+9 x4+9 x+9 Loeds il 5 in® I
2 xo2/]=03@+92 x 2[=0 fEEyi
! p TR :50 1 sin @) +
X
0 —sin® 1
[6;> €~ €. 6 G-
P 0 —sin(@-:}} ran[e_ﬂ
= (x+9)2 x-2 0 |=0
i sin[e—ﬁ] 0 loge(iJ
Expanding along R, f =
= FtNGE-2)(x=7=0=x=-92 7 T 4
7. Other roots are 2 and 7. —tan 'B“j“ —log, = 0
X by i a b 1
11. (False) X » li=lay b 1 Here cos(ﬁ+§)=—sin[8—£—)
X3 N 1 (251 b3 1
and tan(B-EJ=—cot g4
l-"]}’llla]bll 4 4
= 5 X ¥ 1 ZE ay bz 1 4 o
x3 oy 1| Tlay by 1 and log, 2 TBely
= area (A) = area (A,), where A, is the area of triangle with : *
vertices (x;, ), (x,, ¥,) and (x;, y) and A, is the area of triangle Also sin 1= —cos 5 tan ©=0
with vertices (a;, b,), (a,, b,) and (a5, b,). But two A’s of same f6) =1+ sin%
area may not be congruent. 8(0)=|sin0|+|cosB|
2 e L U I e - maximum and minimum values are /2 and 1 respectively
i a a* abc g(B)E[l.\@]
1 2 Y, o
b cal=—1Ib b? abe P(x)—a[x ZJ(x—l), where aeR - {0},
12. (False) abce 5
¢ ab ¢ ¢ abe But P(2)=2-+2thena=1

P(x)=(x=2)(x~1)
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o[3+42)_(3-32) (Y21} o
L 4 b 4 | 4
P’"usﬁ}_f1—\5“__"3\3-3"(0
L\ 4 s .\ 4 :\ 4
(5\;3-1‘ (V2-1] [2=5)
|2 Jid % 3
Pf«-ﬁ}_[’s-su’f\[f'l—{i“w
L 4 o, 0

(a) and (c) and correct.
14. (b,d) In options (2)and (c) |A- =_'1
and in opti n{!;‘)and{d):.ﬁ*énl
Since |A“| = |Al- and A== -1
= Matrices given in options (b) and (d) cannot be the
squares of any 3 * 3 matrix with real entries.
(+a)? (1+2a)? (1+3a)’
15 (o |2+a) @+20)° (2+30)

G+0) (3+20)° (3+3a)’

[R,—> R, ~ Ry, Ry = Ry~ R,]
A+a)? (1+20) (1+3a)?

2o+3 4o +3 6o+3 |=-648a
200+5 4o+ 5 6o+ 5
[Ry— Ry R,)
(+a)? (1+20) (1+3a)?
2| 2043 4o +3 60+3 |=-648c
1 1 1
[C,— C3= C1.C3=> C3 = Gy
(+a) aBa+2) ada+2)
200+3 2o 2o = -324a
1 0 0
20(-20)=-3240 = o* —8la=0=0=0,9,-9
6 <Al e L |
16. @ |4 3 -ll=x+iy=-3il4 -1 -l=x+iy
M 3 i M A
[ C,and C; are identical]
= 0=x+ip . x=0,y=0
17. @) |1+sin2®  cos’®  4sin46
sin?@ 1+cos’®  4sin40|=0
sin” @ cos2 @ 1+4sin40
Applying C, > C, + C,
2 cos’®  4sin4@
2 1+cos’® 4sin48 |=0

1 cos’® 1+4sin40
Applying R, > R,—R, ; R, > R,— R,

18.

19.

0 - 0|

] 1 -1l=0

1 cos-8 1+4sin40

— [I+4sin 48+1]=0

= 2{1+2smd48)=0 > 5m4.ﬁ=—%

— 40=2+x/6 o 2x—-=x/6

= 40=T7r/6 x1lx/6 = 8=Tn/24 or lin/24

(©) a.Barcrootsof ©+x—-1=0

~a+tf=—-1=1+a+f=0

[ay @z a3

M=|%1 22

L@ an

[1 « B]

®) M=|a B 1|=>3x2=12
B 1 a

0:35

|
a3 |

For one arrangement of row 1 we can arrange other
two rows exactly in two ways and row 1 can be ar-
ranged in 3! ways
23! x 2=12 ways

l a B

QM=|a B 1
B 1 «

1, a, B can be arranged in 3! ways and corresponding
entries can be arranged in 1 way.

0 a bdlixl| |a

ayt+bz=a

—ax+cz=0

-bx—cy=-¢

It is observed that D =D, = DY= D,=0
.. infinite solution

1 a B
OF
a 1 B

= op=1-ap?+a?+p%-a?p =0(since ap=a+P=-1)
Given : MMT = [, where M is a square matrix of order 3 and det
M=1.
Now det (M— I) = det (M—MMT} [- MMT =1

= det [M (I - MT)]

= (det M) (det (/- M™))

[~ |[4B]|=|4||B]
= - (det M) (det (MT - 1)
=~ [det (M7 - )] [~ det (M) = 1]
Sdet(M-I)=—det(M-1
[ det (M7 — )= det [(M — )] = det (M — ])]
=2det(M-N=0= det(M—-1) =0
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20. Given: ATA =7
=[474|=|AT||4|=|4]|4]=1  [c)71=D (ardXasaiictd g
=|4P=1 A=| @+2d2d) d d
[a b ¢ (@+3d)2d) d d
NowA=|b ¢ a [Ry— Ry - R)]
e @ b (a+d¥a+2d) a+2d a
a b c Al= (ﬂ+2d){2d) d d
= [4l=|b ¢ a|=a3+8+ - 3abc 24* g 0
¢ & b On expanding along Ry, we get

21.

22,

f=1, (@b + = 3abe) =1
=Sa+b+cF-3abe=1or-1

e
a +b +¢
—-—-——3 > '\1'3 a’h3c3

wAM z GM, .

=S>a+h+ - 3abe>0 23.

LB+ 3gbe=1

:>53+b3+83=l+3"1=4’ [ abe=1]

sin® cosO sin 20

sin (':H-ZE cos (E}+—2—E sin 2{3+-4—Tt
3 3 3

sin B—EEJ cus((—l‘---?’—:rr sin ZB-f—ﬂ-)
3 3 3

[R; > R, +R,]

LHS =

sin B cosH sin20

Il

25'1:16(:05—2:—} Zcosecos%:E 2sin ?.Bcos?

sin 8—2'33] cos(ﬁ—gi] sin(ZB—ﬂJ
3 3 3

sin 20
=— sin® cos® sin 20 =0

sin(ﬂ —EJ cos[ﬂ __2_::_) sin[29—gJ
3 3 3

[Since R, and R, are identical]
Let us denote the given determinant by A. On taking

1
™ a(a+d)a+2d)
1
(a+d)(a+2d)a+3d)
1
0 a2 a+3d a+ 4d)

sin B cosB

comm from R,

from R,

from R,, we get

1 24,

A

= Ay, where
a(a+d)*(a+2d)*(a+3d) (a+4d) ' =

‘{a+d){a+2d) a+2d a
A1=J’(a+2d)(a+3d) a+3d a+d

(a+3d)a+4d) a+4d a+2d
[R3—>R3-R3andR2—»R2—Rl]

Ay=(2d) (d) (a + 2d—a)= 44 *
4q*

i s
a(a+d)*(a+2d) (a+3d)2(a +4d)

LH.S.
cos Acos P +sin Asin P
=|cos Bcos P+sin Bsin P
cos Ccos P+sinCsin P
cos(A—Q)
cos(B—-Q) cos(B-R)
cos(C-Q) cos(C—R)
sind cos(4-Q)
+sinPisin B cos(B—Q)
sinC  cos(C-Q)
sinAsinQ sin Asin R
sinBsinQ sinBsinR
sinCsinQ sinCsin R
sind cosAcosQ cosAcosR
+sin P|sin B cos BcosQ cosBcosR

sinC cosCcosQ cosCcosR
[C,— €5 -C (cos Q); Cy— Cy—C, (cos R) on first determinant
ané Cy— C, — (sin Q}l’f‘l; C;;-—r t‘3 — (sin R)C, on second
determinant,

cos(A-Q)
cos(B-0)
cos(C-0)
cos(A—-R)

cos(4-R)
cos(B—R)
cos(C—-R)
cos A4
=cosP|cosB
cosC
cos(A—R)
cos(B—R)
cos(C—R)
cos A
=cos P|cosB
cosC

cosA4 sind sinA
=cosPsinQOsinR|cosB sinB sinB
cosC sinC sinC

sin 4

+sin P cos Q cos R|sin B

cosd cosA
cosB cosB

sinC cosC cosC
0 ‘;10 [Both determinants become zero as G, =04
R.H.S

[

n! (n+)! (n+2)!
D=|(n+1)! (n+2)! (n+3)!
(n+2)! (n+3)! (n+4)

I n+l (n+2)(n+1)

SD=naln+1)n+2! |1 n+2 (n+3)n+2)
I n+3 (n+4)n+3)
[R, — Ry,— R, and R; >R, - R,]
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26.

1 n+l n2+3n+2
S>D=P r+1P@n+2)[0 1 2n+4
g | 2n+6
[Ry—R; R,
1 n+l #+3n+2
SD=mV¥m+12m+2) |0 1 2n+4
gy 2
=D=mP +1Pnm+2)2= ™ =2 m+12(n+2)
(n!
= ~4=2(n3+4n2+5n+2)-4
(n))*
- =2 (n®+4n? + 50) = 2n (n* + 4n + 5)
(n1)*
(
7 L ! - ) is divisible by n.
(n!)’
- B e

a g ¢[=0 [Ri>R;-R,and Ry)—> R, -Ry]
@ DT

p-a —q-b) 0
g=b c-r|=0
a b r

On taking (p — q), (¢ — b) and (r — ¢) common from C,Cyand Cy
respectively, we get

= 0

1 -1 0

0 1 -1
(p-a)lg-5d)(r-c =0

a b r

p—a. g—b —c|
On expanding along R, we get

l[ S b ]+ 2 J=0
. \n—c g-b/ p-a

r b a
+oe—t

p-a)g-b)(r-c)

v pEaqgzbrze

0

r-c g-b p—a=
r ,a-@5, p-(p-a)_,

A q-b p-a
= A et Y -1=0
r—c g-b p—a
= LAl SR =
p-a g-b r-c

Given : 4, B, C are integers between 0 and 9 and the three digit
numbers 428, 389 and 62C are divisible by a fixed integer k.

B125
4 3 6
Now, D=|8 9 C
2 B2
[Ry— Ry + 10 Ry + 100 R,]
A 3 6 A 3 6
=|A28 3B9 62C| =|kmy kn, kny
2 B2 2o R

[+ 428, 3B9 and 62 C are divisible by k,
o A28 =1In; 3B9 = kinty; 62C = kny, ny, s, ny are integers]

AS =g
=kim np my| _ :
= k % some integral value.
21 2
= D is divisible by £.
(a-1) =n 6

2. Aa=|(a-1% 2n* 4n-2
(a -1)3 3 3n% _3n
4 (1-1) n -
ZM: (l-I)2 2n* 4n-2
= a-1® 3 m?-3n
G- n 6
+H2-D* 2n* an-2 |+..
2-1* 32 3n%-3n

n-1) n 6
H@-0* 22 4n-2
(-1 3n° 3n®-3n

1+2+43+...+(n-1) n 6
=[2+22+3% 4 +(m-1% 22® 4n-2
P+2+B 4+ +@=1° 3 3n>-3a
n(n—1) .
2
_|n(n-1)2n-1) e dn2
6
2
[M] 3 3n-3n
2
2 s 1 6
="—(1”2;l 22n-1) 2n 2@2n-1)

3n(n-1) 3n* 3n(n-1)

. -1
[Taking ﬂ’;—zl common from C, and n from C,]

=0 [+ C, and C; are identical]

n n
ZAa:D :ZAa:c(aconsmm)whmc:G

a=1 a=1
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. = + iﬁ Topic-3: Adjoint of a Matrix, Inverse of a Matrix,
G ri1 Cre2 =) Some Special Cases of Matrix, Rank of a Matrix

28. LHS= ycr yCr+l yCr+2

a
z 1. e, d)Let M = where a, b, c are integers.
zCr Z r+l Cr+2 ©&d [b C] .
C,— C, + C, and C;— C; + C, and using a b
2 2 1 %} 3 2 - % . 2
"C +7C . ="1C, we get M is invertible, if s 0= ac#b
X x+l +1
Cr Cr+] i Cr+2 [a:l |:b 2
: : = =a=b=c=ac=b.
| > Cr y+l Cr+l y+l Cr+2 b - a c=>ac

Hence (a) is not correct.

I.f[b C]Z[a b] =b=a=c=> ac=b*
Operating C; — C4 + C, and using the same result, we get - (b) is not correct.

z z+1 z+l
G Cra Crs2

X Cr x+1 Cr+l x+2 Cr+2

a 0
If M= |, | then [M]|=ac#0
+1 +2 =
= ycr - Cr+l 2 Cr+2 =RHS

. M is invertible.
zcr z+lcr+l z+2Cr+2 (c) is correct
Since, ac # (integer)2 = ac #b*
x? +x x+1 x-2 = (d) is correct.
29. |2x%43x-1 3x 3x-3|=xd+B 10 0
2. Gi d=
P 2EEE D—1 %1 =ases 9-1.4
0 -2 4
% e e . Characteristic eqn of above matrix 4 is given by
24 43%-1 3% | 3x-3 FalE
LHS=|2x* +3x— . x— )
TRSMRE kbt sl o s i fe0
X 4+2x+3 2x-1 2x-1 0 AR g A
[R, = Ry —2R, and Ry—>R; - R,] = (1-D)@-52+22+2)=0=>23-6A2+114-6=0

2

i it o3 Also by Cayley Hamilton theorem, every square matrix

satisfies its characteristic equation.
A3~ 642 +114-61=0
On multiplying by A™!, we get

—| x-1 x-2 x+1
x+3 x=2 x+1

1
2 x+l x-2 e bl e A2—6A+1]I—6A‘1=0=>A‘]=E(A2—6A+111)

=10 x-2 x+1l|+/x-1 x-2 x+1 On comparing it with given relation,

0 x-2 x+1| |x+3 x-2 x+1 A"z%(AZ—cA+dI}

x x+1 x-2 Weget c=—6andd=11
=0+ x-1 x-2 x+1 k-1 ollE—ofF
x+3 x-2 x+1 3 @) |Af= ZJ'J? | %
R R,-R dR R,—R
[Ry— Ry -~ Ry and Ry — R, — R,] 20 % 4
x x+1 x-2 el 0 1 =2
=3 was g ) SSEaENE RS g %=1 9o 2k
4 0 0 4 ARG T mE= iy —bJE  1+2F 2k
[C;— C,~Cs)
TR e SJE A+2E==1

=x|-1 3 3(+|]-1 3 3
=1
4 0 0|4 0 0 o ¢ 2k

=x4+B=RH.S =4k 0 1-2k

[R_—)RQ—R_,']
o dk 12k - -
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={I+2k}(8k—4k-z—4k:-h=(2kr]|': 6. !l_bhz}Snx_mu.\hs'muﬂakmam
Since B is skew symmetric of odd ender, det (M)=0
.|B'_ M- = adj (adj M) 5
- |Bl= M = det M)M [~ adiadi M) = (det My*2. M]
: 2 : M-IM = det (M).M?
Hence, |Adj Al+!AdjB/=|A" +|B =10° [ = det (M}_p{-’ } i3]
Ofc det (I) = (det (M))° ;
= 2k+1°=10° = k=45, - [K]= [~ det (det M) = (det M)’ and det (M?) = (det M)
4. (a,b.d) 1= det (M) ...(ii)
(a) We have From (i), I = M?
(1 0 0) 1 00 (adj M)* = adj (M?) = adj I =L
PEP=|0 0 1 00 1 7. (ab, d) We observe that P, =P, Py =Py, P3 =Ps,
8“1 @ 0::9L 0 PI PPI—P P.—P
1 g o)y % 2 ; S g
8 13 00 1|=[8 18 13|=F Also PPy =Ifork=1t06.
203 ) ] 2 4+ 3 DTS
1 0 110 0 1 00 Now X = ZPkAPk,whereA=1 0 2|and A'=
P2001001=0t0 = 1 wanng
0 1 Mg J¥ o tigy ¢ S
w)IEQ+FF o' =IEQI+IRHT'I X':{ ﬁﬁﬁ%}:= P AP,
|E|=0and |F|=0and|Q|#0 kZ:=i g( )
-1|_|PIF] 6 6
£Q|=1E|0|=0.| PFO |= =0 _&o X "
=1 =1
o 1 X is a symmetric matrix.
0 @ S (a) is correct.
Sum of diagonals entries of X = Trace X
ra@m@-g_ﬁp 2 <
TQ = EQ?+ PF=EQ*+ P’E. | ;
—EQP+ EP=E(Q'+P) [from (a)] =Trace ) (P AP)= ) Trace (P AP;)
|TO|=|E(@QP+P)|=>|T|Q|=|E|Q*+P|= k=1 k=l
:|T3-0 £ (aSIle*O) &
(c) |(EFY |>|EF|
Here 0> 0 (false) ZTrace(APkPk) [using Trace AB = Trace BA]
(d) asPP=[= Pl= =
So, 7r(P~'EP+ F)=Tr (PEP+ F) = Tr (2F) 6 6
Also Tr (E + P'FP) = Tr (E + PFP) = Tr (2E) = Trace (Al)=) TraceA = 6x TraceA
Given that k=1 k=1
T (E) = Tr (F) =6x2+0+1)=18
Y b ) [ (b) is correct
Tr (2PEP) = 2Tr (PEP) = 21r (EPP) = 2Tr (E) . i
5. (a,b,c) Since (I - EF) is invertible there;fore 1 6 1 6 1 6 6
|I-EF|#0;G=(-EFy' =G'=I-EF X ' - &
Wehave G.G = [=G' G X|1|= 2 RA| P [1]|= Y PA|l|= P |3|
= GU-ER=1=(-EFG 1| = il] = 1| =t 6}
= G-GEF=I=G-EFG...(i) =
= GEF = EFG (Option ((;} is ;’gjmf‘%FGE 7~ 2ol 30 1] 1
(I- FE) (I + FGE)= I+ FGE — FE -
= [+ FGE — FE- F(G — 1) E [from (i)] ={2 2 2(3|=]|30]=30{1]=al1
=]+ FGE - FE— FGE + FE
= [ [Option (b) is correct] 2 2 2)l6 30 ’- 1
(I- FE) (I+ FGE) =1 . (i) Soa=30
(So, option 'd' is incorrect) *. (d) is correct.
Now FE (I + FGE) 1
= FE + FEFGE 1 1
= FE + F(G - DE [form (i
et s L Ao X|1|=30]1] =>x-30pll=
= |FE||[+FGE|=|FGE| ) | 1
| 1 =>X-301=0=[X-301=0
FE |x = | FGE | (from (ii = X — 30 I is not invertible
= | I-FE| | | g () .~ (c) is incorrcet.
= |FE|=|I-FE||FGE|

(Option (a) is correct)




8128
4 Ll e’ =1 =1 =
8. (acd) M= 123 ;AdjM = § S6i12
L | -5 3 -1
Cofactor of a;; in M =2 - 3b=-l=a; inAdjM=b=1
Cofactor of a3 in M=3-2a=-1=aj;inAdfM = a=2
“ a+b=2+1=3
(a) is correct.
[ BN G
M=[1 2 3=-(1-9+21-6)=8-10=-2
L S

ladj M?| = M22 = M[*=(2)*=16
.~ (b) is incorrect.

Also (adj M)™! = adj M—

" (adj M)~ +ad3M“ 2adj (M)

2|M”‘| 2 1
T ladJ(M )= 2;M1|(1W)1—2x~—2xM——M
(c) is correct.
o 1 o 1
Now, M|B|[=|2| = |B =M}2
¥ 3 Y 3
-1 1 -1j1 o -2 1
SRS IR ) B P R ] e B
2l o3 alls y 25| |
a-B+y=1-(D+1=3
(d) is correct.

A0 2%
9. (ad)P=|0 2 2;Q=|0 4
0 0 3 X ax

R = PQP!
= detR = det (PQP") = P| |Q| [P = Q| =4 (12 - %)

(=20

s S
Ty -
Also, det|0 4 0[+8=4(12-x%) [ [P = iPI]
s
2% -
0 4 0[+8 VxeR
r @l s

. det R = det

.. (a) is correct
Forx=1,detR=4(12-1)= 0

al |0
. R|B|=|0| will have only trivial solution

Y 0

ie,o=0,=0andy=0

.. (b) is incorrect

For PQ = QP, a;; in PQ = a,; in QP
=2+x=2> x=0

Now a;, in PQ=2x+4 and a, in QP =2 + 2x
= 2x+4=2+2x=>4=2, inchisnotpossiblc
- PQ = QP, is not possible for any real x.

.. (c) 1s incorrect.

10.

11.

12.

Mathematics

1 1 1}12 0. Ol =tf2 0
0 2 2{0 4 o0 1/2 -1/3
0 0 3]0 0 6J0 O 1/3

Forx=0,R =

2 4 6|1 -1/2 0O 21 223
=0 8 12|00 1/2 -1/3|=|0 4 4/3
020 113 0 0 6

21 24301 6
NowRl|a|=6la| =|0 4 4/3||a|=|6a
b b 0 0 6 |bl |6b

—
B o

2

=>2+a+§b=6=>3a+2b=12 vosn (1)
4

and 4a+ gb =6a=3a-2b=0 Cl)

On solving (i) and (ii), we get a=2,b=3=a+b=35

2 (d) is correct

(c,d) (a) W MNY = (MNYN=NM'N=NMN

or —N'M N, according as M is symmetric or skew

symmetric matrix. Hence (a) is coorect

(b) (MN-—NMY =(MNY - (NM) = NM' - M'N'

= NM— MN =—(MN - NM)

Hence (MN — NM) is skew symmetric matrix. Therefore (b) is
correct.

(€) (MN) =NM =NM=MN

Hence (c) is incorrect.

(d) (adj M) (adj N) = adj (MN) is incorrect.

(¢) [Since a skew symmetric matrix of order 3 cannot be non
smgular therefore the data glvcn in the question is inconsistent.
Now M2ZNZ (MT NP'(MN‘)

= M2N2N-! (M (N—l)T MT

= M2 N (MT)_ -[(N lJT MT _MINM! N-IM

[+ MT =-M, NT =N and )T = Ty 1)
=—M(NM)(NM)"M [+ MN=NM]

= MM = -M?

a
@ LetU; =|b
c

1} 1 0 0]fa 1
NowAU; =|0(=|2 1 0||b|=|0
0] 3 20 Vlle 0
a i B
=| 2a+b |=|0|=a=1,b=-2,c=1
3a+2b+c| |0
1 2 2
5 Uy =| -2 | Similarly, U, =| _1 |, U; = -1
1 -4 -3
LA 2
L U=[-2 -1 -1| =|U|=3
1 4 -3
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MKk B ol ] 1 1 -1
13. ® U e =7 == 3 D=1 -1 1| =420
195 ¢ = -1
.3 ~. New _— ; }
= Sum of elements of U™" = 5{01 =0 . New system of equations has unique solution.
=5 £ 3 =i s 1= 2
r 2] |71
|1 2 23 Di=[1-1 1|=-4,D,=|1 1 1|=-4
14. (@ [(320]|=2 -1 -1f2 =[320][-8 =3 1 BY0 + 1 3053
1 4 -3)[0 -5
I ol-wi
5 Topic-4: Solution of System of and Dy=|1 -1 1|=—4
=l Linear Equations i
x 1 Ly —4
A =10 NO‘W,X:-&z—i:],Y:&:—:land
1. (a) Since, el iz is linear equation in three variables B D ==
Z 0 Dy -4
and that could have only unique, no solution or infinitely Z= D T 1 = x=ta, y=tband z=%c
many solution. e )
It is not possible to have two solutions. 7. (1)  For infinite many solutions
Hence, number of matrices 4 is zero. 2
2 (b) Given system : 2x -y + 2z =2, x -2y +z=- 4 and 1 a a
xty+tiz=4 = 232 i
Since the system has no solution, A = 0 and any one amongst o | @l=0=> (l-aY=0 = o=l
A A, A is non-zero. al o 1
2 -1 2 For = I, the system will have no solution and for
NowA=0=s[1 =2 1|=0=2A=1 ?oﬂm'_olx{s?" three equations giving infinite many dependent
s 4= A B l+atai=1-1+1=1
Solution 8 and 9 :
2 =1+ 2 e s
Also, A, =1 -2 —4|=6=%0 A=l4 5 6|=0
B 7 8.9
= (a) Given system : x + ay=0,az + y=0,ax +z=0 = . : 3
It is system of homogeneous equations, therefore it will Given: that systom:of: equations:is cogsisient
have in_ﬁnite many solutions if determinant of coefficient P |
matrix 1S Zero. A= B 5 6l=0>a-2p+y=1
I @il
y-1 8 9
ie, [0 1 a|=0=1(1-0-a(0-aH=0
Tl iE % 2y
=1+ =0=2>a’=-1 =2a=-1 IM|=p 1 0 =a-2B+y=
4 (b) For infinitely many solutions, =1 0= 1
k+1 o 8 = 4k oo The plane containing all those (o, B, ¥) :
k k+3 3k-1 P:x-2y+z=1
5. (d) For the given homogeneous system to have non zero 3
solution, determinant of coefficient matrix should be zero Perpendicular distance from (0, 1, 0) = \—f_-ﬁ— =x
1 -k -1
ie, |k -1 -1|=0 = D:f:%zl.ﬁ
o = 8. (1.00) 9. (1.50)

=11+ +k(-k+1)-1(k+1) =0
=2-KB+k-k-1=0=k=%*1
2 2 2
6. () Let x—2=X, y—z-—-Y,z—Z:Z.Then
a b c
the given system of equations becomes
X+¥-Z=1, X-¥Y+z=1, -X+Y¥+Z=1
For this new system, we have

10. The given homogeneous system of equations will have non zero
solution if D =0

% I 4
= |-1 A 1]=0
il el

AO2Z+ D) -1(A+D)+1(1+1)=0=A3+31=0
L(2+3)=0,butA2+3 =0 forreal A=>A=0

I}
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11. (b) We have system of dinear equations =, =
xtytz=1 (1) a | | -a 1 1 1{a -a
10x+ 100y + 1000z=0
x+10y+’r00z=0 i) ®) Mia; |=|-a, =>|1 0 1|lag|=|-ay
gre+pry +pgz=0 (1) las| |-a3 Lo 1 0] ay| |-a;
b ity Cnaren ) +ay +83 =4
£ g; E 1 i ey = a, = 0 and a, + a; = 0 infinite
Let P= ,q= e as _—_—aB
a+9d a+99d a+999d solutions. So, option (b) is correct
Now, equation (iii) is
(a+9d)x + (a +99d)y + (a + 999d)z = 0 I 1 1= 0
1 1 I (€) MX=0=|1 0 1| y|=|0
A=l 1 10 100 |=0 r 00l = 0
xty+z=0
a+9d a+99d a+999d| x+2=0
x=0
1 1 1 Infinite solution. So, option (c) is correct.
A.=0 10 100 |=900(d —a) (d)
0 a+99d a+999d S faitho) =i 1 ]
M-21=|1 0 1|-2/0 1 0l=|1 -2 1
Lol 0-9px8 b =diprego plofig oy 2
Ay=| 1 0 100 |=990(a—d) [M — 21| = 0; So, option (d) is incorrect.
13. (a,d) —x+2y+52—b
a+9d 0 a+999d Sy 4y+32—b2]
1 1 1 x—2p+2z= b
has at least one solution.
A, =| 1 10 0/=90(d — a) Ei_ e
e L IO ~ D=2 4 3|=0andD,=D,=D;=0
Letopn'unl:}f'i=10 =a=d P 2 2
r
A=A =N =4 =0 B 2115
Since ¢ eq. (’) andzeq (1) represents non-parallel planes and eq. (ii) e 4 3
and eq. (iii) represents same plane 1 = b2
=  Infinitely many solutions by -2 2
Soetion St R T =—2b) — 14b, +26b; = 0 = b, + Thy = 13, ...()
Option I: £ #100=>a=d f 23
r
A=0,A,A,A =0 @ D=0 4 5=1(24-10)+1(10-12)
No solutioni = 1 2 6
So, option II — S
) p =14-2=12-0
Option III; ;?*10 =a+d Here, D # () = unique solution for any by, by, by
No solution 1 1 3
So, option Il — S ® D=|5 2 ¢
OptionIV:lf£=lU =a=d o g i

12.

q
Infinitely many solution
Hence, IV—P.Q, R, T

(b, ¢) Given that ay == 1 ifj + 1 1s divisible by i, otherwise
a.=0
1
3.“ alz 313 |G L |
a);|=(1 0 1

a3 332 3.33 5 AR e ¢ ]
(a) M| =-1+1=0= M is singular so non-invertible.
So, option (a) is incorrect,

M=lay ap

=1(-6+6)—1(-15+12)+3(-5+4)=0
For atleast one solution
Dy=D,=D;=0

% 1 3
Now,Dy =, 2 6
b -1 =3
=by (-6+6) by (-3+3)+b,(6-6)=0
1 phr 3
D=5 b 6

=2 by -3
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Determinants

=—b 15+12)+ by(=3 + 6) — by(6 - 15)
=3b,+3by+9by=0=> by + b, +35;=0
not satisfies the Eq. ()

It has no solution.

-1 2 -5
|t 2 5]
=_1(-20+20)-2(10-10)-5(4+4)=0
Here, b, =— 2b, and by = - b, satisfies the Eq. (i)
Planesarepaml{el.
s
@D=12 0 3|=10-12)-2(-10-3)+5@8-0)=54
1 4 =5
D=0

It has unique solution for any by, b,, bs.
14. (b,c,d)
ax+2y=2
3x-2y=p

ey
For unique solution, E #— =a#-3

: (b) is correct.
For infinite many solutions and a =— 3
_—3: 2:_1‘-:5')\—‘:—1 01';\-""].1'——0

3 2 p M
(¢) is correct.

-3 20K
Alsoif A+ p#0,then —=——%—

3.2 n
=  system has no solution.

2. (d) is correct.
15. (a) Given system of equations are:
x+2y+z=7;x+o0az=11;2x-3y+pz=vy

L =2
LA=[l 0 oj=T7a—2p-3
2 3 B
T 2
A, =|l1 0 o|=2la-22p+2ay-33
Y. 3P
SR |
Ayl 11 @ =4B+14a-ay+y-22
2. 1 P
Jo= 2N
A, =1 0 11|=56-2y
gl

®) If l5=%(?a—3)and7=28 e

A=0,A,=A,=A,=0
So, Infinitely many solutions

1
Q) Ifﬁz—z-(?—?:) and y # 28 then
A=0but A, # 0. So, no solution.
1
®) IfB#E(TG"3],0t=1 and y # 28 then

A #0, A, # 0 so, a unique solution

16.

17.

18.

19.

(S)

If ﬁ:%t?a—_’ai.a:land?:?j then

Az0,A =0.A =A =0

So, uniquue sol?i‘tiona‘and x=11,y=-2,z=0.

Each element of set » is 3 x 3 symmetric matrix with five of
its entries as 1 and four of its entries as 0, we can keep in
diagma]ehherZwoandmelmnozemandthmclsomat
the left over zeros and one’s are even in number.

Therefore, taking 2 zeros and one 1 in diagonal the possible

3! 31 9
R
cases are 5% 5,
and taking 3 ones in diagonal the possible cases are
3!
Ix—==3
21

. Total number of elements of =" =9+3 =12

(®)

()

X 1
Given system of linear equations : A| y |=|0
z 0

This system will have unique solution if | A= 0.
.. The possible matrix A are

T [ S L e s
6 o rilxr o 1]l 1 2
L1 0| jo=-1-00-]1 & 6
01 1] o1 1 010
1 10|10 0]|ad|l 01
100 [1001 011

ie., 6 possible matrices.
For the given system to be inconsistent 4| = 0.
. The possible matrix A are

|'100‘| [t 0 1] [1 10

lo 1alile 1 of. e

10 1 1) |1 01| [001]
(1} (=) {im)

[V 9= 37~f0 1 © o0 1]

100|,/1 11 001

l1ooj [01 0] [111]
(1v) (v) (v1)

x 1

Onsolving 4| y [=|0
Z 0
We find for A = (i)
By Cramer’s rule Dy =0=D; =Ds
+. infinite many solution
ForA = (ii)
By Cramer’srule D # 0

= no solution ie. inconsistent.

Similarly we find the system as inconsistent in cases (iii),
(v) and (vi).

Hence for four cases system is inconsistent.

(a) The given system of equations are

x=2p+3z=-1
-x+y—-2z=k
x—3y+4z=1
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fmide 3 21.
Here p=|"1 1 -2/=0
1 3 4
L silda 3
and Dy =|-1 k -2|=k-3#0ifk=#3
1o Lo 2
<. If k# 3, the system has no solutions.
Therefore, statement-1 is true and statement-2 is a correct
explanation for statement - 1.
20. Since, AX = U has infinitely many solutions.
a 0 1
~lAl=0 =1 ¢ b=0
b
=albe-bd)+1(d-c)=0=(d-c)ab—-1)=0
wab=lord=c¢
g 0 _f
Again, [A3 =1 ¢ g|=0=>g=h 2.
L A
v e
2|41 g b=0=g=h
1 & b
FERLET!
and |4 |=|g ¢ b=0=>g=h
h d b
.g=h,c=dandab= (i)
Now, BX=VF
e | 23.
|B|=|0 d ¢|=0 [From (i)]
fiig #

[since, C, and C; are equal]

~. BX = ¥V has no solution.

bl
fa e ML [From (i)]
0 g &
[+ e=dand g=h]
a @ 1
By =10 0 ¢ =ach=azajf i e ]
If 0 &

Since, adf #0=>| B, |#0

B{=0 and | B2 |¢ 0
BX = V has no solution.

System of linear equations
Ax+(sina) y+ (cos o)z =0
x+(cos o) y + (sin o) z= 0
—x+(sina)y—(cosa)z=0
has a non-trivial solution.

A sina cosa

l cosa sina [=0

-1 sina —coso
= A (- cos? o — sin’a) — sin o (- cos o + sin a)
+ cos a(sin o + cos @) = 0
= — A+ sin o cos o — sin® @ + sin o cosa + cosée = 0
= A = cos’c. — sin®a + 2 sina cos & = A = cos 2a + sin 2a
Ford=1, cos 2a + sin 2a. =1

1 1 1
= —= c0s 20l +— sin 2o = —
2 2 2

1
= c0s 20 o8 /4 + sin 2« sin /4 =ﬁ

= cos (20— 7/4) = cos W4 => 20— /4 = 2nn + /4
= 2a =2nn + /4 + /4; 2nn - /4 +
Sa=nn+ /4 ornn
The given system will have a non-trivial solution if
sin3@ -1 1
cos20 4 3|=0

2 reE=:
On expanding along C |s We get
(28-21)sin30—(-7-7)cos20+2(-3-4)=0
7sin30+14cos20-14=0
sin30+2cos20-2=0
3sinf—4sin39+2(1-2sin20)-2=0
4sin*0+4sin20-3sin0=0
sin B (2 sinB-1) (2sin B+ 3)=0
sin@=0orsin@=1/2[ sin@ = —3/2]
O=nnorfl=nn+(-1)" w6, n € Z
For non-trival solution of the given system of equation,

1k 3
3 k£ 2|=0
2 3 4

sus iyl

U

33
=1 (-4k+6)-k(12+4)+3(9-20)=0=k =

33
Substituting k = g2 and putting x = b, where b € Q, we get the

system as
33y+62=-2b )
33y—dz=—6b ..(ii)
3y-4z=-2p (iif)

2
On subtracting (ii) from (i), we get 10z =4b = z = g b

; 12b 22b -2b

Now, from (i) 33y=-2b—- —— —_27° — p=—""

sl L 5 AT
. The solution is x = b, y:ﬁ z= 2

15° 5
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