CHAPTER

Determinants

Chapter Highlights
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Evaluation of determinants using elementary operations, Product of determinants of same order, Solution of

linear equations by determinants

DETERMINANTS

A determinant is a pure number associated with a square
matrix. Corresponding to each square matrix

ap Ay 4y
A= L S R
ay Qo Ay,

there is associated an expression, called the determinant of
A, denoted by det A or | 4 |, written as

Gy Gy Ay
a a “en a
21 22 2
|A|=detd= "
Ay Qpp 0 Ay

A matrix is an arrangement of numbers and it has no fixed
value but a determinant is a number and it has a fixed value.
A determinant having »n rows and n columns is called a
determinant of order 7.

Determinant of a Square Matrix of Order 1

Let 4 =[a,;] be a1 x 1 matrix, then the determinant of 4 is
the number a,, itselfi.e., | a,| =ay;.

Determinant of a Square Matrix of Order 2

|4 9 .
Let A= be a 2 X 2 matrix, then
ay Ay

ap dp

|4]= =dayy Ay —dyp dy

41 A4y
i.e., the determinant of a 2 x 2 matrix is obtained by taking
the product of the entries on the main diagonal and subtract-
ing from it the product of the entries in the other diagonal.

Hlustration
1. 4 3 =2X5-4x3=10-12=-2.
x—1 x+1 )
2.1, =x-DHE+D-Gx+DH " —x+1)
x“—x+1 x+1
=x2—1—(x3+1)=x2—x3—2
MINORS AND COFACTORS

Minor of an Element of a Determinant

If we take an element of the determinant and delete the row
and the column containing that element, the determinant
left is called the minor of that element. It is denoted by ;..
For example, given the 3 X 3 determinant

4G 4 93

y1 Ay dy

a3 43 dsg

. . Qyy dy3 .
Then the minor of @, is M, = ; the minor of a,,
ay, a
“ a 32 433
. 21 93
iIsM,= and so on.
a3 ds3
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Cofactor of an Element of a Determinant

The cofactor Cj;of an element a;; (the element in the ith row
and jth column) is defined as C;;= (- 1)’ * M;;. 1t is denoted
by C,;. Thus,
{MU ,when i+ jis even
ij

M, when i+ jis odd

For example, the cofactor of a,, in the 3 x 3 determinant
4 dp
Gy Gy Ay
431 d3p 43

4y do3

. a, a
is Cy= (- 1)'+2|%2r 9

a3 Ay 31 A3

EXPANSION OF A DETERMINANT OF
ORDER THREE

Consider the following determinant:

aq b q
a b o
a; by

We can find the value of this determinant by various
methods.

Method 1

Step 1: Write the clements of the first row with alter-
na-tively positive and negative sign, the first element always
has positive sign before it.

Step 2: Multiply each signed element by the determinant
of second order obtained after deleting the row and the col-
umn in which that element occurs. i.e.,

a b c
! ! ! _ b, ¢ a, a, b,
a2 b2 CZ _al b _bl +C1 b
3 G a; C a; by
a; by ¢
= ay (bye3 — bycy) — by (ayc; — ascy) + ¢ (ayby
—asby)
For example,
1 -3 4
0o 2 5 (1) +( 3)(=1) 0 5
B -2 3
-2 6 3
) 0 2
-2 6

=1(6-30)+3 (0+10)+4(0+4)
=-24+30+16=22.

We can also expand the determinant along any row or any
column. For example, if we had expanded the above deter-
minant along the first column, then

1 -3 4
0 2 5 —(1)‘ +0+( 2)‘_3 4‘

2 5
-2 6 3

=1(6-30)-2(-15-3)
=—24 +46 =22, as before.

Method 2: Using Sarrus Rule

The following diagram called sarrus diagram, enables
us to write the value of the determinant of order 3 very
conveni-entlty.

aq b q
LetA=|a, b,

a; by o

¢, | be a determinant of order 3.

Write the elements as:

as 7 b3 7 C3 7 b3

Multiply the elements joined by arrows. Ass1gn the positive
sign to an expression if it is formed by a downward arrow
and negative sign to an expression if it is formed by an
upward arrow. Note that the first two columns are repeated
in the above table to complete the process. The value of the
given determinant is
a,bycy + bicyas + cjaybs —
2 -1 3
For example, to evaluate |5 7 0|, write the elements as
4 1 6

3 2

\_1\\7’ \\7’ 7
’ ’ ’
e
7 7 7
7 7 7
5 7 0 5 7
’ ’ ’
7 7 7
4. 1 6 - 4 1

The value of the given determinant

=@M O+EEDHO)H+G)G) (D) -E) (7
)= ©0)(2)-(©) ) 1)

=84+15-84+30=45

asbycy — bycyay — csayb,

2
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CAUTION

Sarrus rule does not work for determinants of order greater
than 3.

Method 3: Using Cofactors

A determinant can also be evaluated by multiplying the
entries of any row (or column) by their cofactors and sum-
ming the resulting products.

aq b q
Let A=|a, b, c¢,]|,then
a; by o

A=a,Cy +b,Cpp+c,Cis=a M, =DM, + ¢ ;M.

1 2 0 -1
-1 4 1
3 -1 4 1
For example, =1{0 -3 3
-2 0 -3 3
31 2
4 3 1 2
3 4 1 3 -1 4
-2|-2 -3 3|+0+1|-2 0 -3
4 1 2 4 3 1

=54-94+13=27.

NOTE

m The value of determinant is same when expanded by any
row or any column.

m The above method of expansion is general and is valid for
determinant of any order.

TRICK(S) FOR PROBLEM SOLVING

m If a row or a column of a determinant consists of all zeros,
the value of the determinant is zero.

m Always expand a determinant along a row or column with
maximum number of zeros.

m If each element above or below the main diagonal of a
determinant is zero, then the value of the determinant is
the product of elements along the main diagonal.

CAUTION

Sarrus rule does not work for determinants of order greater
than 3.

SOLVED EXAMPLES

1.

Y 4+d4x x+3 x-2
If| x-2 5x
x—3

x—=1| =aX + bx* + o + &

x+2 4x

+ ex + f, be an identity in x, where a, b, ¢, d, e, f are
independent of x, then the value of fis

(A) O (B) 15
©) 17 (D) None of these
Solution: (C)
0 3 -2
We have, |-2 0 —1|=f
-3 2 0

(Putting x = 0 on both sides)

s f=17
a =B 0
.If|{0 o B|=0then
B 0 «

(A) o/fis one of the cube roots of unity
(B) o is one of the cube roots of unity

(C) Bis one of the cube roots of unity
(D) None of these

Solution: (A)

a —-B 0
Wehave, [0 o B|=0=d-f=0
B 0 «

= (g) =1l= %is one of the cube roots of unity.

B

. If a, b, c are different, then the value of x satisfying

0 -a X-b
2 +a 0 2 +c|=0is
b ox-c 0
(A) ¢ B) ¢
(9N (D) 0

Solution: (D)

Since for x = 0, the determinant reduces to the determi-
nant of a skew-symmetric matrix of odd order which is
always zero. Hence, x = 0 is the solution of the given
equation.
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A2+31 A-1 A+3

4. If| A+1 1-22 A—4|=pl+gl+rA+sA+

A-2 A+4 32

t be an identity in A, where p, g, r, s and ¢ are constants,
then the value of 7 is

(A) 0 (B) 10

(C) —10 (D) None of these
Solution: (B)

Putting A = 0 in the given identity, we get

0 -1 3
1 1 -4|=t
-2 4 0

= t=0+1(0-8)+34+2)=10

. If f(x) satisfies the equation
f(x=3) fx+4) flx+DEx-2)-(x-1)°

app dpp 4 a4y 43
dyp Gy dyz| = |4y dyp Ay
asp 4z A3 a3 dy3  d3

. If two adjacent rows (columns) of a determinant are

interchanged, the value of the determinant so obtained
is the negative of the value of the original determinant,
1e.,

a4y a3 ayp Gy Ay
Ay Gy Gy | =~ |41 G dg3
a3 43 di as) 4z A3

. If two rows or columns of a determinant are identical

then its value is zero, i.e.,
a4 a3
ay a, a;| =0

a3 4z ds

. If each element of a row or column of a determinant

is multiplied by a constant & then the value of the new

> 4 -3 =0 determinant is & times the value of the original deter-
5 6 15 minant, i.e.,
for all real x, then kay, kay, kay; a,  a,  a
(A) f(x) is periodic with period 7 u u ail =kla an a
(B) f(x) is periodic with period 1 2 T2 AT
(C) f(x) is non-periodic A3 dzp Ay 31 Gz 33
(D) f(x) is periodic with no fundamental period 5. If any two rows or columns of a determinant are pro-
Solution: (A) portional, then its value is zero, i.e.,
The given determinant = 90f(x — 3) — 10f(x + 4
" 10fg(x _3). s ) v ) a Gy 43 A 4 43
So, f(x) satisfies the equation f(x + 4) = f(x — 3). kay, kay, kay| =k|a, ay; @3]=0
Replacing x by x + 3, we get f(x + 7) = f(x) for all x. ay, Ay, Ay a3 Gy Ay

Hence, f(x) is periodic with period 7.

6. If each element of a row (or column) of a determinant
is the sum of two or more terms, then the determi-
nant can be expressed as the sum of the two or more

6. If d is the determinant of a square matrix 4 of order n,
then the determinant of its adjoint is

n n—1
(A) dm +1 (B) d determ-inants, i.e.,
©) d D) d
Solution: (B) an a2 a3
We have, |[Adj. 4 |=|4 " '=d"! aytC Ayt apto
a3 3 33
PROPERTIES OF DETERMINANTS
4y 4 a3 4 Gy a3
Properties of determinants of order three only are stated =lay ay apn|t|q o o
below. H th ties hold for determinants of
elow. However these properties hold for determinants o 4, a, a 4, ay, as

any order. These properties help a good deal in the evalua-
tion of determinants. 7. If each element of a row (column) of a determinant is
multiplied by a constant & and then added to the corre-
sponding elements of some other row (column), then
the value of the determinant remains the same, i.e.,

1. The value of the determinant remains unchanged
if rows are changed into columns and columns are
changed into rows, i.e.,
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ap dpp a3 ap a a3
) Ay dy3| = as) ay a3
a3 a3 dsg ay thay  ayy +kay,  ay+kay,

. If each element of a row (column) of a determinant is
zero, then its value is zero.

. If the elements of a determinant that involve x are
polynomials in x, and if the determinant is equal to
zero when a is substituted for x, the x — a is a factor of
given determinant.

Hlustration

1 1

letA=|a b c|.If weputa=>binA, then we
a bl

have
1 1 1
b b c¢|=0
» b

( first and second column are identical)

This implies that (¢ —b) must be a factor of A. Similarly,
(b —c) and (¢ — a) are also factors of A. Since the prod-
uct of the diagonal elements of A is 1.b.c,’> which is a
third degree expression, A is a polynomial of degree
3. But (@ — b) (b —c¢) (c — a) is a factor of A which is
of degree 3 itself. Therefore, the only other factor of A
can be a constant, say £.

I 1 1
A=|a b c|=k(a—b)(b—c)(c—a)
a bl

In order to find the value of £, give values to a, b and ¢
such that calculations are easy and the two sides do not
vanish. For example, assume ¢ =0, b= 1, c =2, we get

1
0
0

—_ =

1
20 =kO-1)(1-2)(2-0)
4

or 2 = 2k (on solving the determinant along first
column)
Thus k= 1. Hence,

I 1 1
a b c|=(@-b)y(b-c)(c—a).
a bl

IMPORTANT POINTS

In general, if r rows (or r columns) become identical when
a is substituted for x, then (x —a)’ ~ s a factor of given
determinant.

10. The sum of the products of the elements of any row
(or column) of a determinant with the corresponding
co-factors is equal to the value of determinant, i.e., if

@y G a3
A=|a,, a,, a,|,then
431 43 ds3
a,,Cy, +a;,C, +a;;C3=Aand so on.

11. The sum of the products of elements of any row (or
column) of a determinant with the co-factors of the
corresponding elements of any other row (or column)
is zero, i.e., if

4G G 93
A=|ay, a,, ayl|,then
431 43 d33

a,,C5; + a,,C5, + a;3C33 = 0 and so on.

OIMPOKTANT POINTS

If A= a; | is a determinant of order n, then the value of
the determinant | AU‘ |, where AU‘ is the cofactor of aj is
A

-da> ab ac

For example, | ab —b?

\_

ac  bc —=c?

EVALUATION OF DETERMINANTS USING
ELEMENTARY OPERATIONS

To evaluate determinants of higher order, we should always
try to introduce zeros at the maximum number of places
in a particular row (column) by using the properties of the
determinant. We denote the rows of the determinant by R,
Ry, R, ... and columns by C}, C,, Cj, ...

We shall use the following notations to evaluate a
determinant.

1. The operation of interchanging the ith row and jth row
will be denoted by R; <> R,.
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2. The operation of multiplying each element of the ith
row by a number & will be denoted by R, — kR,.

3. The operation of adding to each element of the ith
row, k times the corresponding elements of the jth row
(j # i) will be denoted by R, — R; + kR;.

Similar notations are used for operations on columns
replacing R by C.

SOLVED EXAMPLES

xp+y X y
7. The determinant | yp + z y z
0 xp+y yp+z

(A) x,y,zarein A.P.
(B) x,y,zarein G.P.
(C) x,y,zarein H.P.
(D) xy, yz, zx are in A.P.

Solution: (B)
The given determinant

=0if

xp+y
= yp +z
—(xp” +2)p +2)
(Applying R; — Rs—pR| — R,)

S e o=
S N =

=— (P’ +2p +2) (z—)7)
=0ifx,y,zarein G. P

8. If T o T,, T, are pth, gth, rth terms of an A P, then
T, T, T,
p g r|isequalto
1 1 1
(A) p+g+r B)0
© -1 (D) 1

Solution: (B)

Wehave, T,=a+(p-1)d, Ty=a+(q-1)d, T,=a+
(r—1) d, where a is the first term and d is the common
difference.

.. The given determinant

a+(p-)d a+(@q-1)d a+(r-1)d

= P q r
1 1 1
a a a
=|p q r| [Applying R = R, — (R, —R;) d]
111

9.

10.

1 11
=al|p q r|=0.
1 11
cos’x  cosx-sinx —sinx
If f(x) = |cosx sinx sin® x cosx |, then for
sin x —COS X 0
all x
(A) f(x)=0 (B) f(x)=1
©) fix)=2 (D) None of these
Solution: (B)
We have,
cos’x  cosx-sinx —sinx
f(x) = |cosxsinx sin’ x cos x
sin x —Ccosx 0
1 0 —sinx
=10 1 cos x
sinx —cosx 0

(Applying C; = C, —sin x-Cy and C, = C, + cos
x-Cy)

1 0
=10 1

—sinx
cos X
0 —cosx sin’x
(Applying R; = Ry —sinx-R))

= sin’x + cos’x = 1 for all x. (Expanding along C))

The value of the determinant
a? a 1
cos(n+2)x| is

sin(n + 2)x

cosnx cos(n+1)x

sinnx  sin(n+ 1)x

(A) independent of n
(B) independent of a
(C) independent of x
(D) None of these
Solution: (A)

We have,

a? a 1

cos(n+2)x
sin(n+2)x

cosnx cos(n+1)x

sinnx sin(n+1)x



11.

12.
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a® —2acosx +1 a 1
= 0 cos(m+1)x cos(n+2)x
0 sin(n+1)x sin(n+2)x

(Applying C; = C; + C3—2 cos x C5)

= (a2 —2a cos x + 1) sin x (Expanding along C)),

If f(x), g(x) and % (x) are three polynomials of degree
S(x) gx)  h(x)

2andA(x)=| f'(x) g'(x) K (x)|,thenA(x)isa
S7(x) g"(x) h7(x)

polynomial of degree

(A) 2

(C) atmost 2
which is independent of n.

Solution: (C)

B) 3
(D) atmost 3

Let f(¥) = agX* +ax +a,
g(x) = byX” + byx + b,
h(x)= cX* +cpx+c,
Then,
S (x) g(x) h(x)
Ax)=|2ayx+a;, 2byx+b 2cyx+¢
2a, 2b, 2¢,
f(x) gx) h(x®)| | f(x) gx) h(x)
=x|2a, 2b, 2¢ |+| q b q
2a, 2by, 2c, 2a, 2b, 2c,
f(x) g(x) h(x)
=0+2| g b e
o by o
=2[(b,cy—bycy) f(x) = (ajcy— aycy) g(x) + (a;b,
—agh)) h (¥)]

Hence, degree of A (x) < 2.
If a # b # c, one value of x which satisfies the equation

0 x—a x-—b

x+a 0 x-c|=0isgiven by,
x+b x+c 0
(A) x=a B) x=b
(C) x=c (D) x=0

Solution: (D)

13.

0 x—a x-b
LetA=|x+a 0
x+b x+c 0

X—Cf.

On putting x = a, we get
0 0 a-»b
A=| 2a 0 a-c
a+b a+c 0

=(a+c)(a+b)(a—c)

Clearly A # 0 on expansion along second column, so
that x = a does not satisfy the equation A = 0. Similarly
x = b and x = ¢ also do not satisfy. Now, put x = 0, we
get

0 —a -b
A=la 0 —-c|=0
b ¢ 0

Hence, x = 0 satisfies the equation A = 0.

1 k k
IfU,=| 2n kK +k+1 Ik +k
2n—1 k* +k+1

k

and Y U, =72 then k=
n=1

(A) 8

©) 6

Solution: (A)

B) 9
(D) None of these

k
M1 k k
n=1
k k
Su,=| 2Xn  K+k+l K +k
n=1 n=1
k k
2¥n->1 K K +k+1
n=1 n=1
k k k
=|k(k+1) K +k+1 K +k
k* k* K +k+1
k0 k
=|K*+k 1 K+k
K0 KP+k+1

(Applying C, —» G, - C)
=k(F+k+1)— Ik =k (k+ 1) =72 (given)
= k=8.
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14. If Scos’a; = Zcos”f; = Zcos’y, = 1; Scos ¢ cos fB, =
Xcos f3; cos ¢ = Zcos ¥, cos ¢ =0,

CosQy COS®, COSO;
then the value of | cos B, cosf3, cosf; | isequal to
COSY, C€OSY, COSY;
(A) 0 B) -1
©) 1 (D) None of these
Solution: (C)
CosQy COSCl, COSY; :
cosf; cosf, cosp
COSY; COSY, COSY;
CoSQy COSCl, COSY;| |COSCQy COSCL, COSY;
=|cosfl; cosf, cosf|x|cosB, cosfB, cosp;
CO8Y, COSY, COSY;| |cCOSYy; COSY, COSYs
¥ cos’ o Ycoso, cosff;  Xcoso, cosy,
= | Xcos f cos Tcos® B, X cosf3, cosy,
Ycosoycosy, Xcosy; cosf Ycos®y,
1 00
=10 1 0|=1
0 01

15. Ifb*—ac<0and a >0 then the value of the determinant
a b

b c

ax+by bx+cy 0

ax + by
bx +cy| is

(A) positive (B) negative

(C) zero (D) b*+ac
Solution: (B)
We have,
a b ax + by
b c bx +cy
ax+by bx+cy 0
a b 0
= b c 0

ax+by bx+cy —(ax* +2bxy +cy?)

(Applying C; = C;—xC, -y ()

- (ax2 + 2bxy + cyz) (ac — b2)
1 (b* — ac) [(ax + by)* +1* (ac — b*)] <0
a

(- b*—ac<0anda>0)

16. If o, fand yare the roots of the equation X+ px+q=0,

a By
then the value of the determinant | 8y« is
v oo P
(A) g (B) o2
©p (D) p"~2q

Solution: (B)
Since «, B, yare the roots of the equation X+ px+q

=0
o+ pB+y=0
a Byl |a+B+y B v
So,|B vy al=|a+B+y ¥ o
Yy o B a+B+y o B
(Applying C;, = C, + C, + C3)
UN
=10 Yy « =0
0 a B

1 3 cosf 1
17. If A= |sin@ 1 3 cosO |, then maximum value

1 sin @ 1

of Ais
(A) 10 (B) 14
O 1 (D) None of these
Solution: (A)
1 3cosO 1
A= |sin6 1 3cos6

1 sin@ 1

1 3cos6 1
= |sin@ 1 3cos6

0 sinf—3cos@ 0
(Applying Ry = R; — R;)

=—(sin 8— 3 cos 6)(3 cos 8—sin 6)
=(3 cos 6—sin 6)2
But - \/ﬁg cos @—sin < \/9?
Therefore, (3 cos 6— sin 6)> < 10

18. If the determinant
a b 2ao + 3b
b c 2bo + 3¢
2ac0+3b 2bo +3c 0

=0, then



19.

20.
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(A) a, b, c are in H.P.

(B) «ais root of 4ax® + 12bx + 9¢ = 0 or a, b, ¢ are in
G.P.

(C) a, b, carein G.P.

(D) a, b, carein A.P.

Solution: (B)
Operate R; — Ry —2a R, — 3R,, we get

a b 2ao + 3b
b ¢ 2bo + 3¢ =0
0 0 —4ac?®—6ba—6bo—9c

= (4a0? + 12ba+ 9¢) (ac — b*) =0
= @ is a root of 4ax’ + 12bx + 9¢ = 0 or a, b, ¢ are in
G.P

I 1 1 I 1 1
IfD,=|x* > zZ*|andD,=|yz xz xy|,then
X y z Xy oz
(A) Dy=D, (B) D, =-D,
(©) D;=-2D, (D) D,=2D,
Solution: (A)
We have,
1 1 1 | X y z
Dy=|yz xz xy|=— |xXyz Xxyz Xxyz
= 2 2 2
X y z X y 4
X y z I 1 1
=20 1 a|=lx oy oz
Xyz
2 yz 2 2 y2 52
1 1 1
I y2 22 =D,
X y z

8 c, 9 C, 10 c,
‘¢, ¢ ¢Cy | becomes zero is
()Cn 10Cn+2 11Cn+4
(A) n=2 (B) n=3
(C) n=4 (D) None of these
Solution: (C)
We have,
8 C 9 C. 10 C,
8, 9 C, 10 C,
9Cn 10Cn+2 11Cn+4

8 9 10
C3 CS CS
— |9 10 11
=’c, "¢, Cq
9 10 11
Cn Cn+2 Cn+4

(Applying R, = R, + R, and using "C, +"C,,, = ””Crﬂ)

21.

22,

For n = 4, R, and R, become identical and, therefore,
the value of the determinant becomes zero.

The value of 6 lying between 6 =0 and 0 = T and
satisfying the equation 2

1+sin’0  cos’ O 4sin40
sin@ 1+cos’@  4sin40 | =0is
sin” O cos’@ 1+ 4sin40
S r 117
A) — B) — or —
(A) 2 (B) 24 24
3 b4
Cc) — D) —
©) 1 (D) 24

Solution: (B)
Operate R; = R, — Ry and R, — R, — R;, we get

1 0 -1
0 1 -1 =0
sin®@ cos’@ 1+4sin46
= 1+4sin4 0+ cos’6+sin’0=0
= 2+4sin46=0
= sin4 0= L
2
= 46?=7—n.0rM 0=7—ﬂ0rlﬂ.
6 6 24 24
a—1 n 6
IfAa=[(a—1)> 2n° 4n-2 | then Y Aa =
(a—1° 31 3n®—n o
(A) 0 (B) n
©) a (D) None of these

Solution: (A)

zn:(a—l) n 6
a=1

n
We have, 2 A, =

a=1

n
Ya-1" 20* 4n-2
a=1

n
Z (a— l)3 3 3n* -3n
a=1
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23.

24.

n(n—1) " 6
2
_ n(n—-1)2n-1 o An—2
6
20 1\2
u 3n® 3n* - 3n
4
1 1 6
2 —
_n(n+1) 2n—1 o An—2
= 2 3
M 3n® 3n* -3n
3 . 1 1 6
=% -1 6n 12n—6
n—1 6n 6n-6
3 . 1 1 0
_mn-h -1 6n 0l =0
12
n—-1 6n 0

(Applying C3 — C5 - 6C))

If the three linear equations x + 4ay + az =0, x + 3by +
bz =0 and x + 2¢y + ¢z = 0 have a non-trivial solution,
then a, b, ¢ are in

) 2=1:1 (B) b’ =ac
b a c
C) 2b=a+c (D) None of these

Solution: (A)
For a non-trivial solution, we must have,

1 4a a 1 4a a

1 3> b|=0=1|0 3b—-4a b-al|=0

1 2¢ ¢ 0 2c—4a c—a

(Applying R, > R, —R|,R; > R, —R))
= (Bb-4a)(c—a)—(2c—4a)(b—a)=0
2 1 1

= bect+ab—-2ac=0=> — = —+—
a c

The value of the determinant

\/ﬁ+\/§ 2\/5 \/§
Jis+y26 5 J10]is
34465 V155

(A) - 53 (5-+6)
(©) - 5V3 (V6 -5)

B) - 53 (5+6)
(D) None of these

Solution: (A)

J3+3 25 5
We have, J1s+V26 5 V1o
344065 V155
332 1
= (5 |Vis+426 5 V2] s
3+465 B A5
(Taking J5 common from C, and Cy)
B2 1
=510 5 V2
0 3 5

(Applying C; — C, - V3 G- Vi3 )
=— 5B (5-6)

(Expanding along C,)

r—1 n 6
25. If A, = |[(r=1)> 2" 4n-2 |, then D A, is
(r— 1)3 3 3n® -3n !

equal to

A1 (B) 2

©) 3 D) 0

Solution: (D)

We have,

zn:(r—l) n 6
r=1

A, =Y -1 20" 4n-2
r=1

N (-1 30’ 30’ -3n
r=1

[ the terms in C, are dependent on r whereas the
terms in C, and Cj are constant]

1
~(n-1 6
2(n )n n

1
= E(n—l)n(zn—l) 2n*  4n-2

3n% = 3n

1
" (n-1%n*>  3°
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1 6 1 6
= Enz(n—l) 22n—-1) 2n 2(2n-1)
3n(n—1) 3n* 3n (n—=1)

1
[Taking o n (n—1) common from C; and n common

from C,] = 0. [~ C, and C; are identical].
27 x 2 -1
n
26. IfA,= (237" » 3"—1{,then Y A, is
4570 2 5" - o

(A) independent of x
(C) independent of z
Solution: (A, B, C, D)
We have,

(B) independent of y
(D) independent of n

iz’*‘ x 2"-1

r=1

YA, = iz.z"*‘ y 3"-1
r=1

i4.5’*1 z 5"-1
r=1

2" -1 x 2" -1

=[3"-1 y 3" -1
5"—-1 z 5"-1
n n _
'.'ZAr:1+2+22+...+2”“:2 Loo,
r=1 2-1
: 3" -1
similarly  2-3"7' =2 377!

=0 (~ C, and Cj; are identical)

2 A, is independent of x, y, z and n.

r=1

27. Ifa, b, c are the pth, gth and rth terms respectively of a
loga p 1
geometric progression, then |logh ¢ 1] isequal to

loge r 1

A0 B) 1
©) -1 (d) none of these
Solution: (A)
loga p 1
We have, |logh ¢ 1
loge r 1

logd+(p—-1logR p 1
=|logd+(qg—1DlogR ¢q 1
logAd+(r—1)logR r 1

[Let A be the first term and R the common ratio of
G.P, then

a=T,=AR""',

s loga=logA+(p—1)logR.
o -1
b—Tq—ARq ,

s logb=logA+(qg—1)logR.
c=T.=AR" ',

sologe=logA+(r—1)logR.]

I p 1 p—-1 p 1
=logAd|l ¢q 1|+logR|g-1 g 1
1 r 1 r—=1 r 1
0 p 1
=0+1logR [0 ¢ 1
0 r 1

(Applying C;, = C, - C, + Cy)
=0.

28. If 4,B,C,, 4,B,C, and 4;B,C; are three-digit num-
bers, each of which is divisible by &, then
4 B G
A=|4, B, C,|is
45 By Gy
(A) divisible by &
(C) divisible by 2k
Solution: (A)
Since 4,B,C, , 4,B,C, and 4;B,C; are divisible by &,
therefore

(B) divisible by &*
(D) None of these

1004, + 10B, + C, = n k
1004, + 10B, + C, = n,k
1004, + 10B, + C; = n3k
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29.

30.

where n,, n,, ny are integers.

4 B G
Now A=|4, B, C,
4 By G
A4 B, 1004, +10B, +C,
=|4, B, 1004, +10B, +C,
Ay By 1004; +108; + C;
(Applying C; = C5 + 10C, + 100C)
4 B, nk 4 B n
=|4, B, mk|=k|4, B, n,|=kA
A, By mk Ay By
= A s divisible by &

(Since elements of A, are integers, .. A, is an integer)

a*>+2a 2a+1 1

The determinant | 2a+1 a+2 1]is
3 3 1
(A) >0ifa>1 (B) =0ifa=1

(C) <0ifa<1
Solution: (D)

(D) All of these

a*+2a 2a+1 1
2a+1 a+2 1
3 3001

Let A=

a+2a-3 2a-2 0
= 2a -2 a-1 0
3 3 1
(Applying R, = R, — R;,and R, = R, — R;)
a+2a-3 2a-2
2a -2 a—1

(Expanding along C5)
(a+3)(a-1) 2(a-1

2(a—-1) a—1
-1y a+3 2
2 1

=(@-17 (a+3-4)=@-1)".
Clearly, A>0ifa>1;A=0ifa=1and A<Oifa<1.

If 4, B, and C are the angles of a triangle, then the
value of the determinant

—1+cosB cosC+cosB cosB
cosC+cosd —1+cosAd cosA| is
—1+cosB —1+cos A4 -1

(A) 0 (B) 1
(-1 (D) 2
Solution: (A)
We have,
—1+cosB cosC+cosB cosB
cosC+cosd —l+cosd cosAd
—1+cosB —1+cos4 -1
-1  cosC cosB
=|cosC -1 cos4
cosB cosd -1

(Applying C;, —» C, - Cyand C, = C, - Cy)
—-a cosC cosB

= acosC -1 cosAd

acosB cosAdA -1

0 cosC cosB
= l 0 -1 cos4
0 cosd -1
(Applying C;, - C,+b C, + ¢ Cy)
=0.

31. Ifthe three digit numbers 428, 389 and 62C, where 4,

B and C are integers between 0 and 9, are divisible by
4 3 6
a fixed integer k, then the determinant |8 9 C| is

2 B 2

(B) divisible by &*
(D) None of these

(A) divisible by k&
(C) divisible by 2k

Solution: (A)
Since A28, 3B9 and 62C are divisible by &

A28 =nk=1004 +20 + 8 (1)
3B9 =nyk=300+10B+9 2)
62C=n3k=600+20+C (3)
where n,, n, and n; are integers.
4 3 6
Now, |8 9 C
2 B 2
A 3 6
=[1004+20+8 300+108B+9 600+20+C
2 B 2

(Applying R, — R, + 100R, + 10R;)



4 3 6
= |\mk nk mk
2 B 2
4 3 6
=k|n n,
2 B 2

X+a a2 a3

Determinants 6.13

[Using(1), (2) and (3)]

ny |, which is divisible by k.

32. If [x+b b> b’|=0anda#b#cthenxisequal to

X+c 02 C3

(A) abc/(ab + be + ca)
(B) —abc/(ab + bc + ca)
(C) (ab+ bc + ca)l(abc)
(D) —(ab + bc + ca)/(abc)

Solution: (B)

xX+a a2 613
We have, |x+b b> b°| =0
X+c 02 C3
X a2 613 a 612 03
= |x b Pl+|p b* H|=0
X Cz C3 C C2 C'3
1 &> & 1 a &
=x|1 b* b|+abc|l b b*|=0
1 &2 & 1 ¢ ¢?

= x(a—b)(b—c)(c—a)(ab+ bc+ ca)
+abc(a—b)(b—c)(c—a)=0

= x =—abc/(ab + bc + ca) (-

seCx  CosSx
33. If fix) = cos’x cos> x

2
1 cos” x

/2
then J f(x)dx isequal to
0

(A) (157+ 32)/60
(C) (157+32)/4

a#b#c)

Sec2 X + cot xcosecx
008602 X 5

COS2 X

(B) — (157+32)/60
(D) None of these

Solution: (B)

We have,
secx  Ccosx sec’ x + COtXCOSecx
fx) = cos’x cos® x cosec? x
1 cos® x cos® x
0 0 sec? x + C‘Oix —Cosx
sin” x

COSGCZ)C - COS4 X

COS2 X

=[0 cos®x—cos*x

2
1 cos” x

(Applying R, > R, —Rysecxand R, — R, — R, cos’x)
Expanding along C,, we get

2 .2 1 COos x
f(x)=—cos"x sin"x S—+—— — —cosx
cos“x sin“x

=— (sinzx +cos’ x — cos’ x sin’ X)
)
=—(sin"x + cos’ x — cos® x + cos’ X)

=—sin’x - cos’ x.

/2 /2 /2
J f(x)dx =- J sin’ x dx — J. cos’ x dx
0 0 0
__ Lz 42
2 2 531
I8 (ism+32)060.
4 15
34. The value of the determinant of n™ order, being given
x 1 1
1 x 1 ..
b , 18
Y 1 1 x

(A) x=1)" "x+n-1)
B) x—1)'(x+n-1)
©) (1-x)"""x+n-1)
(D) None of these
Solution: (A)

x 1 1
1

X

We have,
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X 1 1
-0 (-0
Tla-x) 0 (x-1

[Applying R, > R, — R, R; > R;—R,, ...,
Rn - Rn _Rl]

=x(x-1""+

x=-D""+x-D""+ o+ (x-D"!
(n—1) times

(Expanding along R))
=x (x=-D)""+ x-1"!
[I+1+..+(rn—1)times]

=(x-D)""x+n-1.

PRODUCT OF DETERMINANTS OF SAME
ORDER

a b ¢ o Bon
LetAj=|a, b, ¢, |andAy=|0, B, 7,
ay; by o o By vs

Then row by row multiplication of A, and A, is given by,
a oy +b B+ y
A XA =lay o4 +b, B +c, 7
a3 04 +by B+ v

a 0 +b B+ v,
a4 0 +b Br+e 7,
a3 0 +by By + 37,
a o3 + b By + ¢y
a, 03 + b,y + ¢,7;5
ay 03 + b33 + 375
Multiplication can also be performed row by column;

column by row or column by column as required in the
problem.

Some Useful Determinants

Any of the following determinants can be used directly in
solving problems:

2
1 a a

L |1 » b*|=(a-b)y(b-c)(c—a)

2
1 ¢ ¢

=(a-b)y(b-c)(c—a)(a+b+c)

=(a-b)(b-c)(c—a)(ab+ bc+ ca)

=— (&’ + b+ —3abc)

=

S

(9}
S QO

= —%[a +b+0)(a—-b)*

+(b-¢) +(c—0a)]

TRICK(S) FOR PROBLEM SOLVING

If A’is the determinant obtained by replacing all the elements
of determinant A of order n by their corresponding cofactors,
then A’=A"" ",

In particular,
a b ¢ A B G
fA=\|a, b, c,[ A =|A B G
a3 by G Ay By G

where A,, B, C,, ... are cofactors of a,, by, ¢, ... etc,, then
Al =A%

SOLVED EXAMPLES

x b b

35. If Ay = |a x b| and A, = are the given

a a X

determinants, then
d

(A) A =34 (B) —-A=34,

(© 4-a=3a7 (D) A =3 (&)

Solution: (B)

J 1 0 0 x b b x b b
—A=|la x b|+|0 1 O|+|a x b
dx
a a x a a x 0 0 1
b b b
=* 74 T2 23a,
a x a x a x
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x 2 x
36. If |2y | =Ax*+ Bx’ + Cx* + Dx + E, then the

X x 6
value of 54 + 4B+ 3C + 2D + E is equal to

(A) 11
(©) -17

Solution: (A)

(B) 17
(D) 0

x 2 x
LetA(x)= [x*> x 6
x x 6

Then, 54+4B+3C+2D+E=A(1)+A(1)

Now, A(1) = 0 as R, and R, are identical.

101 x 2 x x 2 x
ANx)=[x> x 6[+[2x 1 0
x x 6 X x 6 1 1

1 21 1 21
AN)=0+[2 1 0|+|1 1 6|=-17+6=-11
1 1 6 110

5SA+4B+3C+2D+E=-11

aq b q
37. If D=|a, b, c,|and
a by
a,+pb, b +qc ¢ +rg
D'=\|a, + pb, b,+qc, c,+ra,|,then
ay + pby by +qcy ¢y +ra,
(A) D'=D (1 +pgr)
(B) D'=D
(C) D'=D (1 -pgr)
D) D=D(+p+qg+r)
Solution: (A)
aq b q b ¢ q
D'=\a, b, ¢ |+pgr|b, ¢, a,
a; by o by ¢ a

(All other determinants will vanish)

=1 +pgr)D

SOLUTION OF LINEAR EQUATIONS BY
DETERMINANTS

1. Cramer’s Rule: Solution of system of
linear equations in two unknowns

The solution of the system of equations

ax+by=c ax+b,y=c,
is given by
D
x=— and y = =2 s

where

a b ¢ b

p=|4 | D, = 10

a b, ¢ b

4G G .
and D, = , provided D # 0.

G G

2. Cramer’s Rule: Solution of system of
linear equations in three unknowns

The solution of the system of equations
ax+by+cz=d,
ax+b,y+cz=d,

ax+byy+cz=d,

is given by

D, D D

x= —l,y: =2 andz= —3, where
D D D
aq b q d b ¢

D=\a, b, ¢ |;D/=|d, by c,
a; by o dy by o
a 4 ¢ aq b 4

Dy=\a, d, ¢ |;Dys=|a, b, d,|;

ay dy ay by d

provided D # 0.

Conditions for Consistency
The following cases may arise:

1. If D # 0, then the system is consistent and has a unique
solution, which is given by Cramer’s rule:

= 23
D7D D
2. If D = 0 and atleast one of the determinants D, D,, D

is non-zero, the given system is inconsistent, i.e., it has
no solution.
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3. If D=0 and D, = D, = D; = 0, then the system is
consistent and dependent, and has infinitely many
solutions.

Homogeneous and Non-homogeneous System

If d| = d, = d; = 0, then the system is said to be, homogene-
ous, otherwise it is called non-homogeneous.

If the system of equations is homogeneous, then
D, = D, = Dy =0 (value of the determinant is zero, if one
column has all elements = 0). Thus,

1. if D # 0, the system has only trivial solution (x =y =z
=0), and

2. if D =0, the system has a non-trivial solution. In fact it
has infinitely many solutions.

SOLVED EXAMPLES

38. Ifx=cy+bz,y=az+cx,z=>bx+ay wherex, y, z are
not all zero, then
(A) P+ ++2abc=0
(B) &+ b+ —2abc=1
(C) & +b*+c*+2abc=1
(D) None of these

Solution: (C)

We have, x—cy—bz=0
cx—y+az=0
bx+ay—z=0

Since x, y, z are not all zero, so the system will have a
non-trivial solution. Therefore,

1 —¢ -b
c -1 al|=0
b a -1

= 1(l-d)+c(-c—ab)—b(ac+b)=0
= &+ b+ +2abc=1

39. The value of A for which the equations x +y — 3 =0,
1+AH)x+Q2+A)y-8=0,x—-(1+D)y+2+A1)=0
are consistent is
(A) 1 (B) 5/3
(C) —-5/3 (D) None of these

Solution: (A, C)

Here the equations are in two variables x and y. If they
are consistent then the values of x and y obtained from
first two equations should satisfy the third equation
and hence D=0. i.e.,

40.

1 1 -3
= 1+4 2+4 -8 [ =0
1 -1-1 2+A

1 0 0
= 1+ A 1 -5+31]| =0
1 -2-A 542

(Applying C, —» C, - C,, C; = C;+3C))

= G+H+QC+AH(-5+31H=0

= 322 4+24-5=0

= (A-1)(BA+5)=0

= 1:1__§
3

Let Aand abe real. The set of all values of A for which
the system of linear equations

Ax+(sin @) y+(cos @) z=0
x+(cosa)y+(sina)z=0
—x+(sin) y—(cosa)z=0

has a non-trivial solution, is

(A) [0, V2] (B) [-v2,0]

©) [- V2,421 (D) None of these

Solution: (C)
Since the system has a non-trivial solution,

A sina  coso
therefore | 1  cosax  sina | =0

-1 sina —coso

= A (= cos® a— sin® &) — (— sin ¢t cos o —sin &
cos &) — (sin2 o— cosza) =0

= —A+sin2a+cos200=0= A=sin 20+ cos
20

= A= 2 cos (20{—%)

Since —1 <cos (205—%) <1VaeR

~ 2 <As2ie de V2,421
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EXERCISES

Let o, o, and fB,, 3, be the roots of ax* + bx + ¢ =0
and px2 + gx + r =0 respectively. If the system of equa-
tions o y + oz =0 and B,y + B,z = 0 has a non-trivial
solution, then

b* ac c? ab
A) — =— B) 5 =—
q pr r pq
a’ bc
© —=— (D) None of these
P qr

. a, b, c are in G.P. with common ratio r, and ¢, S, yare

in G.P. with common ratio r,. If the equations ax + ay
+z=0,bx+ fy+z=0, cx+ yy+z=0have only trivial
solution, then
(A) a, =0

©) r,rpzl

(B) }"1,]’2=1
D) ry=n,

If the value of a third order determinant is 11, then the
value of the determinant formed by its cofactors will
be

(A) 11
(C) 1331

(B) 121
(D) 14641

11 1 .
If —, i’ and — are respectively the pth, qth and /"
a c

terms of an A.P,, then the value of the determinant

8 C, 9 C, 10 C,
¢, ¢ ¢, |is
9Cn 10Cn+2 11Cn+4

(A) abc (B) pgr

<) 0 (D) None of these

The value of the determinant

\/;+\/; 22z
\/;+\/§ z \/Z;

v oz oz

where x, y, z are positive real numbers, is
(A) z 2y -z») (B) ¥ (2z-yy2)
©) x (\/Ey - z\/;) (D) None of these

10.

o B 14
. LetD, = | 23F 16.9* 26.27% | then the
30— 2090 -1 27°-1
10
value of z D, is
k=1
(A) 2(a+ B+ (B) af+ ay+ Py
(©) opy (D) 0
. If M is a 3 x 3 matrix, where M’M = I and det(M) = 1,

then det(M —17) =
A) 1
© -1

(B) 0
(D) None of these

. If [x] denotes the greatest integer less than or equal to

x, then the value of the determinant

[e] [x]  [7”-6]
[#] [#*-6] [e] |,then
(7% ~6]  [e] [7]
(A) -8 (B) 8
) 0 (D) None of these
. Ifa, b,c;e R(i=1,2,3)andx € R and
a+bx ax+b ¢
a, +byx ayx+b, c¢,|=0,then

ay+byx ayx+by

o b g
(A) |ay b, ¢,|=4 B) x==%1
a3 by o
(C) x=2 (D) None of these

The value of the determinant

sin@ cosO sin26

sin 9+2_7r cos 0+2_7r sin 29+4_7r is
3 3 3

sin 9—2—ﬂ cos 9_2_7r sin 20—4—7[
3 3 3

(A) 0 (B) sin 0
(C) cos @ (D) independent of 6
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11.

12.

13.

14.

15.

16.

1 n n
IfD,=| 2k n*+n+2 n*+n |and
2k—-1 n’ n+n+2

Z D, =48, then n equals
k=1

(A) 4 (B) 6
©) 8 (D) None of these
If 4, B, C are the angles of a triangle and
1 1 1
1+sin 4 1+sin B 1+sinC =0,
sind+sin’4 sinB+sin? B sinC +sin’ C

then the triangle is a/an
(A) equilaterral
(C) right-angled triangle

(B) isosceles

(D) any triangle

If ay, a, a,, a3, a, are in A.P with the common

qa, a4

difference d, the value of |a,a; a, ais

aza,  ay  a
(B) 2d°
(D) 2d

(A) 2d*
(C) 2d°

If o, B, yare different from and are the roots of ax® +
bx* + ex+d =0 and

B-v (- (ax— P = % , then the determinant

|l B 7|
- 1-B 1-y
A= o B equals
o B ¥
25d )
@A) =2 ®) 24
2a a
©) _2d (D) None of these
a+b+c+d

Let {A|, A,, As, ..., A;} be the set of third order deter-
minants that can be made with the distinct nonzero
real numbers a,, a5, s, ..., dg. Then

k
(B) ZAI:O

i=1

(D) None of these

(A) k=9

(C) atleastone A;=0

1+x)"  (1+2x)° 1
If f(x) =| 1 (1+x)*  (1+2x)"], a, b being
(1+2x)° 1 (1+x)*

positive integers, then

(A) constant term of f(x) is 4
(B) coefficieent of x in f(x) is 0
(C) constant term in f(x)isa —b
(D) constant term in f(x) isa + b

18.

19.

20.

21.

22.

N
2 2 11 ,
IfP= , A= and Q = PAP’, then
1B 01
2 2
p/QZOOSP is
) 1 1 ®) 1 2005
2005 1 0 1
© 1 0 D) 1 2005
0 1 2005 1
xn xn +2 xn +3
If yn yn +2 yn +3
Zn Zn +2 Zn +3

=@—w@—m@—n{§+§+l)mmn:

z
A) =2 (B) -1
© 0 D) 1
If o, B, yare the roots of the equation ax’ + bx* + ¢
o By
=0, then the value of the determinant | By ya of8
Yo of Py
(A) a (B) b
(ORY D) ¢
Ifp+qg+r=0=a+b+c, then the value of the deter-
pa gb rc
minant|gc ra pb| is
b pc qa
(A) O (B) pq+qgb+rc
O 1 (D) None of these

A determinant of second order is made with the ele-
ments 0 and 1. The number of determinants with
non-negative values is

(A) 3 (B) 10
©) 11 (D) 13
2 df, d*f,
— . . 7 17 J J
If];— Zaaijx ,]—1,2,3and1fj§,/§ denotea, P

ho fh S
s
1R K

respectively, then g (x) = | f;



23.

24.

25.

26.

27.

28.

Determinants 6.19

(B) a quadratic in x
(D) a constant

(A) acubicinx
(C) linear in x

The value of the determinant

2a.b, aby +a,b;  a\by + azb

A= ab, + a,b, 2a,b, a,b; + a;b,| is

ayby + azb,  azb, +ayby 2a3b,
A) 1 (B) -1
© 0 (D) ayaya3b,b,b;
IfA+B+C=r,ée%=cos 6+isin fand

QA ,iC -iB
7= e—zC eZiB e—iA then

e—zB e—iA eZlC
(A) Re(z)=4 (B) Im(2)=0
(C) Re(z)=-4 (D) Im (z)=—-1
Ifx;=a;bic;, i = 1,2, 3, are theree-digit positive inte-

gers such that each x; is a multiple of 19, then for some
a a, a

integern, A= |b b, by| isgiven by
a & G

(A) 19n+1

(C) 19n

(B) 19n+2
(D) 197 +3

If the system of equations ax + by + ¢ =0, bx +cy +a
=0, cx + ay + b = 0 has a solution then the system of
equations

b+c)x+(c+a)y+(a+b)z=0
(c+a)x+(a+b)y+(b+c)z=0
(a+b)x+(b+c)y+(c+a)z=0has

(A) only one solution

(B) no solution

(C) infinite number of solutions

(D) None of these

b+c)(y+z)—ax=b—c,
(c+a)(z+x)—by=c—a,
(a+b)(x+y)—cz=a—b,
where a + b+ ¢ #0, then x =

c—b a-c
A) — _—
at+b+c at+b+c
b—a 1
) — D) ——
© at+b+c (D) at+b+c

The equations x +y+z=6,x+ 2y +3z=10, x + 2y +
mz = n give infinite number of values of the triplet (x,
y, z) if

29.

30.

31.

32.

33.

34.

3s.

(A) m=3,ne R B) m=3,n#10

(C) m=3,n=10 (D) None of these
1+x 1 1

Ifx#0,y#0,z#0and |[l+y 1+2y 1 | =0,
1+z 1+z 143z

thenx ' +y ' + 2z is equal to

A) -1 (B) -2
) 3 (D) None of these
X 1+ x? x°
IfA(x)=|log(1+x*) ¢  sinx | then
cos X tanx sin®x
(A) A (x)is divisible by x B) A(x)=0

(C) A (x)=0 (D) None of these

The number of values of k& for which the linear
equations

4x+ky+2z=0

x+4y+z=0

2x+2y+z=0

possess a non-zero solution is
(A) 0 (B) 3 © 2 D) 1

Let P and QO be 3 x 3 matrices P # Q. If P = Q3 and
P2Q = QZP, then determinant of (P + Qz) is equal to:

(A) -2 B) 1 © 0 D) -1
J3+3 245 5

The value of the determinant | /15 ++/26 5 10
34465 155

is equal to:

(A) 53(\6 - 5) B) 5V3(/6 —+/5)

(© 5(J6-3) (D) 3(6 -5)

Let a, b, ¢ be any real numbers. Suppose that there are

real numbers x, y, z not all zero such that x =cy + bz, y
=az+cxandz=bx+ay.Thena2+b2+cz+2abc is
equal to

(A) 2 B) -1 <) 0 (D) 1
a a+l a-l
Leta,b,cbesuchthatb(a+c)#0.1f|-b b+1 b-1
c c—1 c+l1
a+1 b+1 c—1
+ a—1 b-1 c+1| =0, then the value
1" 2a (=1)"*'h (=1)"¢
of ‘n’is
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36.

37.

38.

39.

40.

(A) zero
(C) any odd integer

(B) any even integer
(D) any integer

Let 4 be a 2 X 2 matrix

Statement-1: adj (adj 4) =4

Statement-2: |adj 4| = | A4 |

(A) Statement-1 is true, Statement-2 is true;
Statement-2 is a correct explanation for
Statement- 1

(B) Statement-1 1is true, Statement-2 is true;
Statement-2 is not a correct explanation for
Statement-1

(C) Statement-1 is true, Statement-2 is false

(D) Statement-1 is false, Statement-2 is true

Ifa, b,c,d>0;x€ Rand
(@* + b* + A = 2(ab + be + cd) x + b* + F + d* <0,

33 14 loga
then | 65 27 logb | =
97 40 logc
A) 1 B) -1
) 0 (D) None of these

The value of the determinant

NERNE I RN

\/E+\/% 5 x/ﬁ 1S
3+\/5 \/E 5

(B) - 53 5+ 6)
(D) None of these

(A) -5 5-+6)
(©) - 53 (J6-5)

If 4,B,C,, A,B,C, and A;B,C; are three three-digit
numbers, each of which is divisible by £, then

Al Bl Cl
A=|4, B, G,|is
A3 BS C3

(B) divisible by &
(D) None of these

(A) divisible by k&
(C) divisible by 2k

If the three-digit numbers A28, 3B9 and 62C, where 4,
B and C are integers between 0 and 9, are divisible by

4 3 6
a fixed integer £, then the determinant |8 9 C| is
2 B 2

(B) divisible by &*
(D) None of these

(A) divisible by &
(C) divisible by 2k

41.

42.

43.

44.

45.

The value of the determinant of nth order, being given
x 1 1
1 x 1

by , 18

1 1 x

A) x=1"""x+n-1)
B) ¢x-1)"(x+n-1)
C€) A=x)"""x+n-1)
(D) None of these

The value of the determinant

ey 2dz 2
Sz +v2x 2 V2z|;
vz Az oz
where x, y, z are positive real numbers, is
A) z 2y -2y B) y (V22— y\z)
©) x (x/Ey - z\/;) (D) None of these
&/,

2

2 df;
Iff=Y a,x',j =1,2,3andif f/f” denote —L,
J g& ij 77 dx  dx

h fHof
A s
](i,, f,zlf .féll

(B) a quadratic in x
(D) a constant

respectively, then g (x) = fl’

(A) acubicinx
(C) linear in x

Ifx;=a,;bc, i =12, 3, are theree-digit positive inte-

gers such that each x; is a multiple of 19, then for some
4 G 4

integer n, A= |b, b, b;| is given by

G G G

(A) 19n+1 (B) 19n+2
(C) 19n (D) 19n+3
(b+c)y(y+z)—ax=b—c,
(c+a)(z+x)—by=c—a,
(a+b)(x+y)—cz=a—b,
where a+b+c#0, thenx =

c—b a-c
A) —— B) —
(A) a+b+c ® a+b+c

b—a 1
) —— D) ——
© a+b+c D) a+b+c



46.

47.

48.

49.

50.

51.
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1+x 1 1
Ifx#0,y#0,z#0and |[l+y 1+2y 1 [=0,
1+z 1+z 143z
thenx ' +y ' +z ' is equal to
A) -1 (B) -2
(C) -3 (D) None of these
a’ (s— a)2 (s — a)2
If2s=a+b+cand |[(s—b)*  b* (s—-b)|=
(s—c)P (s—c)P ¢
k(s —a) (s —b) (s — ¢), then £k is equal to
(A) 2 (B) 2s
(€) 25° (D) 2s°
Let o, f3 be the roots of the equation ax® + bx + ¢ = 0.

Lets,= o' + " for n > 1. Then, the value of the deter-

3 I+
I+,
L+ 85

I+s,
minant |1+ s,

1+,

I+s,]is
1+ s,

(a+b+c)(b* - 4ac)

a4

(a+b+c) (b* - 4ac)
(B) a4
©) (a+b+c) (b* - 4ac)
az

(D) None of these

(A)

a b—c c+b

The value of the determinant|a+c¢ b  c—alis
(A) P+b+°

(B) abc (a+b+c)

C) @+ +A) (a+b+c)
(D) None of these

a-b a+b c

cosec o 1 0 . .
If 1 2coseco 1 = —(23 + —3),
0 1 2coseco ‘

then z is equal to

(A) sin o2 (B) cos 072
(C) tan or2 (D) None of these
a’ b? ?

If [(a+1)* B+1)* (c+D*|=k (@ - b) (b-c)
(a-1° (-1 (-1
(¢ —a), then k is equal to

52.

53.

54.

5S.

(A) 4
©) 2

(B) —4
D) -2
The value of the determinant

(a—aq )_2 (a— al)_l al_1
(a=a)? (a=a)™ a'|is

(a—ay )_2 (a— a3)_] a3_l

2 2
a’ll(a; —a;) —a’ll(a; —a;)
(a) LT (e
ra; 11(a—a;) Ia; 1(a - a;)
g, T (a - a,)* Mg, T (a - a;)*
(€) —a T4 (D) —— =t
a’ll(a; —ay) a’Il(a; —a;)
1 1 1
a+x b+x c+x
P
If ! ! ! = — , where Q is the
aty b+y c+y| O
1 1 1
a+z b+z c+z

product of denominators, then P is equal to

(A) (a=b)(b-c)(c—a)

B) x=y)(y-2)(z-x

(©) (a=b)(b-c)(c—a)(x=y) (y—2) (z—x)

(D) None of these

If a, b, ¢, d are the roots of the equation ax”* + fx° + x>
+ O0x + £ =0, then the value of the determinant

I+a 1 1 1
I 1+b6 1 1

1 1 1+c 1
1 1 1 1+d
S5— -0
A) 221 B) =0
o
o— _
© 2=F o) B¢
o o
0 y oz
The value of the determinant —x 0 c b is
-y —¢c 0 a
-z =b —a 0

(B) (ax—by+ cz)2
(D) None of these

(A) (ax+ by +cz)?
(C) (ax+by—cz)®
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56.

57.

58.

59.

60.

61.

The value of the determinant

b* + c? ab ac
ab A +a? bc is
ca ch a’> +b*
(A) d*b* (B) 24°b*¢*
(©) 4a*b’c? (D) None of these
X+¢ x+a x+a
Iffx)=|x+b x+c¢, x+a|andg(x)=(c —x)
xX+b x+b x+c

(¢, —x) (c; —x), then f(0) is equal to

A) bg(a) — ag(b) (B) bg(a) + ag(b)
(b—a) (b+a)

©) bg(a) — ag(b) D) bg(a) + ag(b)
(b+a) (b—a)

2bc — a® ? b?
If c? 2ca - b? a*
b? a? 2ab — ¢*

=(a*+ b* + & + kabc)?, then k is equal to

(A) 2 (B) -2

©) 3 (D) -3

The value of the determinant

By By’ +Bv BY
is |y y'+yoa yo
o o +a'Bf o'p’
A) (o’ =a'P) By =B’ (ve' = 7' @)
B) afya+p+y) (@' + B +y")
©) By (a+B+n(@+p"+7
(D) None of these

Ifa#z0,a#1and

x+1 X X
X x+a X =a3+f(x)-a(a2+a+l),then
X x  x+d
(A) fx)=x (B) f(x)=x"
©) fx) =¥ (D) None of these

The value of the determinant
—bc b*+be c*+be
2 +acl is

—ab

a2 + ac

a*+ab b*+ab

—dac

62.

63.

64.

65.

(A) (@ + b+

(B) (ab + bc + ca)’

(C) (a*+ b*+ cP) (ab + be + ca)
(D) None of these

x+a® ab ac
If| ab x+b> be |=0andx(#0)e Rthen
ac bc x+c?

x is equal to
(A) +b+°
(C) 2@+ b+

B) — (@ +b*+)
(D) None of these

The values of m for which the system of equations
3x + my =m and 2x — 5y = 20 has a solution satisfying
the condition x > 0, y > 0, are

-15

(A) me (—oo,T U (0, )

—-15

B) me (—00’7 U (30, o)

-1

(C me (—oo’ _
) 2
(D) None of these

U (0, 30)

Ifa=cos @+isin 6, b=cos20—isin2 0,c=cos3
a b ¢
O+isin3@andif |p ¢

c a b

a| =0 then Ois equal to

(B) 2nx
(D) None of these

(A) nm
(©) @n+1) 2

The value of the determinant

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)

where a, d > 0, is

4d*
(A) - 2 3 2
a(a+d) (a+2d) (a+3d) (a+4d)
4
(B) 2 421 2
a(a+d) (a+2d) (a+3d) (a+4d)
4d*

L a(a+d)? (a+2d)* (a+3d)? (a+4d)>
(D) None of these



66.

67.

68.

69.

70.

71.
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The value of the determinant

(b+c)Y P b?
? (c+a) a’ is
b? @ (a+b)?

(B) (ab + bc + cay’
(D) None of these

(A) 2 (ab + be + ca)’
(C) 4 (ab + bc + ca)’

If the equations

(@a+1yx+(@+20y=@+30, (@a+ ) x+(a+2)y
=a+3,x+y=1 are consistent then «a is equal to
(A) 1 B) -1

© 2 D) -2

If the system of equations

xsin o+ y sin f+zsin y=0, x cos &+ y cos f+z cos ¥
=0,x+y+z=0, where ¢, 3, yare angles of a triangle,
have a non-trivial solution, then the triangle must be
(A) isosceles (B) equilateral

(C) right angled (D) None of these

Ifx; #0,x,#0,x; # 0, then the determinant

X +ab a,b, a,b,
a,b, X, +ayb, a,by is equal to
ayb, azb, Xy + ayby

b b b
(A) x1x2x3(1+a1 Ly 2% 4 5 3)
X X X3

b b b
B) —x;x, x5 1+4% D% 55
x, X, X,

©) x x5 x l_albl_azbz_a3b3
1% %3 xl x X

(D) None of these

a a+d a+2d
If| &* (a+d)? (a+2d)*| =0,then
2a+3d 2(a+d) 2a+d
(A) a+d=0
B) d=0

(C) d=0ora+d=0

(D) None of these

x+2 (x+2)°
x+3 (x+2)°

(x+2)° x+2

x+3
Let| x+2

x+3

72.

73.

74.

75.

76.

=ax’ +bx®+ex’ + dxt + ex’ +fx2 + gx + h be an iden-
tity in x, where a, b, ¢, d, e, f, g, h are independent of x,
then the value of g is

(A) 213 (B) 213
0 (D) None of these
xn yl’l Zl’l
If xn +2 yn +2 Zn +2
xn +3 n+3 Z" +3
I 1 1
=x—y)(y—2)(z—=x) | —+ —+ —| then
x y z
(A) n=1 B) n=-1
(C) n=2 (D) n=-2
The value of the determinant
sinacosfB cosacosf —sinosinf

sinasinf3 cososinf8  sinacosf | is

coso —sina 0
(A) is independent of o

(B) independent of

(C) independent of o and

(D) None of these

If ¢, 3, yare the roots of the equation X +px+q=0,
then the value of the determinant

1+ 1 1

1 1+B8 1 |is
1 1 I+y
(A) p*-2gq

(B) 3pq

©) p—q

(D) None of these

The value of a determinant of third order whose all
elements are 1 or — 1 is

(A) an even number

(B) an odd number

(C) a prime number

(D) cannot be determined

If square matrices 4 and B are such that A4°% = 4°%4,
BBY= B°B and AB® = B%A, then (4B) (4B)? is equal to
(A) B%4°4B

(B) BA®4B

(C) BA°4B°

(D) None of these
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77.

78.

79.

x 2 x
LetA(x)=|x* x 6 =Ax*+ B + C? + Dx + E.
X x 6
Then, the value of 54 + 4B +3C+ 2D + E is equal to
(A) 9 B) -9 © 1 (D) - 11
IfA =
POy A3 PGP -2
xz3(z6—x6)

xz2(x*=2%)

02 (x% =%
(7 -x)

y223 (yﬁ _Z6)
V2 (2 -))

223

S 2%, then A A, =

8 9
z

X

and, A, = x*

x7

A I

(A) A%

: (B) A%
(©) A%

(D) None of these
a b c

Ifabc=yA=|c a b|andAA’ =1, thena,b,care
b ¢ a

the roots of the equation.

More than One Option Correct Type

82.

83.

84.

80.

81.

(A) ¥ +x*+y=0
(B) X+2x% +y=0
(C) X +x*—y=0
(D) ¥’ £2x°—y=0

If a, b, c are the sides of a triangle ABC such that
a’ b? 2
(a+1)* (b+1)* (c+1)*| =0, then AABC'is
(@a=1* (b= (c-1?

(A) aright angled triangle
(B) an isosceles triangle
(C) an equilateral triangle
(D) None of these

The set of equations : Ax —y + (cos O)z=0; 3x+y + 2z
=0; (cos Ox +y +2z=0, 0 < 0<2rx, has non-trivial
solutions.

(A) for no values of A and 6

(B) for all values of A and 0

(C) for all values of A and only two values of 8

(D) for only one value of 4 and all values of 6

The value of A for which the equations x + y —3 =0,
A+D)x+Q2+A)y-8=0,x—(1+D)y+2+A)=0
are consistent is
(A) 1

(C) —=5/3

(B) 5/3
(D) None of these

Let {A, A,, A, ..., A} be the set of third order deter-
minants that can be made with the distinct non-zero
real numbers a,, a,, as, ..., aq. Then,

k
(B) > 4,=0

i=1

(D) None of these

(A) k=09

(C) atleastone A;=0

IfA+B+C=m, e%=cos 0+ i sin Oand

eZlA e—iC e—lB
z=1e7C B 7| then

B g L2
(A) Re (z) =4 (B) Im (z)=0
(C) Re (z)=—4 (D) Im (z)=-1

85.

86.

x—2
3x — 3| =Ax + B, then

x2+x x+1
If[2x2 +3x—1 3x

¥ H+2x+3 2x—1 2x—1

4.0 0 4.0 0
(A) A=|2 3 3 B)B=1[2 3 3
40 2 4 0 -1
4.0 0 40 0
€ A=|2 3 -3 (D) B=|2 3 -3
4.0 2 4 0 -1

0 x—a x-b
If|x+a 0
x+b x+c 0
(A) x=0ifb(a+c)<ac

B) x== /b(a+c)—ac ifb(a+c)>ac
(C©) x=0,% Jb(a+c)—ac ifb(a+c)>ac

(D) None of these

x—c|=0,a#b#c,then



87.

88.

89.

90.

91.
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bc—a* ca-b*> ab-c* ot B B
If [ca—b> ab-c* be-d*| = |B* o PB*|,

ab-c* be—a* ca-b* B> B> o
then

(B) f*=ab+bc+ca
(D) fP=d*+b*+ ¢

(A) o?=d*+ b+
(C) a*=ab+bc+ca

sinx siny sinz
The determinant | cosx cosy cosz |;0<ux,y,
cos®x  cos’ y cos’ z

T . .
z< R is equal to zero if

(A) x=y
©) z=x

B) y=z
(D) x+y+z=§

The value of the determinant

cos(0+a) —sin(@+a) cos2a
sin@ cos@ sino | is
—cos@ sin@ Acoso

(A) independent of @ forall A€ R

(B) independent of 8 and @ when A= 1
(C) independent of @ and @ when A=—1
(D) None of these

The value of 6 lying between 8 =0 and 6 = T and
satisfying the equation 2

1+sin’0  cos’6 4sin40
sin®@ 1+cos’0 4sin40 |=0is
sin 6 cos’@ 1+ 4sin40
r 5
A) — ®) 2~
24 24
11m
©) — D) —
24 24
/2
Ifan = I M dx s then
0 1—cos2x
(A) a,,,is AM. between a, and a, , ,
(B) a,.,1s G.M between a, and a,, , ,

(©) a,,,is HM. between a, and a,, , ,
4 d 4
D) |ay as ag| =0

a; ag ag

92.

93.

94.

95.

If o, B, yare non-zero real numbers such that

By rx op
yoo off PBy| =0, then
o By y
(A) 1+L+% =0
Y ao B
1 1 1
B) —+—+— =0
()ﬁ P
(C) 1+L+L =0

By aw?
(D) (afy + (B’ +(yo)’ =30°B°Y

The positive integral solutions of the equation

X +1 xzy x’z
xw? Y +1  y?z| =30are
xz2 yz2 241
A G, L1 B) (1,3, 1)
© (4, 1,3) D) -1,1,3)
e’ sin x 1

Iff(x)=|cosx log(l+ x*) 1| =a+bx +cx’, then

X x? 1
(A) a=0 B) a=1
(C) b=-1 (D) b=-2
If maximum and minimum values of the determinant
1+ sin’ x cos? x sin2x
sin?x  l+cos’x sin2x | are orand f3, then
sin® x cos? x 1+ sin2x
(A) a+p”=4

B) o’ - p'"=26
(C) (a*" - B*) is always an even integer for n € N

(D) a triangle can be constructed having its sides as
o—f, o+ Band a+3p
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Passage Based Questions

Passage |

Let 4 =[a;] be an n X n matrix. The matrix 4 — Al is called
the characteristics matrix of 4, where A is a scalar and [ is
the identity matrix. The determinant | 4 — A/ | is a non-null
polynomial of degree 7 in A and is called the characteristic
polynomial of A. The equation | 4 — Al | = 0 is called the
characteristic equation of 4 and its roots are called the char-
acteristic roots or latent roots or eigen values of A. The set
of all eigenvalues of the matrix A is called the spectrum of
A. The product of the eigenvalues of a matrix 4 is equal to
the determinant 4.

1 0 2
96. The characteristic roots of the matrix 4= [0 1 2
are 1 20
A) 1 (B) 2
(C) -2 (D) 3
1 -3 3
97. The given values of the matrix A= |3 -5 3| are
6 -6 4
(A) 4,-2,-2, (B) —4,2,-2
(C) 745 232 (D) 437432

Match the Column Type

98. Which of the following statements are true?

If 4 is any n X n matrix and A is a characteristic root of

A, then

(A) A4 and A’ have the same characteristic roots

(B) kAis a characteristic root of k4 (k being scalar)

(C) A" is a characteristic root of 4" (n being positive
integer)

1. . -
(D) 1 is a characteristic root of 4~

99. Which of the following statements are correct?

(A) If A, B are n rowed square matrices and A is
non-singular, then A'B and BA™" has same char-
acter-istic roots.

(B) If 4 and P are square matrices of same order and
P is non-singular, then 4 and P~ '4P have same
characteristic roots.

(C) If 4 and B be two square matrices of same order,
then 4B and BA have same characteristic roots.

(D) All of these

2

I+x x X
100. If| x 1+x x* =px5 +gx* + 70 + sx? + fx + w, then
x? x 1+x
Column-I Column-II
I. wisequal to (A) 3
II. #is equal to B) 1
II. p+risequalto (C) —1
IV. ¢g+sisequalto (D) 0

Assertion-Reason Type

Instructions: /n the following questions an Assertion (A) is
given followed by a Reason. (R). Mark your responses from
the following options:
(A) Assertion(A) is True and Reason(R) is
True; Reason(R) is a correct explanation for
Assertion(A)

(B) Assertion(A) is True, Reason(R) is True;
Reason(R) is not a correct explanation for
Assertion(A)

(C) Assertion(A) is True, Reason(R) is False

(D) Assertion(A) is False, Reason(R) is True



101.

102.

103.

107.

108.
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Assertion: If a, b, ¢ are different, then the value of x
0 x—a ¥*-b

satisfying X’ +a 0 x> +¢|=0is0

b x-c 0

Reason: Determinant of a skew-symmetric matrix of

odd order is zero.

Assertion: Let A and o be real. The set of all values

of A for which the system of linear equations

Ax + (sine)y + (cosa)z =0

104.

Reason: The equations a;x + b,y =0, a,x + b,y =0

a, b
.. . . 1 1
have a non-trivial solution if

a, b,

Assertion: a, b, ¢ are in G.P. with common ratio r,
and a, B, yare in G.P. with common ratio r,. If the
equations ax+ ay+z=0,bx+ By+z=0,cx+ yy+
z =0 have only trivial solution, then r; #r,, r, r, # 1.
Reason: The equations a,x + b,y + ¢,z =0, a,x + b,y
+¢,z=0, asx + by + c;z= 0 have only trivial solution

X+ (cos@)y + (sine)z =0 |4 boq
—x + (sin@)y — (cos)z =0 if fa, by, ¢ |#0
has a non-trivial solution, is ay by o
[-V2.47] o1
Reason: The equations ayx + by + ¢,z = 0, ay 105. Assertion: Ifthe value of the determinant |1 5 1
* 1 1 14 — Y, Uy . ..
+ b,y + ¢,z =0, azx + nyy + ¢3z = 0 have a non-trivial is positive, then abe >~ 8 L1 e
solution if Reason: A. M. > G. M.
a boq x+¢ x+a x+a
@ b =0 106. Assertion: If f(x) = |x+b x+c¢, x+a], then
4 by x+b x+b x+g
Assertion: Let o, o, and f3;, B, be the roots of ax’ b g(a)—a g(b)
+ bx + ¢ =0 and px” + gx + r = 0 respectively. If the 10)= h—a » where g(x) = (¢; —x) (¢, —x)
system of equations o,y + oz = ;) and By + Bz=0 (c3—X)
has a non-trivial solution, then —- = ac Reason: /(x) is linear is x.
q pr
Previous Year’s Questions
I, m, n are the pth, gth and rth term of an GP and all  109. If (@ # 1) is a cubic root of unity, then
logl p 1 1 1+it0® o
positive, then {logm ¢ 1| equals [2002] 1—; _1 @* —1| equals [2002]
logn r 1 i —lto-i -1
(A) 3 (B) 2
©) 1 (D) Zero (A) Zero
B) 1
6i -3i 1 (C) i
If |4 3i -1=x+iy,then [2002] D) o
20 3 i 110. If the system of linear equations [2003]
(A) x=3,y=1 x+2ay+az=0
(B)x=l’y=3 x+3by+bz=0
(C)x=6y=3 x+tdcy+cz=0

(D) x=0,y=0

has a non-zero solution, then a, b, ¢
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111.

112.

113.

114.

115.

116.

(A) areinA. P.
(B) arein G.P.
(C) arein H.P.
(D) satisfya+2b+3c=0

If 1, w, & are the cube roots of unity, then
1 0" o™
o"  ®* 1 |(where, n is not a multiple of 3)
o 1 "
is equal to [2003]
(A) 0 (B) 1 ©w D
Ifay, a,, as, ....,a,,.... are in G.P, then the value of the
determinant [2004]
loga, loga,,, loga,,,
loga,,; loga,,, loga,,s|,is
loga,,, loga, ; loga,.
(A) O (B) 2 ) 2 (D) 1
1 1 1
IfD=]1 1+x 1 |forx#0,y#0thenDis

1 1 1+y

[2007]
(A) divisible by neither x not y
(B) divisible by both x and y
(C) divisible by x but not y
(D) divisible by y but not x

Let a, b, ¢ be any real numbers. Suppose that there are
real numbers x, y, z not all zero such that x = ¢y + bz,
y=az+cxand z=bx + ay. Then @ + b* + ¢* + 2abc

is equal to [2008]
(A) 2 (B) —1 © 0 D) 1
Let A be a square matrix all of whose entries are inte-

gers. Then which one of the following is true?
[2008]

(A) If detA = £ 1, then A exists but all its entries
are not necessarily integers

(B) If detA # £ 1, then A" exists and all its entries
are non-integers

(C) If detA ==+ 1, then A" exists and all its entries
are integers

(D) If detA =+ 1, then A" need not exist

Let a, b, ¢ be such that b(a + ¢) # 0. If

a a+l a-1 a+1 b+1 c—1

-b b+1 b-1+| a-1 b-1 c+1 (=0,
c c—1 c+1 (_1)n+2a (_1)n+lb (—l)nc

then the value of ‘n’ is [2009]

117.

118.

119.

120.

121.

122.

(A) Zero

(B) any even integer
(C) any odd integer
(D) any integer

Consider the following system of linear equations:
[2010]

x +2x,+x;=3

2x;+3x, +x3=3

3x; +5x,+2x;=1

The system has

(A) exactly 3 solutions

(B) a unique solution

(C) no solution

(D) infinite number of solutions

The number of values of k for which the homoge-
neous system of linear equations

Ax+ky+2z=0;kx+4y+z=0;2x+2y+z=0

possess a non-zero solution is [2011]
(A) 2 B) 1
(C) Zero D) 3

Let P and O be 3 by 3 matrices with P# Q. If P’ =
0’ and P*Q = Q*P, then determinant of (P* + Q%) is

equal to [2012]
(A) 2 (B) 1 © 0 (D) -1
1 o 3
If P=|1 3 3] isthe adjoint of a 3 X 3 matrix 4
2 4 4
and |4| =4, then «ais equal to [2013]
(A) 11 B) 5 <€) 0 (D) 4
If ,#0,and f(n)=c"+p"and
31+ £()1+£(2)
L+ f ()14 /()14 £ (3) | = K(1- @) (1-B) (e~ B)'.
1+ £(2)1+ £ (3)1+ £ (4)
then K isequal to [2014]
(A) ap (B) op © 1 (D) ~1
The set of all values of A for which the system of

linear equations [2015]

2x, = 2x, +xy = Ax,

2x; = 3x, +2xy = Ax2;

—x; +2x, = Ax,

has a non-trivial solution,

(A) is a singleton.

(B) contains two elements.

(C) contains more than two elements.
(D) is an empty set.
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123. The system of linear equations
x+Ay—z=0
Ax—y—z=0
x+y—Az=0

has a non-trivial solution for:

[2016]

(A) exactly three values of A.
(B) infinitely many values of A.

(C) exactly one value of A.

(D) Exactly two values of A.

ANSWER KEYS

Single Option Correct Type

1. (A) 2. (C) 3.

6. (D) 7. (B) 8.
11. (A) 12. (B) 13.
16. (B) 17. (B) 18.
21. (D) 22. (D) 23.
26. (C) 27. (A) 28.
31. (O) 32. (O) 33.
36. (B) 37. (C) 38.
41. (A) 42. (A) 43.
46. (C) 47. (D) 48.
51. (B) 52. (B) 53.
56. (C) 57. (A) 58.
61. (B) 62. (B) 63.
66. (A) 67. (D) 68.
71. (A) 72. (B) 73.
76. (A) 77. (D) 78.
81. (A)

More than One Option Correct Type

82. (A, C) 83. (A, B) 84.
87. (A, B) 88. (A, B, C, D) 89.
92. (A, B, C, D) 93. (A, B, C) 94,

Passage Based Questions

96. (A, C, D) 97. (A) 98.

Match the Column Type
100. 1 — (B), IT — (A), Il — (C), IV — (B)

Assertion-Reason Type

101. (A) 102. (A) 103.

106. (A)

Previous Year’s Questions

107. (D) 108. (D) 109. (A) 110. (C) 111.
117. (C) 118. (A) 119. (C) 120. (A) 121.

(B) 4
(A) 9
(A) 14.
(B) 19.
(©) 24.
() 29.
(A) 34.
(A) 39.
(D) 44.
(B) 49.
(C) 54.
(D) 59.
(B) 64.
(A) 69.
(B) 74.
(B) 79.
(B, C) 85.
(A, C) 90.
(A, C) 95,
(A, B, C,D) 99,
(A) 104.
(A) 112. (A) 113.
(C) 122. (B) 123.

. (©)
. (B)

(D)
©
(B, C)
©
(D)
(A)
©
©
(B)
(A)
(B)
(A)
©
(A)

(A, D)
A, ©)
(A,B,C)

(D)

(A)

(B) 114. (D)
(A)

86.
91.

. (A)
10.
15.
20.
25.
30.
35.
40.
45.
50.
55.
60.
65.
70.
75.
80.

(A, D)
(A, B)
(A)
©
(A)
©
(A)
(A)
©
(B)
(A)
(B)
©
(A)
(B)

(A, C)
(A, D)

105. (A)

115. (C)

116. (C)
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Single Option Correct Type

HINTS AND SOLUTIONS

4. Since

. 1
1. Since @, o, and B, B, are the roots of ax* + bx + ¢ = 0 and —=4+(g-1)D
px2 + gx + r = 0 respectively, therefore ll)
_ ¢ —=A+@-1)D
o+ o =—00=— 1) ¢
a a where 4 is the first term and D is the common difference.
- r
and S, + 3, :l’ﬁ1ﬂ2:* (2) bc ca ab LI
P b r | =abe|? boe
Since the given system of equations has a non-trivial solution 11) ‘11 | - p q r
o 0 . I 1 1
=0ie, oy, — B, =0
B B

or o o,  ota, /alocz
B B Bth BB,
b b? ac
R ph_ fpe b7 ac
qa ra q pr
The correct option is (A)
. Since a, b, ¢ are in G. P. with common ratio , and ¢, f3, y are
in G. P. with common ratio r,, therefore a # 0, o # 0, b = ar|,
c=arl, B=ary, y= orf
Also, the system of equations have only trivial solution, so

a o 1
b B 1/ #0
c vy 1
a o 1 1 1 1
= ar, or, 1| #0=ax|r r, 1] #0
arl2 ar22 1 rl2 r22 1
1 0 0

= ao|y n-r 1-K|#0
Ko =i =i
[Applying C, = C, - C, C; = C3-C|]

1 0 0

= ao(ry,-r)(-r) |5 1 1 | #0
iontn L+

= ao(r,—-r)(d-r)(l-ry)=0

= rn#Ernn#Elnzl

The correct option is (C)

. We know that A°=A> "' =A% = (11)* = 121.

The correct option is (B)

are p‘h, qlh and 7" terms of an A.P.

a |

s

S| =

s

1
a

= Lossponp
a

A+(p-D)D A+(g-1)D A+(r-1D
=abc D q r
1 1 1

Il
Q
S
[
—_ N O
— O
~

[Applying Ry — R, — (4 = D)R; — DR,]
= 0
The correct option is (C)

. We have,

e+y 2z V2
Jrz+2x 2 N2z

viveE s
e+dy 201
N = NN
vide v =
(Taking Jz common from C, and C5)
-y o2 1
=z| 0 Jz 2
0y vz

(Applying C; = C, — \[y C,— Jx Cy)

==y 2= \2y)=z (V2 y-zy).

The correct option is (A)

. We have,

a B 4

10 10 10 10
> bp,=[2%3" 16-Y 9" 26-Y 27
k=1 k=1 k=1 k=1

301 2090 -1) @27°-1
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a B Y
10 _ 10 _ 10 _
(301} e [T e (270
3-1 9-1 27-1
3101 29" -1 27" -1
a B Y
=39-1 209 -1 (27"°-1|=0
301 209 -1 27% -1

(" R, and R, are identical)

The correct option is (D)
As, MM=Tand |M|=1
= |MM=|I]or|[MM|=|M]| (as[I[=1=[M])
IM'|[M]-|M|=0=|M|(M]|-1)=0
[M|=0or|M|=1
IM|=1
[IM—=T|=|M~-I||M|=|MM — M|

=|I-M|=-M-I|=—-M-1I|
= |M-I|+|M-1|=0=|M-1]=0

The correct option is (B)

L

(v IM[=1)

Since2<e<3,3<nm<4and3 < T-6< 4, the given deter-
minant reduces to
2 3 3
3 3 2
3 2 3

=8

The correct option is (A)

Clearly x = £ 1 satisfies the given equation.
The correct option is (B)

The given determinant

sin@ cosf sin260

= 25in9c052?7r 20059(:05277r 2sin29cos4?7r

sin 9—2—7[ cos G—Z—n sin 29—4—7r
3 3 3

[Applying R, = R, + R;]
sin@ cosO sin20
= —sin@ —cos6 —sin26 =0,

sin(@ - Z—EJ cos(@ - 2—”) sin(29 - 4—EJ
3 3 3

which is independent of 6.
The correct option is (A, D)

11.

12.

13.

n
Zl n n
k=1
n n
sz = ZZk nn+2  ni4n
k=1 k=1
n
221{—1 n? n+n+2
k=1
n n n
= 48=|n*+n n*+n+2 n*+n
n’ n’ n+n+2
n 0 n
=|n*+n 2 n*+n | C,>C,-C
n* 0 n’+n+2

2P+t +2n—n’)=2 (n* +2n)

= 24=n"+2n=25=(mn+1)

=S n+l1=5 (-
n=4

The correct option is (A)

ne N)

The given determinant
1 1 1
sin 4

sin® 4

A = sinC

sin® C

sin B
sin’ B
Operate R; = R; + Ri—R,, R, — R, — R,
1 1
=la b c| o A=0=>@-b)(b-c)c—a)=0
a b
=a=borb=corc=a,i.e., the triangle is isosceles.
The correct option is (B)
qa 4 4
The given determinant = |a,2d d d

a;2d d d
(Applying R, > R, — R, R; > R;—R,)
aa, a a aa, a, a,

2 1 1|=d"|2a, 1 1
2ay 1 1 2d 0 0

=

(Applying Ry — Ry — R,)
=2d" (ay-ap) = 2d"
The correct option is (A)
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14. Taking o, 3, ycommon from C|, C,,C; respectively, we get

15.

16.

| 1 1 1|

l-a 1-B 1-y
A=ofy| 1 1 1
o B 14

(using C, = C,— Cyand C; = C; - C))

_ opy-hHB-a)y-a)|l=r 1=
(I-o)d-pi-y | 1 1

_ ofy(a=BYB-(y-)
(1-a)(1-p)1-7)
As o, f, yare the roots of ax’ + bx’+ ex+ d =0,
a’ + b+ e +d=a(x—a) (x— ) (x—
ofy=—dla
Thus, A = (—d/a)(25/2) _ 25d
(a+b+c+d)/a 2a+b+c+d)
The correct option is (D)

and

The number of
The number
of third-order |=

arrangements of
9!

nine different
determinants numbers in

nine places

k
Now Y A=A +A, + Ay +..+A,
i=1

' Za;, Xa, Za;
= YA, =[Zq Za Xa|=0
=l Ya, Xa; ZXa
The correct option is (A, B)
(1+x)* (1+2x)° 1
Let| 1 A+x)*  (1+2x)°
(1+2x)° 1 (1+x)"

=A+Bx+Cx* +....

Putting x = 0, we get
111

A=1 1 1=0
111

17.

18.

19.

20.

Now differentiating both sides w.r.t. x and putting x = 0, we
get

a 2b 0 11 1 I 1 1
B=|1 1 1|+4|0 a 2b|+|1 1 1[=0
1 1 1 1 1 1 2b 0 a

Hence, coefficient of x is 0.
The correct option is (B)

We have,
Vo[
> 75 00
pp_|2 2|2 zz[ ]
IEREEH Y Y B
2 2 2 2
= PP=lorP =P
As, Q=P4AP

P'O*%P = P'[(PAP’) (PAP) ... 2005 times]P
= (P'P)A(P'P)A(P'P)...(P'P)A(P'P)
2005 times

— IAZOOS =A2005

11 111 1 1 2
Now, A= ,A = =
0 1 0 1]lo 1 0 1
A3:1211:13 A2005:12005
0 1]l0 1 0 1|7 0 1

1 2005]

- PO p
9 0 1

The correct option is (B)

The degree of LHS (determinant) inx, y,z=3n+5

The degree of the expression inthe RHS =2 =3n+5=2=
n=-1

The correct option is (B)

of Py re 1 By n
By ya of| =(of+pr+ro)|l yo of
o ofp Py 1L o By

(Applying C; = C; + C, + Cy)

From the given equation, o3+ By+ yo=0.
Thus, the value of the given eterminat is 0.
The correct option is (C)
Since p+g+r=0=a+ b+ c(given)
=P+ ¢+ =3pgrord® + b+ =3 abe

pa qb rc
LetA=|gc ra pb

b pc qa

:>A=pqr(a3+b3+c3)—abc(p3+q3+r3)



21.

22.

23.

24.
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~. A=pgr (3 abc) — abc(3pgr) =0
The correct option is (A)
There are only three determinants of second order with neg-

o 14a 1
o (1 11 o

H s

ative value, :

Number of possible determinants with elements 0 and lare
2*=16.

Therefore, number of determinants with non-negative values
is 13.

The correct option is (D)

gW=g )+g®+g

VA
where g x)=|f" £ £[=0 (~ R =R,),
VA
h o S
o™= £ =0 ("~ R,=R3)
fi” f‘z” f‘3”
h hL
s@= | f A|=0
<fi/// .le/l fé”’

(" f,”” =0 as each f, is a quadratic in x)
Therefore, we have g’(x) = 0 = g(x) is a constant.
The correct option is (D)

2a,b, ab, + a,b,  aby + ab,
Let A= |ab, + a,b, 2a,b, a,b; + a;b,
a\by + azb,  azb, + a,b, 2a3by
a b 0|6 a 0
A=|a, b, 0[|b, a, 0/ =0
ay by O[|by a3 O
The correct option is (C)
o o i(CHA)  mi(B+A)
= . giB o i(C+B) B oA+ B)
oi(BHC)  il4+C) i€
elA _eiB —ec
=z=—1 _elA eiB —ec
_ezA _eiB ezc

i(A+B+C):ei7r

since e =cos w+isinm)=-1
0 2% 0
= z=—|=2¢4 0 0
_ezA _ezB etC

(Using R; = R, + R, R, >R, + Ry)
= z=-28[-2 U0
z=4MYBTO g ip—_4
The correct option is (B, C)

25. A=

q ) 4

by b, b
(100a, +10b, + C)) (100a, +10b, + C,) (100a; +10b; + C;)

(Using Ry = Ry+ 100R, + 10R,)

a a, a3 a, a, a,
=\|by by, by =] b b, by
X Xy X3 19m; 19m, 19m,

(where each m; € N)
G 4 @
=19(b b, by|=19n

mymy My

a4 4 4
where n=|b b, by| is certainly an integer.
my oy Ny
The correct option is (C)
26. For existence of a solution for the first system of equations
a b ¢
b ¢ a =0
c a b

The second system will have a non-trivial solution if

b+c c+a a+b
c+a a+b b+cl =0
a+b b+c c+a
b+c c+a a+b a b
Now, [c+a a+b b+c| =2|b ¢ a =0
a+b b+c c+a c a b

Remember that the existence of one non-trivial solution
implies existence of infinite number of non-trivial solutions.

The correct option is (C)
27. Adding all three equations, we get
(a+b+c)(x+y+2)=0
= xX+y+z=0since,a+b+c#0
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28.

29.

30.

From the first equation
b+c)(=x)—ax=b—c
_c—b
Ca+b+c
The correct option is (A)

Each of the first three options contains m = 3. When m = 3,
the last two equations become x + 2y + 3z =10 and x + 2y +
3z=n.

Obviously, when n = 10 these equations become the same.
So, we are left with only two independent equations to find
the values of the three unknowns. Consequently, there will
be infinite solutions.

The correct option is (C)

1
I+- - -
l+x 1 1 )1‘ x1 ’1‘
I+y 1+2y 1 |=xyz|]l+— 2+— —
14z 14z 143z T 1y y1
I+— 1+— 3+
z z z
1 1 1
1 1 1 1 1 1
=xyz (3+++) I+— 2+—  —
Xy z y y oy
P
z z z
[Applying R; = R, + R, + R, and taking
1 1 1
(3+++) common]
x y 2
1 0 0
=xyz(3+l+1+lj 1+l 1 -1
Xy z y
1
I+— 0 2
z

[Applying C, = C, — C, and C; — C;— C|]

=2xyz (3 TN IJ givingx ' +y ' +2 =3
X y z
The correct option is (C)

LetA(x)=4+Bx+ Cx* +Dx’ +..

010
A0)=]0 1 0 =0=4=0

100

100 010 [010
AO)=[0 1 o[+/0 1 1/+]0 1 of=1

100 [1 00 [010

=>AX)=x+ Cx* + Dx° +...

31.

32.

33.

34.

3s.

= A (x) is divisible by x
The correct option is (A)

For non-trivial solution of given system of linear equations
4 k 2
k4 1
2 2 1

8+ k(2 — k) +2(2k-8)=0

K +6k-8=0

P —6k+8=0

k=2,4

Clearly there exists two values of .

=0

Lo e

The correct option is (C)
Subtracting P - PZQ = Q3 - QZP
P(P-Q)+Q"(P-0)=0
(P'+0)(P-0)=0
If P* + Q% #0 then P* + O is invertible
= P — O =0 contradiction
Hence, |P2 + Q2| =0
The correct option is (C)

i3+ 205 5
Jis+26 510
3+\/5 \/E 5

J13 1 NG
5[26 V2| +5[V15
J65 NG 3

12 1 111
0+5V3[v5 V5 V2| =55 0 2
NERENERNG] Bo s

=5\3(5-6) = 5\3(J/6 - 5)

The correct option is (A)

2
J5
3

& &
G G -

The system of equations x —cy —bz=0, cx —y + az=0 and

1 — -b

bx + ay — z =0 have non-trivial solution if |[¢ -1 a| =0
b a -1

= 1(1-d*) +c(—c—ab)—b(ca+b)=0

= &P+ b+ +2abe=1
The correct option is (D)

a a+l1 a-1 a+l b+1 c—-1
b b+1 b-1|+(-D"la-1 b-1 c+1

c ¢c—1 c+1 a -b c



36.

37.

38.
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a a+l a-1 a+l a-1 a
=|-b b+1 b-1|+(D)"|b+1 b-1 -b
c c—1 c+1 c—-1 c+1 ¢
a a+l a-1 a+l a a-1
=|-b b+1 b-1|+D"""b+1 -b b-1
c c—1 c+1 c—-1 ¢ c+1
a a+l a-1 a a+l a-1
=|=b b+1 b-1|+(=D""%-b b+1 b-1
c c—1 c+1 c ¢c—1 c+1

This is equal to zero only if n + 2 is odd, i.e., n is odd integer.

The correct option is (C)

adj A | =|4" =4 =14
adj (adj 4) =4["*4=14"4=4
The correct option is (B)

We have,

(P + P+ AP —2ab+be+cdx+ b +*+d* <0
= (ax—b)* +(bx—c)* +(cx—d)* <0
= (axfb)2+(bxfc)2+(cx7d)2=0
b ¢ d
= —_=—=—=X
a b ¢
= b =ac or 2logb = loga + logc.

33 14 loga 130 54 loga+loge
Now, |65 27 logh|=|65 27 logh
97 40 logc 97 40 loge
[Apply R; — R, + R;]
(" 0
=165 27 logh| =0
97 40 logc
[Apply Ry — R, - 2R,]
The correct option is (C)
Ji3+3 205 5
We have, JiIs5+4J26 5 Ao
34465 VIS5 5
3+ 2 1
= (5 [V15+4426 5 V2]is
3+65 B 5
[Taking 5 common from C, and C5]
-3 2 1
=510 5 V2
0 3 5

[Applying C, > C, -3 C,— 3 €3]

39.

40.

41.

=-53 - \/g) [Expanding along C].
The correct option is (A)

Since 4,B,C,, 4,8,C, and A4;B;C; are divisible by £,
therefore,
1004, + 10B, + C, = n;k
1004, + 10B, + C, = ny)k
10045 + 10By + Cy = n3k
where n,, n,, ny are integers.
4 B G
Now, A=1|4, B, C,
45 By G
4, B 1004, +10B8, + C,
=|4, B, 1004, +10B, +C,
Ay By 1004; +10B; + C,
[Applying C; — C;5 + 10C, + 100C]
4 B nk 4 B n
=\|4, B, mk|=k|A4, B, n,|=kA
4, By mk 4, By my
= A s divisible by &

[since elements of A, are integers, .. A, is an integer].
The correct option is (A)
Since A28, 3B9 and 62C are divisible by k&
A28 =nk=1004+20 +8 (1)
3B9 = nyk=300+ 108 +9 (2)
62C =n3k =600 +20 +C (3)
where 1}, n, and n; are integers.
4 3 6
Now, |8 9 C
2 B 2

A 3 6
=11004+20+8 300+10B+9 600+20+C
2 B 2

[Applying R, = R, + 100R, + 10R;]

A 3 6
=|mk mk nk [Using(1), (2) and (3)
2 B 2
A 3 6
=k |n n, ny|,whichis divisible by k.

2 B 2
The correct option is (A)
x 1 1
1

X

We have,
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X 1 1
_|d=x) (x=D 0
Tla-x) 0 (x-=1

[Applying R, = R, — R, R; = R; — R,
t1iR >R, -R|]
D -+ (=D

—(x—1 n—1 (x -
Tl (n—1) times

[Expanding along R, ]
=x (x=D"""+ (x=D""'[1+1+..+(n—1)times]
=(x=D)""1'@x+n-1).

The correct option is (A)
42. We have,

ety 2vz 2
Jz+2x 2 2z
vz Jz oz

ey 201
=z |z+2x V2 2
vtz fy =z

[Taking vz common from C, and C5]

-y 2 1
=z| 0 \/;\/5
0y vz

[Applying C, = C, — [y C,— Jx (]

==y 2 2r)=a(J2y y-z).

The correct option is (A)

43. g @) =g () +g (x)+g;3 (%)
KA F
where, g =" £, A |=0( R=Ry),
VA
h fho S
o =|1" £ £|=0(CR,=Ry)and
VA A
h o f
W= £ f]=0
Y

(- frm =0 as each f, is a quadratic in x)

All these = g’ (x) = 0 = g(x) = a constant.
The correct option is (D)
4. A=
q ) a4
b, b, by
(100g, +10b, + C)) (100a, +10b, + C,) (100a; +10b; + Cy)
(Using Ry — Ry+ 100R, + 10R,)
aq G 4 q 4 4
=|\b by by =] b by by
X, X, X3/ [19m; 19m, 19m;,

(where each m; € N)

a a, a
=191b b, by|=19n
mymy Ny
aq G 4
where n=|b b, b;| iscertainly an integer.

m my, my

The correct option is (C)
45. Adding all three equations, we get
(a+b+c)(x+y+2)=0
= x+y+z=0
since ,a+b+c#0.
From the first equation
b+c)(=x)—ax=b—-c

c—b
X=———
a+b+c
The correct option is (A)
1
1+- - =
l+x 1 1 x x1 31‘
46. [1+y 142y 1 =xyz|1+— 24+— —
l+z 14z 143z T 1y y1
I+— 1+— 3+—
z z z
1 1 1
Cpe (s L L[y 2y S
R R
I+— 1+— 3+-—
z z z
[Applying R; = R, + R, + R;]
1 0 0
1
( 11 1] 1+— 1 -1
=xyz|3+—+—+— y
X y z :
I+- 0 2
z

[Applying C, = C, - C,, C; = C; - C|]
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=2xyz (3+1+1+1) giving X! +)f1 +z1=3
X y z

The correct option is (C)
Lets—a=o,s—b=B,s—c=%

then B+ y=2s—(b+c)=2s—(2s—a)=a.
Similarly, y+ c=b and o+ f=c.

Also, o+ B+ y=3s—(a+b+c)=3s—2s=s.

a* (s— a)2 (s— a)2
(s=b? b (s-b)

(s— c)2 (s — c)2 A

Therefore,

B+y? o o’
= B G+ B

e ¥ (@+p)’

(B+7y) -o? 0 o’
=|F-r+e)’ yra’-p B

0 v -(e+p)? (a+p)
[Applying C; = C, - C, and C, — C, — ;]

B+y+o)y(B+y-a) 0
=|B+ty+0)(B-y-a) y+ta+B(y+a-p)
0 r+oa+B)(y—a-p)
062
‘BZ
(a+p)

B+y-a 0 o
B-y-o y+a-B B
0 y-a-B (a+p)

=(a+p+7

[Taking x+ B+ ycommon from C, and C,]

B+y-«a 0 o?

B-y-o y+a-B B
200-2f -2a 20

=(a+p+y)

[Applying Ry — Ry — (R; + R;)

B+y-« 0 o?

=2(a+p+y) |B-v-a y+a-B B
oa-p - of

[Taking 2 common from R;]

2 2
pry-2o % o
BB
=2(a+p+y) i
—y—a+; y+a 0
a-p -a of

[Applying R, = R, — % Ryand R, — R, — g Ry

2 2
e
=2af (o+ B+ ) .
—y—a+ﬁ— Y+«
o
[Expanding along C;]
2
B+y %
=2aﬁ(a+ﬁ+y)2 ﬂZ
o y+o

[Applying C; = C, + ()]
=2af (a+ B+’ [(B+7) (y+ @) - ab]
=2af(a+ f+7) (& +ay+by)
=2aby(a+ B+ )>=25s (s—a) (s—b) (s — ¢).
k=25,
The correct option is (D)

3 I+s 1+s,
48. LetA=|1+s5 I+s, 1+s4
I+s, 1+s; I+s,

3 l+a+B l1+a*+p°

=| l+a+f 1+o*+p* 1+’ +p°

l+a?+p* 1+ +p 1+a*+p*

[S,=a"+ p" forn>1]

1 2 ﬁ2
1 0 0
Now, A/=|l o-1 pB-1

1 -1 B-1
[Applying C, = C, — C, and C; — C; - C|]
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a-1 fp-1

= [Expanding along R, ]
oF -1 BF-1 :

1

1
=@-h@-b a+1 B+1

=@f-(a+p+1)- (-

=(af-(a+ P+ (a+p)?*-40p

_(c b )bz 4c
Tl 5 —

a a a a

. at, 3 are the roots of the equation ax® + bx + ¢ = 0,

-b
.'.oc+[3:—andocﬁ=£
a a

B (a+b+c)b* —4ac
- 2
a

A= A2 = (a+b+c)21<(b2—4ac)

a
The correct option is (B)

a b—c c+b
49. We have, |a+c¢ b c—a
a—-b a+b c

a* b(b—c) c(c+b)
. a(a+c) b c(c—a)
abc
a(a—-b) bla+b)

[Multiplying C;, C, and C; by a, b and c, respectively]

A +b+c bb-c¢) clc+b)
1
=— |d®+b*+2 b’ c(c—a)
abc
a+b*+c* bla+b) A
[Applying C, — C, + C, + C;]
1 b(b—c) c(c+b)
2,42, 2
+b” +
=427 R ce—a)
abc
1 bla+b) 3
[Taking @+ b* + ¢* common from i
1 b- +b
A +br+c? € c
=—— -bc|l b c-a
abc

1 a+b c

[Taking b and ¢ common from C, and Cj, respectively,]

1 b—c c+b
at+b*+ 2
=—— |0 c c—a
a
0 a+c c
[Applying R, = R, — Ry, Ry = Ry — R/]
a*+b>+c°

=2 7 - (—bc+a2+ab+ac+bc)
a

[Expanding along C|]
=@+ +PD (a+b+o).
The correct option is (C)

cosec o 1 0
50. We have, 1 2coseco 1
0 1 2cosecao
cosec o 1 0
= 1 2coseco — sino 1
0 1 2coseca

[Applying R, = R, —sin o R]

2coseco — sino 1

=cosec o
1 2coseca

[Expanding along R, ]

=cosec o (4 cosec’ or—2 — 1)

2
1 2
) i l(' )_3}
sino sino
2 2 2
_ 1l |tan"o/2+1 tan“or/2+1 3
2 tanor /2 tanor /2
2
1 o o o o
= tan— + cot— tan—+cot— | -3
(10 o) (mn ] |
3
1 o o o o o o
= — || tan— + cot— | — 3 tan— cot—| tan— + cot—
2[( 2 2) 2 2( 2 2)}

1 3O 30
= — | tan” —+cot” —
2 2 2

N |

o
Soz=tan.—

2
The correct option is (C)

az b2 c2
51. Wehave, [(a+1)> (b+1)* (c+1)*

(a=1° (b-1> (c-1y
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(a=1" (b-1> (-1

[Applying R, = R, — R; and then taking
4 common from R,]

| a - aa,

_ (@ —a) (4 —a) ha,
M(a-a)’ a* - aa,

a4,

_ (g —ay)(aq —a3) a (a, —a3)

a b aaya, T (a— a;)?
=4la b c )
11 - e e —a)
_ a, T(a—a,)*
[Applying Ry = Ry = (R, =2R,)] The correct option is (B)
@ b-a* PF-d®
=4la b-a c—a ! ! !
1 0 0 a+x b+x cH+x
i 53. We h: ! ! !
[Applying C, = C,— C; and C; — C;— C|] - We have, aty bty cty
@* b+a c+a 1 1 1
=4(b—a)(c—a) a 1 1 a+z b+z c+z
1 0 0 1 a-b a—c
=4(-a)(c—a)(b—c)=—4(a—b) (b—c) (c—a). a+x (a+x)(b+x) (a+x)(c+x)
fk=—4. _ 1 a-b a-c
The correct option is (B) aty (a+y)(b+y) (a+y)(c+y)
1 a-b a—c
(a—al)_z (a—al)_l al—l a+z (a+z)(b+z) (a+z)(c+2)
52. Wehave, |(a—a,)? (a—ay)" a," [Applying C; = Cy= €y and C; — €5 = €]
(@-a)? (@-a)" @ ! 1 1
a+x (a+x)(b+x) (a+x)(c+x)
=(a-a) *(a-a) *(a—ay) > c-byac) | 1 1
4 ) aty (at+y)(b+y) (a+y)(c+y)
1 (a-a) a (a—a) | | |
-1 2
I (a-a)) a, (a-ay) a+z (a+z)(b+z) (a+z)(c+2)
1 (a—ay) a; '(a—ay)?
(@=a5) a5 (a=a) @b o (b+x)(c+x) (c+x) b+x
a—b)(a-c
I (a-a) aa-a) =0 (b+y)(c+y) (c+y) b+y
) (b+z)(c+z) (c+z) b+z
(a" —aay)(a —ay)
_ 1 0 (@y-a) ——————— b 5
= — 7 aa +Xx)(c+x c+Xx +Xx
M(a—a,) , (a=b)(a-c) (b+x)(e+x)
(a” —aay)(a,—ay) = |0-x)+x+b+tc) y-x y-x
0 (qy—a;) ——————= 0
aa, (z=x)(z+x+b+c) z—x z—x
[Applying R, = R, — R,, Ry — R; — R,] [Applying Ry — R, — R, and R; — R; — R)]
, _la=b)(a=c)(y=x)(z=x)
(@ - ay) (@ —aa,) (o —ay) 0
1 aa,
:ﬁ s (b+x)(c+x) c+x b+x
(a-a) (4 - a) (a" —aa;) (a — a3) y+x+b+c 1 1
s z+x+b+c 1 1

[Expanding along C]
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_(a=b)(a=0c)(y=x)(z=x)

0
(b+x)(c+x) c+x b+x
y+x+b+c 1 1

z—y 0 0

[Applying Ry — Ry — R;]

_la=b)(a=0)(y=x)(z=x)(z=)
o

c+x b+x
1 1
[Expanding along R;]
_a=bb=9-ax=-yy=-2(=-x)
0
S P=(a=-b)(b-c)(c-a)(x=y)(y—2)(z—x)-
The correct option is (C)

I+a 1 1 1
1 1+5 1 1

54. We have,
1 1 l+c¢ 1
1 1 1 1+d
1 1 1
1+— - =
a a a a
1 1 1 1
— 1+ — _ —
— abed b b b b
1 1 1 1
— - 1+ — -
C C C C
1 1 1
d d d d

[Dividing R}, R,, Ry and R, by a, b, ¢ and d respectively]

=abcd (1+i+l+l+l)

a b ¢ d

1 1 1 1
1 1 1 1
— 1+—- — —
b b b b

X1 1 1 1
— — 1+— —
C c Cc Cc
1 1 1 1
- _ - 1+7
d d d d

[Applying R, — R, + R, + R; + R, and taking

I 1 1 1
(1 +—+-+—+ 3) common from R, ]

a b c
1 00 O
%100
=abcd(1+i+l+l+l)x1
a b ¢ d - 0 1 0
c
l001
d

[Applying C, - C, - C,,C3 > C;—Cyand Cy — C,— C (]

S5S.

56.

:abcd(l+l+l+l+l)
a b ¢ d

[Expanding along R, ]
= abcd + (bed + acd + abd + abc)

[~ a,b,c,d are roots of the equation-
oxt + B +yxt +0x+E=0
_s s _$
v ..bcd+acd+abd+abc7—a
and abcd= é
L o |
_§-¢
o
The correct option is (B)
0 x y z
-x 0 ¢ b
We have,
-y —¢ 0 a
-z =b —-a 0

0 ax—-by+cz y =z

1= 0 c b
T a -y 0 0 a
-z 0 —a 0

[Applying C, — aC, — bC; + cCy]

-x ¢ b
(ax —by +cz)
=—-———— |-y 0 a
a
-z —a 0
[Expanding along C,]
(ax— by +¢2) ax—by+cz 0 0

= 7‘12 y 0

z -a 0
[Taking (— 1) common from C, and applying
R, — aR, — bR, + cR;]
= (ax — by + cz)*. [Expanding along R,].
The correct option is (B)

We have,
b* +c? ab ac
ab A +a? bc
ca cb a’+b?
a(b® +c?) ab? ac®
1
=— a*b b(c* +a?) bc?
abc
a*c cb? c(a2 + bz)

[Multiplying C,, C, and C; by a, b and c, respectively]



P+t b
abc

abc
a’ b?

2 +d?

2

4

2

c

a* +b?

Determinants
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[Taking a, b, c common from R, R, and R;, respectively]

[Applying C; — C;

0 b’ ¢
=|-2¢ P*+d° ¢
20> b dP+b
0 »
=-2|c* a* 0
0 &

-G -Gl

[Taking — 2 common from C; and then applying C, — C, —

Cand C; — C;— C}]

=-2[0-bX PP + & (- a*bD)] = 4ab*.

The correct option is (C)

(M

[Applying C, = C, — C; and C; — C;— ;]

xX+¢ x+a x+a
57. Wehave, f(x)=|x+b x+c¢, x+a
x+b x+b x+c
x+¢ a-—q 0
=|x+b ¢,-b a-c
x+b 0 c—b
I a-¢ 0 ¢ a-—cq
=x|l c=b a—c,|+|b
1 0 c;—b b 0
So, f(x) is linear.
Let f(x)sz+Qa

then, f(—a)=—aP+Q, f(— b)=—bP+Q
bf(-a)—af(-b)

f0)=0P+0=0= 20
c-a 0 0
From (1), f(-a)=|b-a c¢,—a 0
b-—a b-a c-a

=(c;—a)(e,—a)(c;—a).
JE=b)=(c;=b)(c;—b) (c;-b)
g(x)=(c; —x) (3 —x) (¢3—x)
g(4) =f(-a)and g(b) =f(-b)
bg(a) —ag(b)
(b-

Similarly,
Also,

So, we get from (2), £(0) =

The correct option is (A)

¢ —-b a-c,

a)

c—b

2

58.

59.

We have,
2bc — a? o2 b?
2 2ca—b a*
b? a* 2ab - ¢?
b ¢ —-a ¢ b
=|b ¢ a|X|=b a
c a b —c b a
a b c|la b ¢ a b cl
=|b ¢ a|l|b ¢ a|l=|p ¢ a
c a bl |c a b c a b

=[a (bc— az) +b (ac— bz) +c¢ (ab— cz)]2
= [a3 +b 4+ 3abc]2

k=-3.
The correct option is (D)

By By +By BY
We have, |ya v’ +y'ox y'o'|m

o off +o'B o'f

=By)(y'e) (' B)

+

+
R ][R =

RIR X ®w
+

Q.\m ]| ==
IR XX ==

—_

—_

—_

[Taking B’y’, y’e’ and o’ common from R,, R, and R

respectively]

gt | Y[ _B) (a2 B
| (2-4) (2-2)

onr(z-2)(2-2)

81 B,1
By By
r 10
Y
By
B
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60.

61.

(o pryy @B B (@ —a'y) (y_ﬁ)

a/ﬁ/ a/,}/l ,}/I ﬂ/
im0 =) (ay' —a'y) (Y B - ¥'B)
(a’B’y T2

=@p’—a’p (ay’—a'p(yB - 7'P).

The correct option is (A)

We have,
x+1 X X x+1 X X
X x+a X =|{x+0 x+a X
X X x+d? x+0 X x+a?
X X X 1 X b
=|x x+a X +10 x+a X
X X x+a’ 0 b x+d
X X 1 X
=10 a O0[+]|0 x+a X
0 0 o 0 X x+a?

[Applying R, = R, — R, and R; — R;— R, in first determinant]

) x+a X
=x-a-a+1 ,
X x+a

[Expanding both the determinants along C, ]

=xa’ + [((x+a) (x+a2)fx2]
=xd+dx+ax+d’=d’ +xa (a2+a+ 1).
Sx) =x.

The correct option is (A)

—bc b*+be *+be

2 2
We have, |a” + ac —ac c“+ac

a*+ab b +ab —ab

b —bc ab+ac ac+ab
= &< ab + bc —ac bc + ab

ac+bc bc+ca —ab

[Multiplying R, R,, R; by a, b, c, respectively, and taking a,

b, ¢ common from C,, C, and Cj, respectively]

—bc 1 1
=(ab+bc+ac) |ab+bc -1 0
ac+bc 0 -1

[Applying C; = C;— C, and C, = C,— C,, and taking (ab +

ac + bc) common from C, and C;]

= (ab + bc + ac)’ [1 - (0 + ac + be) — 1-(bc — ab — bc)]
[Expanding along C;]

=(ab + bc + ac)3.
The correct option is (B)

. Wehave, | ab x+ b2

x+d ab ac
bc | =0
ac bc x+c?
x+a’ b? ?
a’ x+b° c? =0

a’ b? x+c?

[Taking a, b, ¢ common from R|, R,, R;, respectively and
then multiplying columnwise]

1 b* 2

= @+d+bP+AD |1 x+b> & | =0

1 b* x+c?

[Applying C; = C; + C, + C; and taking (x + A+ b+
common from C, ]

1 b2 2

c
= (x+a2+b2+cz) 0 x 0|=0
x

0 0

[Applying R, > R, — R, and R; = R; — R|]

= xz(x+a2+b2+cz):O

Butx #0, .‘.x=—(a2+b2+c2).
The correct option is (B)
. We have,
L T
2
=" =2 25m
20 -5
3 m
an D, = =60—-2m
M PSS
So, by Cramer’s rule
x—&— -25m  25m
D —-15-2m 15+ 2m
and, _D, _60-2m _ 2m-60
D —-15-2m  2m+15
2
Since x>0= —2" S 0ie. 25m 2m+15)>0
15+ 2m
= me(—m,%s)u(o,w) ()
2m—
Also, y>0= m =60 >0i.e., (2m—60) 2m+15)>0
2m+15
= me (—oo, _715) U (30, o) 2)
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From (1) and (2), we get m (_oo, _715) U (30, ).

The correct option is (B)

a b c
Wehave, |b ¢ a

c a b

=0

= —% (a+b+o)[la-bl+®B-c+(c-a)?]=0

= Eithera+b+c=00ra=b=c
If a + b+ ¢ =0, then we must have
cos 8+ cos 30+ cos20=0
and, sin @+sin36-sin20=0
or, c0s26(2cos 0+ 1)=0
and, sin260 (2 cos 6—1)=0
The above equations do not hold simultaneously because cos
20=01i.e., 6= x then second equation is not satisfied and if

2cos 0+ 1=0orcos = —% ie, 0= 2% , then also second

equation is not satisfied.

Therefore, the only possibility isa =b=c.

or, &'0=c¢ ¥9= @ which is satisfied only when
€'0=11i.e., cos O+ isin 6= 1
cos O=1andsin 6=0. .. 6=2nm.

The correct option is (B)

We have,
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)

1
a(a+d)? (a+2d) (a+3d)? (a+4d)
(a+d)(a+2d) a+2d a
X |(a+2d)(a+3d) a+3d a+d
(a+3d)(a+4d) a+4d a+2d
1
a(a+d)? (a+2d)’ (a+3d)? (a+4d)

(a+d)(a+2d) a+2d a
(a+2d)2d d d
(a+3d)2d d d
[Applying Ry = Ry — Ry, R, = R, — R|]
1
a(a+d)* (a+2d)’ (a+3d)* (a+4d)

66.

(a+d)(a+2d) a+2d -2d
(a+2d)2d d 0 [,G—=>GC-G,
(a+3d)2d d 0

-2d
a(a+d)? (a+2d) (a+3d)? (a+4d)

(a+2d)2d d
(a+3d)2d d
B —4d? a+2d 1
a(a+d)? (a+2d)’ (a+3d)? (a+4d) |a+3d 1
_ 44*
a(a+d)* (a+2d)° (a+3d)? (a+4d)
The correct option is (B)
(b+c)? c? b
We have, & (c + a)? a*
b? @ (a+b)?
a*(b+c) a’c? a’b?
— 1 252 2 2 272
= m cb b (c+a) ah
b2c? a*c? 2 (a+ b)2

[Multiplying R, R, and R; by %, b*and ¢, respectively]

+2? ) z*
= — x? (z+ x)2 22
vz 2 2 2
x y (x+)

[Putting bc = x, ca =y and ab =z]

| (x+y+z)(y+z—x) (x+y+2)
= — 0 (x+y+z)(z+x—-y)
xyz 5 5
X y
0
(x+y+z)(z=x—-y)
(x+)°
[Applying R, = R, — Ry, R, = R, — R;]
(x4 +z)2 y+z—-x y—z—-x 0
=% 0 z+x—-y (z=x-Y)
X y (x+ )
ey + 2y y+z—x y—z—-x 2(x-y)
= J 0 z+x-y —2x
xyz
x? y2 2xy

[Applying C; = C; - C, — G,]
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, |y+z—x 0 -2y
+y+
=M 0 z+x—-y —=2x
Xyz 5 5
X y 2xy
[Applying R; — R, + R,]
x(y+z—x) 0 —2xy
+y+
27()( y+2) 0 y(z+x-y) —2xy
Xy-xyz 5 5
x y 2xy

[Multiplying R, R, by x and y, respectively]

x(y+2) y2 0
+y+
:7(x y+2) x? y(z+x) O
Xy-xyz 5 5
X y 2xy

[Applying R, = R, + R;, R, = R, + R;]

2 2

:(x+y+z) 2y x(y+2) y
Xy-xyz X y(z+x)

[Expanding along C;]

_2(x+y+z)2 o x(y+z) oy
Xy-xyz x? z+x

_ 2(x+y+z)2

X+y+z x+y+z

z X zZ+Xx

[Applying R, — R, + R,]

72(x+y+z)3 :2(x+y+z)3

z X z+Xx

=2 (ab + bc + ca)3.
The correct option is (A)
67. The three equations in two unknowns will be consistent if

(a+1?® (a+2P —(a+3)
(a+1) (a+2) —(a+3)|=0
1 1 -1
(a+1P (a+2)?} (a+3)
ie, |(a+1) (a+2) (a+3)|=0

1 1 1

3

= |x y z|=0

1
[wherex=a+1,y=a+2andz=a+ 3]

= (x-»)@-2Cc-x)(x+y+2)=0

= DEDRBa+6)=0=>a+2=00ra=-2.

The correct option is (D)

68. Since the given system has a non-trivial solution,
therefore,

sing sinf8 siny

cosa cosfB cosy| =0

1 1 1
sinoe sinfi—sino  siny —sina
= |cosa cosf—cosa cosy—cosa| =0
1 0 0

[Applying C, —» C, - C, C; = C;— C|]

sino 2cos(ﬁ+a)sin(ﬂ_a)
2 2

- coso 2sin(ﬁ;a)sin(a7_ﬁ)

2
1 0
ZCOS(y * (x) sin(y — a)
2 2
— :0
2sm(y * Oc) sin(a 7/)
2 2
0

or sin (M) =0 or sin (ﬂ): 0
2 2

= a-f=0orf-y=00ry—a=0
= a=forf=yory=0

= triangles must be isosceles.

The correct option is (A)

69. We have,
X, +ab ab, a,by
ab, Xy +a,b, ayby
azb, azb, X3 + asb;
| X, +ab, a,bb, aybby
=5 | ab b x, +a,bb, a,b,b,
i ash, asbb, bixy + asbyby

[Multiplying C, and C; by b,]
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xtab  —bx
ab, bix, 0
azb, 0

[Applying C, = C, - b, C, and C; = C; - b;C|]

— 03Xy

b
l byxy

x+ab —byx; —byx
= a, Xy 0

a, 0 X3

=XXX3 | —= 1 0

X3
[Taking x;, x, and x; common from R;, R, and R;,
respectively]

ab, a,b, ab
X X, X3

a
=X XpX3 x—z 1 0
2

4
X3

[Applying R; = R, + byR, + b3R;]
aby N a,b, N asby
X X X3

The correct option is (A)

= X1XpX3 .(1 +

We have,
a+2d
(a+2d)?| =0
2a+d

a a+d
@ (a+d)?
2a+3d 2(a+d)
a d d
= @  d(d+2a) d(3d+2a)| =0
2a+3d —d —d

[Applying C, = C, - C, C3 = C;— C,]
a 1 1

= d*| & d+2a 3d+2a|=0
2a+3d -1 -1

a 1 0
= d*| &® d+2a 2d| =0
2a+43d -1 0

[Applying C; —» G5 - G,]
= d*Ba+3d)=0 [Expanding along C;]
= d=0ora+d=0.

The correct option is (C)

71.

72.

73.

Differentiating both sides of the given equation w.r.t. x, we
get

1 1 3(x+2)?
x+2  x+3 (x+2)°
(x+2)3 x+2 x+3

x+3 x+2 (x+2)°

+| 1 1 3(x+2)?

(x+2)3 x+2 x+3

x+3  x+2 (x+2)¢
+| x+2  x+3 (x+2)°
3(x+2)° 1 1

= (7ax6 +6bx° + 5ex*t + 4dx® + 3ex’ + 2fx + g).
Putting x = 0 on both sides, we get

11 12 32 8 3 28
2 3 8|+l 1 12|{+|2 3 8| =g
8 2 3 8 2 3 12 1 1
= g=—-189+75-99. .. g=-213.
The correct option is (A)
1 1 1
2 2 2
We have, x"y"2" | ¥V 2
P

=L x=y)(y—2)(z—x) (xy +xz +yz)
xyz

1 1
- xn+l .yn+1 AZ”+1 X2 y2 22
PR
== (v=2) (z—x) (+xz+yz)
I 1 1
Since the degree of the determinant |x*> )2 z%| is 5,
PP

o degree of LH.S. =3n+3+5=3n+8.

Also, degree of RH.S.=5. -. 3n+8=5=>n=-1.
The correct option is (B)

We have,

sinaxcosfB cosacosf —sinasinf
sinosinf8 cosasinfB sina cosf3
cosa —sino 0
0 0 _sina
: sin 8
~ |sinasinf cosasinf sinacosf
coso —sina 0

|:App1ying R —R —% R2:|
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sino . . )
= —— (— sin’arsin B- cos’or sinf)

sin B

= sin ¢, which is independent of 3.
The correct option is (B)

I+« 1 1
74. Wehave, | 1 1+8 1
1 1 l+y
oy 11
o B 7
=ofy L l+1 !
o B Y
o1y
« B v
L1
B v
1 1 1 1
=aﬁ7(1+++) I —+1 =
o B B Y
R
B v
[Applying C; = C,; + C, + C5)
1
=ofy 1+l+l+l by
a B yv)l0oO 1 0
0 0 1

[Applying R, = R, — R, Ry = R; — R|]
= aﬁ}{l + L + 1 + lj [Expanding along C,]
a By

= offy+ (By+ ay+ of)
[Since ¢, B, yare roots of x° +px+q=0
s ofi+ oy+ Py=p and offy=—q]
=—qg+p.
The correct option is (C)

a a a
75. LetA=|b b,

G G G

b, | be any determinant of third order.

a
1
ay—— by

a
0 a,—--Lb,
1 by

b
) )

0 by——tec, b—-Le
G G

Then, A =
G © =]

Applying R — R, —% Ry, R, = R, —% R3]
1 1

a b
=c |:[a2 —blbz)(b3 —016‘3)
I 1
a b
- (‘13 _blb3](b2 _clczj]
I 1

Since a,, a,, as, by, by, byare 1 or —1 (@)

a b a

. 1 | 1
Say, , by by, — ¢, a5, b by, by,

|

b
- L cyarelor—1
bl &) C,

1
a

b b
az,—% b,, 133—;1 C3, a3 — b—l by, by— C—lc2 are 2,—2or 0
| | 1

b

la —ﬂb2 by — L ¢; | =4,—4 or 0=an even number.
by G

.. From (1), A = an even number (¢; =1 or—1).

The correct option is (A)

76. Since ABO=BOA .. (ABO)O=(B6A)6
=  (B60)640=A46BO)O= BA6=A06B
Now, AB(AB)6=AB(B6AO) = A(BBO) A0

= A(B6B)A6=(AB6) (BAO)
=BOAA6OB = BOAOAB
The correct option is (A)

77. A(x)=44x° +3Bx* +2Cx+ D
54+4B+3C+2D+E=A(1)+A(1)
121
But, A()=[1 1 6| =0
116

[ R,, Ry are identical]

1 0 1 x 2 x x 2 x
AN@x) = | x?

x 6[+[2x 1 0|+|x* x 6
x x 6 x x 6

1 10
o 1] [1 2 1]
AN)=[1 1 6/+[2 1 0|+
11 6| [1 1 6] |1

,_.
—_ = N
S N~

1 2 1 1 2 1
=0+(0 =3 =2{+|1 1 6
0 -1 51 [0 0 -6

=—17-6(1-2)=-17+6=—11
.. required value =—11.
The correct option is (D)

78. The given determinant A, is obtained by replacing each
element of A, by its co-factor respectively.

A=A}
AN, =AA = A,
The correct option is (B)



79.

80. Wehave, [(a+1)° (b+1)° (c+1)?

Determinants 6.47

a b clla ¢ b
We have, 44" =|c a b||b a c| =1
b ¢ allc b a
a*+b*+c* actab+ac ab+bc+ca

= catab+bec a*+b*+c* chb+ac+ba|=1

ba+ch+ac bc+ca+ab a®+b*+c?

A+b+P=1landab+bc+ca=0
= a+b+c=%1
Also, abc =y
. a, b, ¢ are the roots of the equation
O+ y=0.
The correct option is (A)

a? b? 2

|
(==}

(a=1° (b-17 (c-1y

a* b? 3
= 4 a b c

(a-1° (-1 (c-1)

=0

(Apply R, > R, - R;)

More than One Option Correct Type

82. Here, the equations are in two variables x and y. If they are

83.

81.

a* b’ A2
= a b ¢ |=0 (Apply R; —» Ry, —R))
1-2a 1-2b 1-2c
a bl
= |la b c¢|=0
I 1 1

= (a-by(b—c)(c—a)=0
= a=borb=corc=a
The correct option is (B)

A =1 cosf
Determinant of coefficients = | 3 1 2
cosf 1 2

= cos O— cos’6+ 6 and this is positive for all @since | cos 6
| <1, the only solution is therefore the trivial solution.

The correct option is (A)

consistent then the values of x and y obtained from first two
equations should satisfy the third equation and hence D = 0.
ie.,

1 1 -3
=|[1+4A 24+44 -8 |=0
1 -1-1 2+A4
1 0 0
= [1+4 1 —-5+3A] =0
1 =-2-1 542

[Applying C, —» C, - C}, C; = C;+ 3C]
SG+D+Q+D)(-5+30)=0=231+21-5=0
=>UA-1D)EBA+5=0=>1=1, —g.

The correct option is (A, C)

The number of

The number arrangements of
of third-order | =| nine different =9!
determinants numbers in

nine places

84.

k
Now, > A=A +A, + Ay +..+A,

i=1

i Za, Xa, Za;
= ZA,- =2a, Za; Za;| =0
=l Ya; Xa; Xa;

The correct option is (A, B)

elA e*l(C*’A) e—z(B +A)
0 p | ,—i(C+B) iB —i(A+ B)
A iB
Z:el.el.elce e e
e—I(B+C) e—z(A+C) elC
ezA _etB —e'¢
—=r=-1 _eiA eiB P
_elA _etB e
. i(A+ B i .
since e E+O) = ol = cos 7w+ sin ) =1
iB
0 —2¢' 0
=z=|-2" 0 0
_etA _etB etC

(Using R} = R + Ry, R, = R, + Ry)
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85.

86.

=z=-2" (-2
z=4UTBTO g =4

The correct option is (B, C)

¥ +x x+1 x-2
We have, |2x% +3x—1 3x 3x-3
2 +2x+3 2x—-1 2x-1

4 0 0
=|2x>+3x-1 3x 3x-3
X*+2x+3 2x—-1 2x-1
[Applying R} — R + Ry — R]
4 0 0
=|2x>+2 3 3x-3
+4 0 2x-1
[Applying C;, = C, - C;,C, = C, - (5]

4 0 0
=12 3 3x-3
4 0 2x-1

2 2
Applying R, — R, — % R, Ry > R —% Rl]

0 0
=12 3 3x|+[2 3 -3
4 0 2x -1
4 0 0 0
=x|2 3 3| +]|2 -3
4 0 2 -1
=xA+B
4 00 4 0 0
where,4=12 3 3| andB=|2 3 -3
4 0 2 4 0 -1
The correct option is (A, D)
We have,

0 x—a x—b
x+a 0 x—c| =0

x+b x+c 0

= (x—a)x+d)(x—-c)+x-b(x+a)(x+c)=0
[Expanding along R, ]

= 2x(x2+acfabfbc)=0

= x=00rx2:b(a+c)fac.

If b (a + ¢) > ac, we have three roots 0, + /b (a + ¢) — ac.

If b (a + ¢) < ac, we have only one real root x = 0.
The correct option is (A, C)

87.

88.

a b ¢
LetA=|b ¢ a

c a b

Since A = Az, where A° is determinant of co-factors of A

bc—a® ca—b* ab-c? a b cl
= |ca-b> ab-c* be-d*|=|b ¢ a
ab—c* bc—a* ca-b* c ab
a b b ¢
=|b c X | b
c a b c a b
2,22, 2
a“+b"+c” ab+bc+ca ac+ba+ bc
=lab+bc+ca b*+c*+a*> be+ac+ab
ca+ab+bc bc+ac+ab *+a*+b?
2 @2 P2
a BB
=B o P*|whered’=da*+b*+c
‘BZ ﬁZ aZ

and, b*=ab + bc + ca.
The correct option is (A, B)

sinx siny sinz
We have, | cosx cosy cosz
cos’x cos’y cos’z
tanx tany tanz
=COS X COS ) COS Z 1 1 1

COS2 X COS2 y COS2 z

= CO0S X COS ) COS Z
tanx tany —tanx tanz —tany

1 0 0
cos’x cos’y—cos’x cos’z—cos’y
[Applying C, = C, — C, and C; — C;— G,]
=—COS X COS y COS Z

tany —tanx
2

tanz —tany

cos® y —cos’x cos’z—cos’ y

[Expanding along R,]
cosz sin (x — y) cosx sin (y —z)

sin(y+z)sin(y—z)

sin (x + y) sin (x — »)

=sin (x —y) sin (y —z) sin (z—x) cos (x +y + z)
Therefore, the given determinant is zero only when any two

T
ofx,y,zareequal orx +y+z= 5"

The correct option is (A, B, C, D)



cos(0+ )
89. We have, sin@

—cosf

cos(60+ )

= —— | sinfOsino
sinor cos o
—cosO coso

—sin(0 + @)
cosO

sin@

Determinants 6.49

cos2a
sino
Acosa

—sin(0+a) cos2o

cos@ sina sin’

sinfcosar Acos’a

[Multiplying R, and R; by sin ¢ and cos, respectively]

1
sin o cos o

0 0 cos2a + sin’ o + Acos® &
sinfsino  cosOsina sin® o
—cosf coso  sinf coso Acos’a

[Applying R, = R, + R, + R;]

cos20 +sin® o+ Acos’ e | sin@sina  cosOsinx
sino - coso —cosO cosa sinf cosa
sinf@ cos@
= (cos’a+ A cos’ ) T =1+ 2) cos’e.
—cos@ sinf

Therefore, the given determinant is independent of @ for all
real values of A. Also, if A=—1, then it is independent of 8
and o.

The correct option is (A, C)

90. We have,
1+sin*6  cos’6 4sin46
sin@  1+cos’0  4sin4d | =0
sin? 6 cos’0 1+ 4sin40
2 cos’O 4sin46
= |2 l+cos’@ 4sin4d | =0
1 cos’0 1+ 4sin40

[Applying C; = C, + C,]
2 cos’O 4sind6
= 0 1 0 =0
-1 0 1

[Applying R, = R, — R, and R; = R; — R/]

= 2+4sin46=0  [Expanding along R,]

= sindf= L =—sin z =sin -
2 6 6

= 40=nx+(-1)" (%‘”)

. 11
The values of 6 lying between 0 and T are Iz and —~
2 24 24

forn=1and 2.
The correct option is (A, C)

91. We have,

/2

_ 2
an+an+2_ J

0

—[cos2nx + cos2(n + 2) x]
1—cos2x

dx

w2
_ J-2—2c052(n+1)x0052xdx
0

1—cos2x

l1—cos2(n+1)x
l—cos2x

/2
Also,2-a,, =2 f dx
0

an+an+272 Ty

/2
-9 j1—c0s2(n+1)x-cos2x—1+cos2(n+l)x i
0

1—cos2x

dx

—y ”J/-z cos2(n+1)x-(1—cos2x)
0 l1—cos2x

/2
=2 j cos2(n+1)xdx
0

_, |:sin2(n + 1)x]’”2

2(n+1) |
1
=——(0-0)=0
n+l
a,+a
Ay, = _n*2 nH
2
= a,,isthe A. M. between a, and a,, , ,.
a a, a a 2a, a
Now, |a, as ag =5 |% 2a5 aq
a;, ag ay a; 2ag a

a 2a,—(ay+ay) a

1
= Y a, 2as—(ay+ag) ag
a; 2ag—(a; +ay) ag
[Applying C; = C, - C, - (5]
| a 0 a
=5 |4 0 a [using (1)]
a, 0 ay
=0.
The correct option is (A, D)
92. We have,
Br vy of
ye of Py|=0
o By e

= (o)’ + By’ + ()’ =3 (eB) (By) (o) =0
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a b c
b ¢ al|=0
c a b

S+ +—3abe=0

= (af+ By o’ + yoaw) (afo+ Byw’ + ya)
(afw’® + Byo+ yo)=0

= af+ Byw’+yaw=0or afw+ fyw* + ya=0

or, afw’+Byw+ya=0

< |-
R
g
=
g
B

or, +—+

The correct option is (A, B, C, D)

X+l xzy X’z
93. Wehave, | x? *+1 2
xz? yz2 2+1
x° xzy X2z 1 xzy x’z
=lw? Y +1 Yz[+[|0 Y+l Yz
xz? y22 241 0 y22 2 +1
x? X’y x’z
=x|y* Y+1 Y[+ 0OP+)(E ) -2
z2 y22 2 +1
[Applying C, = C, —yC, and C; — C; —zC|]
X0 0
=x[y? 1 0|+y 2 +2+y +1-)°7
2 0 1

=X+ 42 +1
Given: ¥+’ +2+1=30=x+)"+2=29
29=3"+1+1
=1P+3+1°
=P+1°+3

Passage Based Questions

Since

94.

95.

-~ solutions are (3, 1, 1), (1,3, 1) (1, 1, 3).
The correct option is (A, B, C)

Putx=0inthe given determinant, we get a =0. Differentiating
f(x) column by column, we get

x e’ cosx 1

e sin x 1
f(x)=|-sinx log,(1+x?) 1|+|cosx > 1II+0
) 1+x
1 X 1 X 2x 1
=b+2cx
Now, putting x = 0, we have
1 01 1 11
b=10 0 1|+|1 0 1| =-1
1 01 0 0 1

The correct option is (A, C)

1+sin’ x cos® x sin2x

sin“ x 1+ cos” x sin2x
2 2

sin” x cos“x  1+sin2x

2

2 cos” x sin2x

=12 1+cos’x sin2x

2
1 cos” x

[Apply C, = C; + C]
1+sin2x

2 cos’x sin2x
=10 1 0
-1 0 1

[Apply R, = R, — R, and R; = R; — R|]
=2 +sin 2x

Since the maximum value of sin 2x is 1, and minimum value
of sin 2x is (= 1). Therefore =3, B=1. Now, — =2,
+ f=4and a+38=6.Thus, (a— B) + (a+ ) = (a+ 3P).
So, ¢ — B, oo+ B, o + 3 cannot form a triangle. All other
options are correct.

The correct option is (A, B, C)

96. The characteristic equation of matrix 4 is

1-2 0 2
[A-=All=0o0r| 0 1-2 2 |=0
1 2 0-2

Expanding the determinant from first row, we get

A=D1 =A)O0-1)—-4]+2[0x2—-1(1-A)]=0
or, 1-A)[P-A-4]1-2+21=0

o, — AP+ P+4A+P-A1-4-2+21=0

or, —A+22+51-6=0

or, X-22-51+6=0

o, A-1)(A+2)(A-3)=0



97.

98.

100. I. Putx=0=

Determinants 6.51

or, A=1,-2,3

The characteristic roots of the given martix 4 are 1, — 2 and
3.

The correct option is (A, C, D)

The characteristic equation of the matrix A4 is
-2 -3 3

|A-Al|=0o0r| 3 —-5-41 3 [=0

6 -6 4-2
1-2 -3 0
o, | 3 -5-2 -2-1|=0 [C;— C3+ Gyl
6 -6 —2-2

Expanding the determinant, we get

A-DIES-DE2-D+6(-2-2)]
+3[3(-2-A) - 6(-2- )] =0

o, (~A+D)[A+74+10-61-12]
+3[-6-31+12+61]=0

o, A+ 1) [A+1-2]+3[31+6]=0

or, — A —P4+2A+2+A1-2+92+18=0

or, —A+124+16=00r A*~124-16=0

A-4)(A+2=0=>1=4,-2,-2

.. The characteristic roots of the given matrix 4 are 4, — 2,
and — 2.

The correct option is (A)

(A) Since the determinant of a matrix is the same as that of
its transpose.

|A-Al|=](4-Al)|
or,  [A—AI|=| (4~ AD|[AIY = AI'= AI]
Hence, 4 and A" have the same characteristic roots.
(B) Let A be a characteristic root of 4 so that
AX=1X (for n X 1 matrix X)
= k(AX) = k(IX)
= (kA)X = (kX
Hence, kA is a characteristic root of k4.

(©) AX =X
= A(AX) = A(AX) (Multiplying by 4)
= A= M4X)
= UAX) (- AX=1X)
=X

Thus, 42X = 22X = A? is a characteristic root of 4.

Match the Column Type

Repeating this process n times, we get
A"X=2"X
Hence, A" is a characteristic root of 4”.

(D) Let A # 0 be a characteristic root of a non-singular
matrix 4 so that

AX =X (for n x 1 matrix X)
since 4 is non singular, A7 exists,

= A7(AX) =47 ()

= A'DHx=M14"x)

= IX=M4"'%)

= X=M4"X)

= A'x= %X (" A#0)

Hence, 1! is a characteristic root of 47\
The correct option is (A, B, C, D)

99. (A) The characteristic equation of the matrix A'Bis

|A'B-AI|=0 1)

= A4 B- A4 =0
= 44 B=ADA""|=0 [ |4B|=|A][|B]]
= |AU'BA - A4 =0
= |44y B4y -A447" =0 4 =1)
= [(BA™)— Al =0
= |BA = Al=0 )

From (1) and (2), it follows that 4 'B and B4 ' have the
same characteristic equation and hence the same char-
acter-istic roots.

(B) The characteristic equation of the matrix P APis
|P AP —AI|=0 (1)
|PlaP—pP ' 2P |=0 P'P=1
| P4 —-2ADP|=0
| P [A4=2I[|P[=0
|PP[A=AI|=0 [+ |4B|=|4]||B]]
|4=211=0 @[ P'P|=|1|=1]
From (1) and (2) it follows that the matrix 4 and P~ !

AP have the same characteristic equation and hence the
same characteristic roots.

(C) AB=14B
=B ' B(4B)
=B '(BA)B
The characteristic roots of AB = characteristic roots of
B! (BA)B = characteristic roots of BA.
The correct option is (D)

Lo v

(=

0 0
1 0| =f=/=1
0 1

The correct option is (B)

1I. Differentiate both the sides and put x =0
1 10 1 00 1 00
=10 1 0O|+|1 I O[+|0 1 0| =e=e=3
00 1, |0 0 1] |01 1

The correct option is (A)
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2 1 1
HLIV. Putx=1,then |1 2 1| =p+g+r+s+t+w
11 2
= 4=p+qg+r+s+3+1
= ptg+r+s=0 (1)
Put x=-1, then

Assertion-Reason Type

0 -1 1
-1 0 1| =-p+g-—r+s—t+w
I -1 0
=—p+qg-r+s-3+1
= —ptqg-r+s=2 2)
Solving(l)and 2), g +s=1landp+r=—1.
The correct option is (C, B)

101. Since for x = 0, the determinant reduces to the determinant
of a skew-symmetric matrix of odd order which is always
zero. Hence, x = 0 is the solution of the given equation.

The correct option is (A)
102. Since the system has a non-trivial solution,

A sina  cosa
therefore, | 1 cosax sine | =0
-1 sinox —cosa

= A cos® ar— sin’ Q) — (—sin @ cos o — sin @ cos )
—(sinZ afcosza):o
= —A+sin2a+cos20=0= A=sin2a+ cos 2¢

= A=+2 cos (205—%)
. b4
Since — 1 < cos (20{—2) <IVYaeR

~2 <22 e, ae V2,021

The correct option is (A)

103. Since o, o, and f;, B, are the roots of ax® + bx + ¢ =0 and
px2 + 6x + r = 0 respectively, therefore,

0:1+052:_—b,011052:E (1)
a a
- r

and, B +p,= l’ﬁlﬁzz - 2)
P p

Since the given system of equations has a non-trivial

solution,
o o .
=0ie, B, - f,=0
B B i :

or o 0 oyta, oo,
' By B, B+ B, BB,

b b?
N VENN S
qa ra q p}”

The correct option is (A)

104. Since a, b, c are in G. P. with common ratio r| and ¢, f3, ¥
are in G. P. with common ratio r,, therefore a # 0, a# 0, b
=ar,c :ar12 ,B=ar,, y= arzz
Also, the system of equations have only trivial solution, so

a o 1
b B 1 #0
c y 1
a o 1 1 1 1
= |ay ar, 1| #0=a0|n r, 1| #0
ar12 Otr22 1 rl2 r22 1
1 0 0
= aa|n rn-n 1-n]#0
o =i 1=

[Applying C, = C, - C,, C; = C; - C|]

10 0
= ax(ry—r)(-r)|x 1 1 [ #0
Kontn 14y

= aa(r,—r)(l—-rp)(l—-ry=0
= r#En,n#ElLn#l
The correct option is (A)

a 1 1 0 0 1
105. Wehave, |1 b 1|=|1-a b-1 1
1 1 ¢ l—ac 1-c c

[Apply C; = C,—aCy, C; = C, — (4]
=1-a)(1-¢c)—=(b-1)(1 —ac)
=l-a-c+ac—b+abc+1-ac
=2 +abc)—(a+b+c)

Since the value of the given determinant is positive,
therefore,

abc+2>a+b+c

Using A.M. > G.M., we have,

a+b+c> 3»(abc)1/3

ie, x’—3x+2>0 [putting(abc)'’ =x]
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= (-1 x+2)>0 Then, f(-a)=—-aa+f )
= x>-2 f=b)y=—bo+p 3)
. 3
i.e., x’ =abc>-8. bf (= a)—af (- b)

The correct option is (A) and, S0)=p= (b—a) @
106. We have, [from (2) and (3)]
x+¢ x+a x+a From equation (1), we have,
S =|x+b x+c¢, x+a (1) q-a 0 0
x+b x+b x+c fCa)=|b-a c,-a 0
Xte a—g 0 b-a b-a c¢;-a
=|x+b c¢-b a-c =(c;—a)(c;—a)(c3—a)
x+b 0 c;—b Similarly, S=b)=(c;=b)(c;=b) (¢;-D)
[Cy = C=Cpy Cy = Cy— C] Since, 8(x¥) = (c;—x) (¢3—x) (¢; —x),
. 0 0 therefore, we can see that
c—c ¢q a-c
. ll; bl l‘) 8(4) =/(=a) and g(b) = f(- b)
=X agTb amolt ©=0 476 Hence, from (4), we have,
I 0 =0 |c 0 ¢-b

Previous Year's Questions

107.

108.

which proves that f(x) is linear in x.
Let f)=ax+p

bg(a) — ag(b)

J0)=. b—a)

The correct option is (A)

*+ [, mand n are the pth, gth and rth term of an GP whose
first term is 4 and common ratio is R.

s 1= AR

= log/ =loga+(p—-1)logR

Similarly, log m = log A+ (¢— 1) log R, and
log n=1log A + (r—1)log R

p 1

Now (logm ¢ 1

log!

logn r 1

logd+(p-1) p 1
=logd+(¢g-1) q 1
logd+(r—-1) r 1

0 p 1
=0 ¢qg 1
0 r 1

[Using the column transformation C;—C,— (C; log 4+ (C,
- Cy)log R)]
The correct option is (D)

6i -3 1
Determinant |4 37 1
20 3 i
6i+4 0 0
=| 4 3i =1(R =R +R))
20 3 |

109.

110.

= (6i+4) 3
30
= (6i +4)(3i% +3)
=0
6i -3 1
Put |4 3 -—l=x+iy
20 3 i

=0+0i=x+iy
=x=0,y=0
The correct option is (D)

1 l+it0? o

1-i -1 @” —1|(R, = R +R;)
-i ~l+o-i -1

1—i -1 o’ -1
=|1—i -1 o -1

- —l+w-i -l

=0 (- Two rows are identical).
The correct option is (A)
Coefficient determinant is given by

1 2a a

1 3 b=0

1 4c ¢
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111.

112.

113.

114.

115.

he 2ac

atc’
The correct option is (C)

n 2n

l+0"+0™" o' o

A=[l+ 0" +0™ o™ 1

n

1+0"+0™ 1 o
=0
(Since 1 +w" +w?" =0, if 7 is not a multiple of 3
and so the first column is entirely zero)
The correct option is (A)

IOg a, log iy lOg )
loga,,; loga,,, loga,,s
1Og Qv 10g Api7 10g g

Cy—Cy—C,,C, > Cy—C,

loga, logr logr
=|loga,,; logr logr|=0 (wherer isacommon ratio).
loga, ., logr logr

(Since two columns are identical.)
The correct option is (A)
The determinant

111
D=l 1+x 1
11 l+y

C,— C,—Cjand C3— C3— G,
100
=1 x O|=xy
1 0 y
The correct option is (B)
The system of linear equations
x—cy—bz=0
cx—y+taz=0
bx+ay—z=0
have non-trivial solution if
1 —c -b
a|=0=11-a*)+c(—c—ab)—b(ca+b)=0
b a -1

c -1

=a*+ b+ P+ 2abe =1
The correct option is (D)

Each entry of A is integer, so the cofactor of every entry is
an integer and hence each entry in the adjoint of matrix A is
integer.

Now detA =+ 1 and A™ = —

det(A)

(adj A) implies that all

entries in A' are integers.

The correct option is (C)

116.

117.

118.

119.

120.

LHS of the given equality is

a a+l1 a-1 a+l b+1 c-1

b b+1 b-1+(-1)"la=1 b-1 c+1
c c—1 c+l1 a -b c
a a+l a-1 a+l b+1 c-1
=-b b+1 b-1+(-D"|b+1 b-1 -b
c c—1 c+1 c—1 c+1 ¢
a a+l a-1 a+l a a-1
=|-b b+1 b-1+(-D""b+1 —b b-1
c c—1 c+l c—-1 ¢ c+1
a a+l a-1 a a+l a-1
=|-b b+1 b-1+(-1)"?|-b b+1 b-1
c c¢c—-1 c+l1 c c—-1 C+l1

This is equal to zero only if n + 2 is odd i.e. n is odd integer.
The correct option is (C)

1 21

2 3 1|=0

35 2

321

3 3 1j#0

1 52

= Given system, does not have any solution.
=No solution.

The correct option is (C)

4k2
k4l|=0= k> —6k+8=0= k=42
221

The correct option is (A)

P=0

PP-P0=0"-0P

PP-0)=0*(Q-P)
PP-0)+Q*(P-0)=0
PP+ OHP-0)=0
=|P?+0?|=0
The correct option is (C)

1 o 3
P={1 3 3

2 4 4
Since, |Adj A| = |A]
lAdj Al =16
1(12-12)— a(4—-6)+3 (4—6) = 16.
20-6=16.
2 a=22.
o=11.
The correct option is (A)
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—x; +2x,—Ax;=0
31+ a+Bl+a’ + B RO
2-A -2 1

121. [l+a+Bl+a’+p*1+a’ + B
=| 2 -3-1 2|=0
1+ + 1+’ +BP1+a’ + B
-1 2 -A
2 = Q2-A)BA+AE =4+ 221+ 2)+1(4=3-2)=0
= 2-NA2+30—-4)+4(1-A+2)+(1-A)=0
= Q2-ADA+HA-D)+51-1)=0
= (1= A)(A+4)(A-2)+5)=0=A=11,-3.

111|111 100
=|lef |[lac?|=[la—18-1
1?B2|1BB%| [l —1B* -1

2
= ((0‘ - 1)(ﬁ2 - 1) -(B- 1)(‘)‘2 - 1)) The correct option is (B)
123. We have,
~(a- 1 (B-1P(a ) = k=1 o
The correct option is (C) A -1 -1l=0 = A1=0.1-1
122. Given system 1 1 =A

2 -A)x - 2x,+x3=0

2,— B+ A)x,+2x;=0 The correct option is (A)
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