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1.1 EVALUATION OF DETERMINANTS 

 Determinants of second order: The symbol 
22

11

ba

ba
consisting of 22 numbers called 

elements, arranged in two rows and two columns, is called a determinant of second order. The 

elements a1 and b2 are said to lie along the principal diagonal; the elements a2 and b1 are said to 

lie along the secondary diagonal. 

The value of the determinant is obtained by forming the product of the elements along the 

principal diagonal and subtracting from it the product of the elements along the secondary 

diagonal. 

Thus 1221

22

11
baba

ba

ba
−=  ... (i) 

 Determinants of third order: The symbol 

333

222

111

cba

cba

cba

 consisting of 32 elements 

arranged in three rows and three columns, is called a determinant of third order. Its value is 

a1b2c3 + a2b3c1 + a3b1c2−a1b3c2−a2b1c3−a3b2c1 

This may be written as a1 (b2c3−b3c2) −b1 (a2c3−a3c2) + c1 (a2b3−a3b2) 

or  
33

22
1

33

22
1

33

22
1

ba

ba
c

ca

ca
b

cb

cb
a +−  

We can therefore write 

 
33

22
1

33

22
1

33

22
1

333

222

111

ba

ba
c

ca

ca
b

cb

cb
a

cba

cba

cba

+−=         ... (ii) 

 Note that each term of a second order determinant is the product of two quantities and 

each term of a third order determinant is the product of three quantities. 

1.2 MINORS 

 The minor of a given element of a determinant is the determinant of the elements which 

remain after deleting the row and the column in which the given element occurs. 

For example, the minor of a1 in (ii) is 
33

22

cb

cb
,  and the minor of b2 in (ii) is 

33

11

ca

ca
 

 The minor of a1 in (i) is b2 and b2 may be considered a determinant of first order. Similarly, 

the minor of a2 is b1. 
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1.3 COFACTORS 

 In (ii), the elements a1, b1, c1 are multiplied by 

 
33

22

33

22

33

22
,,

ba

ba

ca

ca

cb

cb
−  

These expressions are called the cofactors of the elements a1, b1, c1. 

 Generally, the cofactor of an element is its minor with its sign or opposite sign prefixed in 

accordance with the following rule: 

 For any determinant if aij be the element at the intersection of the ith row and jth column, 

then the cofactor of aij has positive sign or negative sign before minor of aij according as i + j is 

even or odd. The determinant may be expanded along any chosen row or column. 

 The cofactors of the elements a1, b1, c1, a2, b2, c2, a3, b3, c3 will be denoted by A1, B1, C1, 

A2, B2, C2, A3, B3, C3 respectively.  

 For example, element b3 in (ii) lies at the intersection of the third row and the second 

column. Since 3 + 2 = 5 is an odd number, we have 

 
22

11
3

ca

ca
B −=  

 The cofactor B2 of the element b2 is 
33

11

ca

ca
+ , because element b2 lies at the 

intersection of the second row and the second column, and 2 + 2 = 4 is an even number. 

 Let the determinant (ii) be denoted by . When the cofactors are used, the expansion of 

the determinant takes the compact form: 

  = a1A1 + b1B1 + c1C1 = a2A2 + b2B2 + c2C2 = a3A3 + b3B3 + c3C3. 

  = a1A1 + a2A2 + a3A3 = b1B1 + b2B2 + b3B3 = c1C1 + c2C2 + c3C3 

and  a2A1 + b2B1 + c2C1 = 0 = a2A3 + b2B3 + c2C3 etc. 

 

 Illustration 1 
 

Question: Evaluate the determinant 

   =

321

125

432

− . 

Solution: Expanding along the second row, we have 

 
21

32
1

31

42
2

32

43
5 −−−=  

  = − 5 (9 − 8) − 2 (6 − 4) − 1 (4 − 3) 

  = − 5 − 4 − 1 = − 10. 

 Expanding along the third column, we have 

 
25

32
3

21

32
1

21

25
4

−
+−

−
=  

     = 4 (10 + 2) − 1 (4 − 3) + 3 ( − 4 − 15) 

     = 48 − 1 − 57 = − 10. 
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 Illustration 2 
 

Question: Show that 

  
2

2

2

1

1

1

cc

bb

aa

 = (a−b) (b−c) (c−a). 

Solution: Let  = 
2

2

2

1

1

1

cc

bb

aa

 

 If b is put equal to a, two rows are exactly alike. 

  = 0 when b = a 

 (a−b) is a factor of  (This follows from the factor theorem which states that for f(x), if 

f(a) = 0, then (x− a) is a factor of f(x)). 

 Similarly (b−c) and (c− a) are factors. 

 Again,  is of the third degree in a, b and c. 

 And we know already three linear factors (a−b), (b−c) and (c−a). If there is another factor, 

it must be a mere number. 

 Thus 
2

2

2

1

1

1

cc

bb

aa

 = N (a−b) (b−c) (c−a), where N is a number. 

 By equating coefficients of bc2 on both sides, N = 1 

  = (a−b) (b−c) (c−a). 

 Alternative method: 

   =
2

2

2

1

1

1

cc

bb

aa

 

 Subtracting the second row from the first and then the third row from the second, we have  

  = 
2

22

22

1

0

0

cc

cbcb

baba

−−

−−

 = (a −b) (b−c) 
21

10

10

cc

cb

ba

+

+

 

 Now expanding along the first column, we have 

  = (a−b) (b−c) [(b + c) − (a + b)] = (a−b) (b−c) (c−a). 

 

 Illustration 3 
 

Question: Show that 

   =

abab

aacc

bccb

+

+

+

 = 4abc. 

Solution: 

  = 

baab

aacc

baaccb

+

+

+++ )(2)(2)(2

 by R1 : R1 + R2 + R3 

 Now take 2 as a common factor and then apply R2 : R2−R1 and R3 : R3−R1 
 

  = 2 

0

0

cc

bb

baaccb

−−

−−

+++

 



 

 
 4 

Mathematics 

 Now apply C2 : C2− C1 

 

  = 2 

00c

bbb

babacb

−

−−

+−+

 

 Now expand through R3 

  = 2[(−c) { −ab + b2−ab−b2}] = 4abc 

 Illustration 4 
 

Question: Show that  = 0

111

222

=

−−− abccabbca

cba . 

Solution: 211 : CCC − and 322 : CCC −  

  

abccbacbbacba

ccbba

−−+−−+−

−−
22222 )()(

100

 

 i.e.,  (a−b) (b−c)

abcacbcba

c

−++++ 2

11

100

 

 i.e.,  (a−b) (b−c) [(b + c + a) − (a + b + c)] = 0. 

 Note: If a determinant can be so transformed that two elements in a row or column are 

made zero, then the determinant can be expanded in terms of that row or column. 

 

 Illustration 5 
 

Question: Show that  

baab

acca

cbbc

cc

bb

aa

+

+

+

=

1

1

1

1

1

1

2

2

2

. 

Solution: We have 

ccbaab

bcbaca

acbabc

baab

acca

cbbc

−++

−++

−++

=

+

+

+

1

1

1

1

1

1

 

  

cab

bca

abc

cbaab

cbaca

cbabc

1

1

1

1

1

1

−

++

++

++

=  

  = (a + b + c) 

cab

bca

abc

ab

ca

bc

1

1

1

11

11

11

+  

  

cab

bca

abc

1

1

1

= , since the first determinant vanishes 

  
2

2

2

2

2

2

1

1

1
1

cc

bb

aa

abc

abc

ccabc

bbabc

aaabc

abc
==
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 Illustration 6 
 

Question: Without expanding the determinants, prove that 

  

bac

acb

cba

cbbaac

baaccb

accbba

2=

+++

+++

+++

. 

 

Solution: The determinant on the left is equal to 

  

cbbacba

baaccba

accbcba

++++

++++

++++

)(2

)(2

)(2

 

  

cbbacba

baaccba

accbcba

++++

++++

++++

= 2  

  

cbbac

baacb

accba

++

++

++

= 2  

  

bbac

aacb

ccba

+

+

+

= 2

bac

acb

cba

2=  

 

 Illustration 7 
 

Question: Show that 

 
2

2

2

1

1

1

1

1

1

cc

bb

aa

abc

cab

bca

= . 

Solution: Let  stand for the determinant on the left. 

 Then 

1

1

1
1

2

2

2

2

2

2

cc

bb

aa

abc

abc

abccc

abcbb

abcaa

abc
==  

  
2

2

2

2

2

2

1

1

1

1

1

1

cc

bb

aa

cc

bb

aa

=−=  

 

 

 

333

222

111

1Let

cba

cba

cba

=  and 

333

222

111

2

cbd

cbd

cbd

=  be two third order determinants in which 

corresponding second and third columns are identical. 

 Then 

3333

2222

1111

21

cbda

cbda

cbda

+

+

+

=+  

 This fact is evident if we expand all the three determinants in terms of column 1 and 

compare the results. 

            SUM OF DETERMINANTS     
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333

222

111

3ifSimilarly

cba

cba

rqp

= , 

 then 

333

222

111111

31

cba

cba

rcqbpa +++

=+  

 Here we note that the corresponding second and third rows are identical.  

 Similarly the determinant 

321

321

333222111

ccc

bbb

fedfedfed ++++++

 

 Can be decomposed into the sum of three determinants 

 

321

321

321

321

321

321

321

321

321

ccc

bbb

fff

ccc

bbb

eee

ccc

bbb

ddd

++  

 It may be observed that the determinant 

 

333333

222222

111111

fedcba

fedcba

fedcba

+++

+++

+++

 can be expressed as sum of 2  2  2 = 8 determinants. 

 

 Illustration 8 
 

Question: If Ak = 
=−

−

−

=

−

−

− n

k

k
nk

nk

nk

A

z

y

x

11

1

1

.0thatprove,

14)4(3

13)3(2

122

 

Solution: Observe that all the determinants 
nAAA ....,, ,21

 have identical second and third column. 

 Hence    

14)4(3

13)3(2

122

1

1

1

1

1

1

1

−

−

−

=









=

−

=

−

=

−

=

n
n

k

k

n
n

k

k

n
n

k

k

n

k

k

z

y

x

A  

 Now 12
12

12
2.....2212

1

121 −=
−

−
=++++=

=

−− n
n

k

n
nk

   (sum of n terms of a G.P.)  

    13
13

)13(2
3.....3312)3(2

1

121 −=
−

−
=++++=

=

−−
n

k

n
n

nk  

 and 
=

− −=

n

k

nk

1

1 14)4(3  

 Hence 

1414

1313

1212

1 −−

−−

−−

=
= nn

nn

nn

k

n

k z

y

x

A  = 0 since C1 = C3. 
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 Illustration 9 
 

Question: If ,

)1(coscos)(cos

1212

112

)(
2222

2

+

+++

+

=

nnn

nnn

Cr

rf n
r

n

 0 rn, then prove that 
=

=

n

r

rf

0

.0)(  

Solution: Since R2 and R3 are constants (independent of the variable r) 

 

)1(coscos)(cos

1212

1)12(

)(

2222

2

000

0

+

+++

+

=




===

=

nnn

nnn

Cr

rf n

n

r

n

r

r
n

n

rn

r

 

 Now 
=

+=++++=+

n

r

nnr

0

2)1()12(......31)12(  

  
=

=+++=

n

r

n
n

nnn
r

n CCCC

0

10 2......  

  
=

=

n

r 0

1 1 + 1 + … … (n + 1) times = n + 1 

 21

0 2222

2

2

since0

)1(coscos)(cos

12)1(

12)1(

)( RR

nnn

nn

nn

rf
n

r

n

n

==

+

++

++

=
=

 

 

 
Two determinants of the same order i.e. each consisting of the same number of rows and equal 

number of columns can be multiplied to give a determinant of the same order. Thus if A is a 2  2 

determinant and B is another 2  2 determinant, A B = C is also 2  2 determinant. The 
multiplication is done by a method of working the row of A on the columns of B. 
The method is as follows: 

21

21

21

21
;




== B

bb

aa
A  

then AB = 
22211211

22211211

++

++

bbbb

aaaa
 

To cite a numerical example for a 3  3 determinant; we have 

421

310

212

203

612

431

−

423023221013120023

463)1(22261)1(12160)1(22

443321241311140321

++++++

+−++−++−+

++++++

=  

 

 (The first row is obtained by working the first row elements 1, 3, 4 respectively on 2, 0, 1 
the first column; then on 1, 1, 2 the 2nd column; then on 2, 3, 4 the 3rd column. Likewise 
for the 2nd  and the 3rd row.) 

 

1478

251310

27126

=  

 

           MULTIPLICATION OF DETERMINANTS 
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Verification 
 

521870)2(

)3(1090

270

431

203

612

431
12

15

=−=−→

−→−−

−−=−=
RR

RR
A  

 369)2(

421

310

630

421

310

212

31 −=+−=−→

−−

== RRB  

 )(

1478

220

942

3

1478

251310

942

1478

251310

27126

312 RRRC +−→===  

 156)4014(6

778

020

542

3 −=−==  

 AB = – 156 = C 

 The multiplication can also be performed row by row, column by row or column by column.  
 

 Illustration 10 
 

Question: Show that 
222

222

222

222

222

222

ruu

uru

uur

yzxxyzzxy

xyzzxyyzx

zxyyzxxyz

=

−−−

−−−

−−−

. 

 Where .and 22222 xyzxyzuzyxr ++=++=  

Solution: Consider the determinant 

yxz

xzy

zyx

=  

 Minor of x is 222 ,; zxyiszofzxyisyofxyz −−−  

 L.H.S. determinant in the problem is therefore 

 

YXZ

XZY

ZYX

−

−−

−

, where capital letters denote the minor of the corresponding small 

letters. 

 

yxz

xzy

zyx

yxz

xzy

zyx

YXZ

XZY

ZYX

LHS =

−

−−

−

=  

 
222

222

222

zyxzxyzxyzxyzxy

zxyzxyzyxzxyzxy

yzxyxzzxyzxyzyx

++++++

++++++

++++++

=  

 in
222

222

222

ruu

uru

uur

= the notation of the problem. 
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 Illustration 11 
 

Question: For all values of A, B, C and P, Q, R. 

 Show that 0

)(cos)(cos)(cos

)(cos)(cos)(cos

)(cos)(cos)(cos

=

−−−

−−−

+−−

RCQCPC

RBQBPB

RAQAPA

. 

 

Solution: The given determinant is the product of  

 

000

sinsinsin

coscoscos

and

0sincos

0sincos

0sincos

21 RQP

RQP

CC

BB

AA

==  

 and 21,   each = 0 and hence the problem. 

 (or) alternately 

 

)(cos)(cos)(cos

)(cos)(cos)(cos

)(cos)(cos)(cos

RCQCPC

RBQBPB

RAQAPA

−−−

−−−

−−−

 

 

 

)(cos)(cossin

)(cos)(cossin

)(cos)(cossin

sin

)(cos)(coscos

)(cos)(coscos

)(cos)(coscos

cos

RCQCC

RBQBB

RAQAA

P

RCQCC

RBQBB

RAQAA

P

−−

−−

−−

+

−−

−−

−−

=  

 11 )(sin)(cos BPAP += Where 

 

RCQCC

RBQBB

RAQAA

A

sinsinsinsincos

sinsinsinsincos

sinsinsinsincos

1 =  
133

122

)(cos

)(cosisWhere

CRCisC

CQCC

−

−
 

 0

sinsincos

sinsincos

sinsincos

sinsin ==

CCC

BCB

AAA

RQ  (2nd and 3rd columns are identical) 

 Similarly it may be proved that .01 =B  

 

 

 Differentiation of a determinant whose elements are functions of a variable x. 

 Let 
)()(

)()(
)(

xuxh

xgxf
xF =  

 Then F(x) = f(x)  u(x) − g(x)  h(x) 

and F(x) = 
dx

d
F(x) = {f(x)  u(x) + u(x)  f(x)} − {g(x)  h(x) + h(x) g(x)} 

 = 
)()(

)()(

)()(

)()(

xuxh

xgxf

xuxh

xgxf


+


 

 Thus F(x) is the sum of two determinants, of which the first one is obtained by 

differentiating the elements of the first row alone and retaining the second row without any 

change and the second one is obtained by differentiating the elements of the second row. 

 Similarly if F(x) = 

)()()(

)()()(

)()()(

333

222

111

xhxgxf

xhxgxf

xhxgxf

 

 then F(x) = 

)()()(

)()()(

)()()(

)()()(

)()()(

)()()(

)()()(

)()()(

)()()(

333

222

111

333

222

111

333

222

111

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf



++



 

 

           DIFFERENTIATION OF DETERMINANTS 
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 Illustration 12 
 

Question: If  be a repeated root of a quadratic equation f(x) = 0 and A(x), B(x), C(x) be 

polynomials of degrees 3, 4 and 5 respectively, then show that 

  

)()()(

)()()(

)()()(





CBA

CBA

xCxBxA

 

 is divisible by f(x), where dash denotes the derivatives. 

Solution: 

 Let  g(x) = 

)()()(

)()()(

)()()(





CBA

CBA

xCxBxA

 

 Then g(x) = 

)()()(

)()()(

)()()(







CBA

CBA

xCxBxA

 

 Now  g() = 

)()()(

)()()(

)()()(







CBA

CBA

CBA

 

 Since two rows are identical, we have g() = 0 

  

)()()(

)()()(

)()()(

)(







=

CBA

CBA

CBA

g  

 Since two rows are identical, we have g() = 0 

 Since g() = 0 and also g() = 0,  is a repeated root of g(x) = 0 

   g(x) = (x−)2h(x) … (i) 

 Since  is a repeated root of f(x) = 0, we have 

  f(x) = N(x−)2 … (ii) 

 where N is a some number. From (i) and (ii) we find that g(x), i.e., the given determinant is 

divisible by f(x). 
 

 

 

6.1 SYMMETRIC DETERMINANT 

 If the elements of a determinant are such that aij= aji, (where aij is the element of ithrow 

and jth column), then the determinant is said to be a symmetric determinant. The elements 

situated at equal distances from the diagonal are equal both in magnitude and sign. 

 e.g.            

  2222 chbgaffghabc

cfg

fbh

gha

−−−+=  

6.2 SKEW SYMMETRIC DETERMINANT 

 If aij = −aji (where aij is the element of ithrow and jth column), then the determinant is said to 

be a skew symmetric determinant, which means that all the diagonal elements are zero and the 

elements situated at equal distances from the diagonal are equal in magnitude but opposite in 

sign. The value of a skew symmetric determinant of odd order is zero.  
 

6.3 CIRCULANT DETERMINANTS 

 The elements of the rows (or columns) are in cyclic arrangement.  

 })()(){()(
2

1
)3( 222333 accbbacbaabccba

bac

acb

cba

−+−+−++−=−++−=

 

           SPECIAL DETERMINANTS 

 

6 



 

 
 11 

Mathematics 

 
 

 Illustration 13 
 

Question: Evaluate the determinant

bac

acb

cba

=  

 and show that it is negative for all positive values of a, b and c. 

Solution: Expanding along the first row, we have 

 
ac

cb
c

bc

ab
b

ba

ac
a +−=  

  = a(bc−a2) −b(b2−ca) + c(ab−c2) = 3abc−a3−b3−c3 

  = − (a3 + b3 + c3− 3abc) = − (a + b + c)  {a2 + b2 + c2−ab−bc−ca} 

  =  222 )()()(
2

)(
accbba

cba
−+−+−

++
−  is negative if a, b and c are positive. 

 

 

 

7.1 THE SYSTEM OF TWO LINEAR EQUATIONS IN TWO UNKNOWNS 

 Consider the system of two linear equations in two unknowns: 

 a1x + b1y = c1 

 a2x + b2y = c2 

 Solving the system we get the answer 

 

22

11

22

11

1221

1221

ba

ba

bc

bc

baba

bcbc
x =

−

−
= ; 

22

11

22

11

1221

1221

ba

ba

ca

ca

baba

caca
y =

−

−
=  

Note: The given equations are consistent and independent if and only if 0
22

11


ba

ba
. 

 Illustration 14 
 

Question: Solve the system 4x + y = 13, 3x− 2y = 7 using determinants. 

Solution: The solution requires the values of three determinants. 

 The denominator  is formed by writing the coefficients of x and y in order 

   = 
23

14

−
 = − 8 − 3 = − 11 

 d1, the numerator of x is formed by replacing the coefficients of x by the constant terms. 

  
27

113
1

−
=d = − 26 − 7 = − 33 

 

 d2, the numerator of y is formed by replacing the coefficients of y by the constant terms. 

  
73

134
2 =d  = 28 − 39 = − 11 

 Then x = 3
11

331 =
−

−
=



d
 and 1

11

112 =
−

−
=


=

d
y  

7.2 SYSTEM OF THREE EQUATIONS IN TWO UNKNOWNS  

 The following system of equations  

  0111 =++ cybxa ;  0222 =++ cybxa ; 0333 =++ cybxa  is consistent  

  if  0

333

222

111

=

cba

cba

cba

 

           SYSTEM OF LINEAR EQUATIONS 

 

7 
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 Illustration 15 
 

 
Question: Find those values of c for which the equation

)6()4()2(;332 +=+++=+ cycxcyx  and 222 )6()4()2( +=+++ cycxc  are 

consistent.  Also solve the equations for those values of c. 

Solution: The condition for consistency is 0

)6()4()2(

642

332

222

=

+++

+++

ccc

ccc  

 0

)102(2)4()62(2

242

031

.e.i
2

=

+++−

+−

−

ccc

c  

 i.e. 0)}62(2)102(2{3})4()102)(4){(1( 2 =+++−−+−++− ccccc  

 i.e. 03612601240182168 22 =−−++−−−++ cccccc  

 i.e. =−− 0102 cc  c = 0  or  c = −10  

 For c = 0,the 3 equation are 2x + 2y = 3 

 2x + 4y = 6 ;   4x + 16y = 36 

 and the solution is x = −3 ; y = 3.  For c = −10, the equation are 2x + 3y = 3 

  234468 =+−=−− yxyx  

   4916163664 =+=− yxyx  and the corresponding solution is 
3

4
;

2

1
=−= yx  

7.3 THE SYSTEM OF THREE LINEAR EQUATIONS IN THREE UNKNOWNS 

 Consider the system of three linear equations in three unknowns: 

  a1x + b1y + c1z = p 

  a2x + b2y + c2z = q 

  a3x + b3y + c3z = r 

 The solution of the system may be expressed as  

  


=


=


= 321 ,,
d

z
d

y
d

x , where  

 

   = 

333

222

111

cba

cba

cba

,  d1 = 

33

22

11

cbr

cbq

cbp

, d2 =

33

22

11

cra

cqa

cpa

,  d3 =

rba

qba

pba

33

22

11

 

 

 Note: The determinant  is formed by writing the coefficients of x, y, z in order while the 

determinant appearing in the numerator for any unknown is obtained from  by replacing 

the column of coefficients of that unknown by the column of constants. 
 

7.4 CRAMERS RULE 

 Consider the system of n linear equations in n unknowns given by 

   
11212111 ........ bxaxaxa nn =+++  

   
22222121 ....... bxaxaxa nn =+++  

   …………………………………… 

   …………………………………… 

   
nnnnnn bxaxaxa =+++ .......2211

 

 Let 

nnnn

n

n

aaa

aaa

aaa

D

....

::

....

....

21

22221

11211

=  
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 Let Dj be the determinant obtained from D after replacing the j th column by  

nb

b

.

.

.
1

 

 Then, if D 0, we have   
D

D
x

D

D
x

D

D
x n

n === ,......,, 2
2

1
1 . 

 Discuss D = 0 cases 

 Case (i) 

 If D = 0 and the other determinants D1 = D2 = ……. = Dn = 0, then system of equation has 

infinitely many solutions if all cofactors of  D1, D2,…….,Dn  and D are zero. If any one  

cofactor of D1, D2, D3 ,…….,Dn  is non  zero then system has no solution. 

 eg.   123 =++ zyx ; 5462 =++ zyx ; 9693 =++ zyx  

 Here 0==== DDDD zyx  yet system has no solution where as  

 123 =++ zyx ; 2462 =++ zyx ; 3693 =++ zyx   has infinitely many solutions. 

 Case (ii) 

  If D = 0 but any one of the D1, D2 ……. or Dn is not equal to zero then the system has no 

solution, hence is inconsistent.  

 

 Illustration 16 
 

Question: Solve the system 

  x + 4y + 4z = 7 

  3x + 2y + 2z = 6  

  9x + 6y + 2z = 14 using determinants. 

Solution: The solution requires the values of four determinants: 

 The denominator  = 40

269

223

441

=  

 d1, the numerator of x = 40

2614

226

447

=  

 d2, the numerator of y = 20

2149

263

471

=  

 d3, the numerator of z = 40

1469

623

741

=  

  Then 1
40

401 ==


=
d

x  

 
2

1

40

202 ==


=
d

y  

 1
40

403 ==


=
d

z  

7.5 THE SYSTEM OF HOMOGENEOUS LINEAR EQUATIONS 

 Eliminant and non-trivial solution:If the three equations (homogeneous) 

 0and0;0 333222111 =++=++=++ zcybxazcybxazcybxa  be considered then 

there always exists a solution i.e.,  x = y = z = 0. This is called the Trivial Solution. 
 If the three equations are to have a solution other than x = 0 = y = z, such a solution is 
known as Non-Trivialsolution, then the condition required for the existence of such a solution is 
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 0

333

222

111

=

cba

cba

cba

 

 
 Illustration 17 

 
Question: Let  and  be real. Find the set of all values of  for which the system of linear 

equations: 
  0)(cos)(sin =++ zyx  

  0)(sin)(cos =++ zyx  

  0)(cos)(sin =−+− zyx  

 has a non-trivial solution. For  = 1 find all the values of . 
Solution: The condition for the existence of non-trivial solution (trivial solution is x = y = z = 0) is 

  

−−





cossin1

sincos1

cossin

 = 0        i.e.,  

−−

−+

−+

cossin1

cossinsincos0

)1(cos)1(sin0

 = 0 

 i.e.,  )sin(coscos)1()cos(sinsin)1( +−−−+  = 0 

  0cossin2cossin)cos(sin 2222 =−−++  

   += 2cos2sin 






 
+=

4
2sin2  

  1
2

1 


−  

  22 −  

 for  = 1,  

 
4

sin
2

1

4
2sin


==







 
+  

  
44

2


=


+  

 General solution: 
4

)1(
4

2


−+=


+ nn  

  
44

)1(2


−


−+= nn  

 If n is even, 2 = n 

 odd, 
2

2


−= n  
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PROFICIENCY TEST 

 
 The following questions deal with the basic concepts of this section. Answer the 
following briefly. Do not consult the Study Material while attempting the questions.  
 

1. Evaluate the determinant 

  

181198219

198225240

219240265

 

2. If  0

54

35

54

27

27

72

36

63

63

===

x

x

x

x

x

x

x

x

x

 

 Then what is the value of x? 

3. If  

kbnakqnpkymx

makcmpkrmxkz

ncmbnrmqnzmy

+++

−−−

+++

=  

 and  is product of two determinants one of which is 

cba

rqp

zyx

 , then find the other one. 

Also show that  = 0. 

4. If the equation x = ay + z, y = az + x and z = ax + y are the consistent having non-trivial 

solution, then prove that a3 + 3a = 0. 

5. If  ( ) ,

1262

4312

1

2

32

432

xx

xxx

xxxx

xf −

−−

=   then find the coefficient of x in ( )xf . 

6. If the system of equations 3x + 10y + 17z = 0, x + 6y + 13z = 0 and 20x− 13y + z = 0 has 

a non-trivial solution then find the solution. 
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ANSWERS TO PROFICIENCY TEST 

 

1.  zero 

 

2. x = −9 

 

5. 6 

 

6. x = k, y = −2k, z = k 
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SOLVED OBJECTIVE EXAMPLES 

  
Example 1: 

 If 

aaxax

aax

a

xf
2

1

01

)( −

−

= , then f(2x) −f(x) equals  

 (a)  a(2a + 3x)   (b) ax(2x + 3a) 

 (c)  ax(2a + 3x)   (d) x(2a + 3x) 

Solution: 

 Applying R2→R2−xR1 and R3→R3−xR2, we get  

  2)(

00

1)(0

01

)( xaa

xa

xa

a

xf +=

+

−+

−

=  

  f(2x) −f(x) = a(a + 2x)2−a(a + x)2 = ax(2a + 3x) 

 Hence (c) is the correct answer. 

 

Example 2: 

 The largest value of a third order determinant whose elements are 0 or 1, is 

 (a)  0   (b) 0 

 (c)  2   (d) 3 

Solution: 

 Let  

333

222

111

cba

cba

cba

=  be a determinant of order 3. 

 Then,    = a1b2c3 + a3 b1 c2 + a2b3c1−a1b3c2−a2b1c3−a3b2c1 

     = (a1b2c3 + a3 b1 c2 + a2b3c1) − (a1b3c2 + a2b1c3 + a3b2c1) 

 Since each element of  is either 1 or 0, therefore the value of the determinant cannot exceed 3. 

Clearly, the value of  is maximum when the value of each term in first bracket is 1 and the value 

of each term in the second bracket is zero. But a1b2c3 = a3b1c2 = a2b3c1 = 1 implies that every 

element of the determinant  is 1 and in that case  = 0. Thus, we may have  

   2

011

101

110

== . 

 Hence (c) is the correct answer. 

Example 3: 

 If A + B + C = , then find the value of  

( )

( ) 0tancos

tan0sin

cossinsin

ABA

AB

CBCBA

−+

−

++

 

 (a)  0   (b)  

 (c)  –   (d) none of these 
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Solution: 

 Above is skew symmetric determinant of odd order because ( ) CBA coscos −=+  

 Hence (a) is the correct answer. 

 

Example 4: 

 If  







++−−−=

++

++

++

zyx
xzzyyx

zzz

yyy

xxx

nnn

nnn

nnn

111
)()()(

32

32

32

, then n equals  

 (a)  1 (b) −1 (c)  2 (d) −2 

Solution: 

 The degree of the determinant is n + (n + 2) + (n + 3) = 3n + 5 and the degree of the expression on 

RHS is 2. 

  3n + 5 = 2   n = −1. 

 Hence (b) is the correct answer. 

 {Equating degree alone does not sufficient to evaluate n, the determinant might not be equal 

however since all options have values we conclude for n = –1.}  

 

Example 5: 

 If , ,  are the roots x3 + ax2 + b = 0, then the value of  







 is  

 (a)  −a3 (b) a3− 3b (c)  a3 (d) a2− 3b 

Solution: 

 Since , ,  are the roots of the given equation, therefore  +  +  = −a,  +  +  = 0 and  

  = −b.  [By theory of equations] 

 Now, )()( 222 −−−++++−=







 

   = − ( +  + ) {( +  + )2− 3( +  + )} = − (−a) {(a2− 0)} = a3. 

 Hence (c) is the correct answer. 

 

Example 6: 

 If  

)1()1)(1()1(3

)1()1(2

11

)(

−+−−

+−

+

=

xxxxxxx

xxxxx

xx

xf , then f(100) is equal to 

 (a)  0   (b) 1 

 (c)  100   (d) −100 

 

 

 

Solution: 
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 We have,  

  

)1()1)(1()1(3

)1()1(2

11

)(

−+−−

+−

+

=

xxxxxxx

xxxxx

xx

xf  

 Applying  C3→C3−C2 we get  

  0

)1(3)2)(1()1(3

2)1(2

11

)( =

−−−−

−=

xxxxxxx

xxxx

x

xf  

  f(100) = 0. 

 Hence (a) is the correct answer. 

 

Example 7: 

 If 
−



−−

−

=
i

i

e

ef

11

11

111

)( , then 

 (a)  = 


−

dfdf )(2)(

2/

0

2/

2/

 (b) f() is purely imaginary 

 (c)  f(/2) = 0   (d) none of these  

Solution: 

 On operating [R1→R1−R2 and R3→R3−R2] 

  
−−





−−−−

−−

=
ii

i

i

ee

e

e

f

110

11

210

)(  

         = (−1) [(1 −ei) (−1 −e−i) − 2(−1 −e−i)] = 2(1 + cos) 

 Now ( ) ( )=− ff  ( )f  is an even function. 

 Hence (a) is the correct answer. 

 

Example 8: 

 Let ax7 + bx6 + cx5 + ex3 + fx2 + gx + h = 

1)()2(

)()1()(

)()2()1(

22

22

22

+++

+++

+++

xxxx

xxxxx

xxxx

. Then 

 (a)  g = 3 and h = −5   (b) g = −3 and h = −5 

 (c)  g = −3 and h = −9   (d) none of these  

Solution: 

 By putting x = 0 on both sides of the equation we have 9

102

010

021

==h  

 Differentiating both sides and then putting x = 0, we get g = −5. 

 Hence (d) is the correct answer. 
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Example 9: 

 

rii

iqi

iip

−−

++

+−

=

31

32

12

 is always 

 (a)  real (b) imaginary  (c)  zero (d) none of these  

Solution: 

 Since =  is real only 

 Hence (a) is the correct answer. 
 

 

 

Example 10: 

 If a, b and c are pth, qth and rth terms of an H.P.,  then =

111

rqp

abcabc

 

 (a)  term containing a, b, c, p, q, r (b) a constant  

 (c)  zero   (d) none of these 

Solution: 

 If A is the first term and d is the common difference of the corresponding A.P. then 

  dpA
a

)1(
1

−+= ; dqA
b

)1(
1

−+= ; drA
c

)1(
1

−+=  

 Now  

111

/1/1/1

rqp

cba

abc=  Operating R1→R1−d(R2−R3) −A 

  0

111

000

== rqpabc  

 Hence (c) is the correct answer. 
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SOLVED SUBJECTIVE EXAMPLES 

  
Example 1: 
 Solve for x: 

  0

2161218

123926

18264

=

++

++

++

xxx

xxx

xxx

. 

Solution: 

 Let  

2161218

123926

18264

++

++

++

=

xxx

xxx

xxx

 

 Subtracting twice the first row from the third row, we have 
 

  

041

123926

18264

−

++

++

= xxx

xxx

 

 Now subtracting 
2

3
 times the first row from the second row, we have 

  

041

2

3
02

18264

−

−

++

=

xxx

 

 Now adding 4 times the first column to the second column, we have 

  

001

2

3
82

182224

−

++

=

xxx

 

 Expanding along the third row, we have 

   = −
2

3
(22x + 2) − 8(8x + 1) 

     = − 33x − 3 − 64x − 8 = − 97x − 11 

 The given equation now becomes − 97x − 11 = 0 or x = −
11

97
 

 

Example 2: 
 Show that 

  

2
2

1
1

2
2

1
1

2
2

1
1

21

21

21

+
+

+
+

+
+

+
+

+
+

+
+

++

++

++

=

r
p

r
p

r
p

r
n

r
n

r
n

r
m

r
m

r
m

r
p

r
p

r
p

r
n

r
n

r
n

r
m

r
m

r
m

CCC

CCC

CCC

CCC

CCC

CCC

. 

Solution: 

 Let  = 

21

21

21

++

++

++

r
p

r
p

r
p

r
n

r
n

r
n

r
m

r
m

r
m

CCC

CCC

CCC

 

Adding the second column to the third, and then the first column to the second, and using 

r
n

r
n

r
n CCC 1

1
+

− =+ , 
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 we have  = 

2
1

1
1

2
1

1
1

2
1

1
1

+
+

+
+

+
+

+
+

+
+

+
+

r
p

r
p

r
p

r
n

r
n

r
n

r
m

r
m

r
m

CCC

CCC

CCC

 

 Now adding the second column to the third, and again utilizing 

  r
n

r
n

r
n CCC 1

1
+

− =+ , 

 we have  =

2
2

1
1

2
2

1
1

2
2

1
1

+
+

+
+

+
+

+
+

+
+

+
+

r
p

r
p

r
p

r
n

r
n

r
n

r
m

r
m

r
m

CCC

CCC

CCC

 

 
Example 3: 
 Show that 

  )()()( acaccbcbbaba

bababaab

acacacca

cbcbcbbc

−−−=

+

+

+

 

Solution: 

 Let  = 

bababaab

acacacca

cbcbcbbc

+

+

+

 

 Then 

bacbabacabc

acbacacbabc

cbacbcbaabc

abc
+

+

+

=

)(

)(

)(
1  

  

bacbabac

acbacacb

cbacbcba

abc

abc

+

+

+

=

)(1

)(1

)(1

 

 
 Now subtracting the second row from the first and then the third row from the second, we have 

   = 

bacbabac

cbcbacbcba

babacbabac

+

−−

−−

)(1

)()(0

)()(0

 

   = 

bacbabac

aa

cc

cbcbbaba

+





−−

)(1

0

0

)()(  

  = (ab− ab) (bc−bc) (ca−ca) 

 

Example 4: 

 If ap; bq; cr and 

rba

cqa

cbp

 = 0, then 

 find the value of
cr

r

bq

q

ap

p

−
+

−
+

−
. 

Solution: 
 The determinant is 

  p(qr−bc) + b(ca−ar) + c(ab−aq) = 0 

  pqr + 2abc−pbc−qca−rab = 0 

 add the following to both sides 

  2pqr− 2abc + 2pbc + 2qca + 2rab− 2aqr− 2bpr− 2cpq 
 Then 

 LHS  = 3pqr + pbc + qca + rab− 2aqr− 2bpr− 2cpq 

  = p(q−b) (r−c) + q(p−a) (r−c) + r (p−a) (q−b) 

 RHS  = 2(p−a) (q−b) (r−c) 

 

  p(q−b) (r−c) + q(p−a) (r−c) + r(p−q) (q−b) = 2(p− a) (q−b) (r−c) 

 Divide by (p−a) (q−b) (r−c) 
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  2=
−

+
−

+
− cr

r

bq

q

ap

p
. 

  the value of the required expression is 2. 
 

Example 5:  
 Consider a determinant of order three whose all elements are 1 or −1, prove that value of 

determinant will always be a multiple of four. 

Solution: 

 Let  

321

321

321

ccc

bbb

aaa

=  be a determinant of order 3. 

  = 
211

321

321

332211

Applying RRR

ccc

bbb

bababa

−→

−−−

 

  = ( ) ( ) ( )
21

21
33

31

31
22

32

32
11

cc

bb
ba

cc

bb
ba

cc

bb
ba −+−−−  

 now each of ( ) ( )2211 , baba −−  and ( )33 ba −  will either be –2, 0 or 2 and so will be determinant 

of order two. 

   will either be 4, 0 or –4. 
 

Example 6: 

 Prove the identity 
222

222

222

)(

)(

)(

bacc

bacb

aacb

+

+

+

 = 2abc(a + b + c)3 

Solution: 
 It is easy to show that the determinant vanishes when a = 0, b = 0, c = 0; hence abc is a factor of 

the determinant. 
Again, subtracting the second column from the first, and then the third from the second, the 

determinant = 
222

22222

222

)()(0

)()(

0)(

babac

bbacacb

aacb

++−

−++−

−+

 

 Here both the first and second columns contain (a + b + c) as a factor. Hence (a + b + c)2 must be 
a factor of the determinant, and since it is of six dimensions, theremaining factor must be of the form 
N(a + b + c), because of cyclic symmetry whereN is a mere number. Thus the given determinant 
must be equal to Nabc (a + b + c)3. 

 By putting a = b = c = 1, we have 

411

141

114

= 27N 

 i.e.,  27N = 

451

300

033

411

330

033

−

−

=−

−

 = 3(15 + 3) = 54. 

  we have N = 2 
 Thus the given determinant = 2abc (a + b + c)3. 
 

Example 7: 

 If D = 

)!4()!3()!2(

)!3()!2()!1(

)!2()!1(!

+++

+++

++

nnn

nnn

nnn

, then show that 













− 4

)!( 3n

D
is divisible by n. 

 
Solution: 

 

)4()3()2()1()3()2()1()2()1(

)3()2()1()2()1(1

)2()1(11

)!( 3

+++++++++

++++++

+++

=

nnnnnnnnn

nnnnnn

nnn

n

D  
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  = (n + 1) (n + 1) (n + 2) 

)4()3()3()2()2()1(

321

111

++++++

+++

nnnnnn

nnn  

  = (n + 1)2 (n + 2) 

10442)2()1(

211

001

++++

+

nnnn

n  

  = (n + 1)2 (n + 2)  2 = (n2 + 2n + 1) (n + 2)  2  = 2n (n2 + 2n + 1) + 4n (n + 2) + 4 

  )2(4)12(24
)!(

2

3
++++=− nnnnn

n

D  

 and the R.H.S. contains n as a factor. Hence the problem. 
 

 
Example 8:  

 Let ( )
( ) nnnk

nnk

nk

Ak

3331

2421

61

233

22

−−

−−

−

= , show that 0

1

=
=

k

n

k

A . 

 

Solution: 

  

nnnk

nnk

nk

A

n

k

n

k

n

k

k

n

k

333)1(

242)1(

6)1(

233

1

22

1

1

1

−−

−−

−

=









=

=

=

=

 

 Now 
=

−
=−++++=−

n

k

nn
nk

1 2

)1(
)1(...210)1(  

 

  
=

−−
=−+++=−

n

k

nnn
nk

1

2222

6

)12()1(
)1(...10)1(  

  
=

−
=−+++=−

n

k

nn
nk

1

22
3333

4

)1(
)1(...10)1(  

  
=

−
−

−
−−

−

=
n

k

k

nnn
nn

nn
nnn

n
nn

A
1

23
22

2

333
4

)1(

242
6

)12()1(

6
2

)1(

 

  =
−

− −

− −

n
n

n n n

n n n

(n )
( ) ( )

(n ) (n )

1

12

6 6

2 2 1 2 2 2 1

3 1 3 3 1

2

3

 

   = 0. 

 
 
 
Example 9:  
 Let three digit numbers A28, 3B9, 62C where A, B, C are integers between 0 and 9, be 

divisible by a fixed integer k. Show that the determinant 

  

22

98

63

B

C

A

 is divisible by k. 
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Solution: 

 Given condition 






=++=
=++=
=++=

pkCC
nkBB
mkAA

1102100662
1910100393
1810210028

 … (i) 

 where m, n, p are some integers. 

  D = 

22

98

63

B

C

A

 Apply R2: R2 + R3 10 + R1 100 and using (i) 

   

22

63

22

63

B

pnm

A

k

B

pknkmk

A

==  D is divisible by k. 

 

 
Example 10:  

 Prove that 

3

2

1

111

111

111

a

a

a

+

+

+

  = a1a2a3 












+++

321

111
1

aaa
. 

Solution: 

 321 aaa=

1
111

1
1

11

11
1

1

321

321

321

+

+

+

aaa

aaa

aaa

 by 
1

1
11

1
: C

a
CC →  etc. 

  3211

32321

32321

32321

321 :by

1
11

1
111

1
1

1
1

111

11
1

111

CCCC

aaaaa

aaaaa

aaaaa

aaa ++

++++

++++

+++

=  

 

1
11

1

1
1

1
1

11
1

1
111

32

32

32

321
321

+

+












+++=

aa

aa

aa

aaa
aaa   by taking out a common factor from C1 

  

100

010

11
1

1
111 32

321
321

aa

aaa
aaa 













+++=  by R2: R2 – R1 and R3: R3 – R1 

  












+++= 1

111

321
321

aaa
aaa  
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MIND MAP 

  
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
E
T
E
R
M

I
N
A
N
T
S
 

DETERMINANT OF ORDER THREE 

 

333231

232221

131211

aaa

aaa

aaa

=  a11

3332

2322

aa

aa
− a12

3331

2321

aa

aa
 + a13

3231

2221

aa

aa
 

 where aij means element of ith row and jth column.  

 and 
3231

2221

aa

aa
= a21 a32− a31 a22. 

MINOR 

 Minor of aij is the determinant of elements which is obtained after deleting 
ith row and jth column. 

COFACTOR 

 Cofactor of aij is the product of minor of aij with (−1)i+j  

PROPERTIES OF DETERMINANTS 

• If two rows/columns in a determinant are 

interchanged, the sign of the determinant 
changes 

• If the numbers in one row/column are added, 

m times the number in another row/column, 
the value of the determinant remains 
unaltered. 

• If rows and columns are interchanged, the 

value of the determinant remains unaltered. 

• If all the numbers in any row/column are zeros, 

the value of the determinant is zero. 

• If two rows/columns are identical, the value of 

the determinant is zero. 

• If the elements of a row/column are multiplied 

by any number m, the determinant is multiplied 
by m. 

SUM OF DETERMINANTS 

• If each of the elements of a row is expressed as the 

sum of two numbers, then the determinant may be 

written as the sum of two determinants. 

 
22

33

22

11

22

3131

ba

ba

ba

ba

ba

bbaa
+=

++
 

PRODUCT OF DETERMINANTS 

• Two determinants can be multiplied together by the 

following rule. 

 
dscqdrcp

bsaqbrap

sr

qp

dc

ba

++

++
=  

DIFFERENTIATION OF DETERMINANTS 

• F(x) = 

)()()(

)()()(

)()()(

333

222

111

xhxgxf

xhxgxf

xhxgxf

 then F(x) = 

)()()(

)()()(

)()()(

)()()(

)()()(

)()()(

)()()(

)()()(

)()()(

333

222

111

333

222

111

333

222

111

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf

xhxgxf



++



 

 

SYSTEM OF LINEAR EQUATIONS (CRAMERS 
RULE) 

• Consider the system of n linear equations in n 

unknowns given by 

 11212111 ........ bxaxaxa nn =+++  

 22222121 ....... bxaxaxa nn =+++  

  …………………………………… 

 nnnnnn bxaxaxa =+++ .......2211  

 Let 

nnnn

n

n

aaa

aaa

aaa

D

21

.

.
222

.

.
21

11211

=  

 Let Dj be the determinant obtained from D after 

replacing the j th column by constants. 

 Then, if D  0, we have     

 
D

D
x

D

D
x

D

D
x n

n === ,......,, 2
2

1
1 . 

SYSTEM OF HOMOGENEOUS LINEAR 

EQUATION 

• If the constant b1 , b2 …….. bn are zero then the 

system  of equations have a trivial solution x1 = x2 

= …. xn = 0. 

• It has a non trivial solution also if D is zero. 

SPECIAL DETERMINANTS  

• Symmetric determinants: The elements situated at 

equal distances from the diagonal are equal both in 

magnitude and sign, i.e. aij = aji 

 e.g. 
2222 chbgaffghabc

cfg

fbh

gha

−−−+=  

• Skew Symmetric determinants: The diagonal 

elements are zero and the elements situated at equal 

distances from the diagonal are equal in magnitude but 

opposite in sign. The value of a skew symmetric 

determinant of odd order is zero. 

• Circulant determinants: The elements of the rows (or 

columns) are in cyclic arrangement. 
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EXERCISE – I 

 

CBSE PROBLEMS 

 

1. If 9−=x  is a root of 0

67

22

73

=

x

x

x

, find other roots. 

 

2. Without expanding show that the value of each determinant is zero. 

 (i) 

1291

431

1299

−−   (ii)   

( )
( )
( )+

+

+

sincossin

sincossin

sincossin

 

 

3. Show that 

bac

acb

cba

cbbaac

baaccb

accbba

2=

+++

+++

+++

 

 

4. Find the value of the determinant 

cbabaa

cbabaa

cbabaa

3610363

234232

+++

+++

+++

. 

 

5. Show that 
222

22

22

22

4 cba

bacbca

bcacba

acabcb

=

+

+

+

. 

 

6. Show that 







+++=

+

+

+

1
111

111

111

111

cba
abc

c

b

a

. 

 

7. Show that ( )3
2

2

2

2

cba

bacac

bacbc

bacba

++=

++

++

++

. 

 

8. Show that ( )23

2

2

2

1

1

1

1

−= a

aa

aa

aa

. 

 

9. Show that 3

38810

2445 x

xxyx

xxyx

xxyx

=

+

+

+

. 
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10. Show that ( )( )( )xzzyyx

xzxz

zyzy

yxyx

−−−=

++

++

++

22

22

22

1

1

1

. 

 

11. Using Cramer’s rule, solve the following system of equations: 

 
2222,,1 pzcybxapczbyaxzyx =++=++=++ . 

 

12. Solve the following equations, using Cramer’s rule. 

 63 =+− zyx  

 433 −=−+ zyx  

 10335 =++ zyx . 

 

13. The sum of three numbers is 6. If we multiply third number by 2 and add the first number 

to the result, we get 7. By adding second and third numbers to three times the first 

number, we get 12, use determinant to find the numbers. 

 

14. Given that aybxzcxazybzcyx +=+=+= ,, ; where x, y, z are not all zero, show that 

12222 =+++ abccba . 

 

15. If ( ) ( ) ( )332211 ,,,,, yxCyxByxA  be the vertices of an equilateral triangle whose each 

side is equal to k, then show that 
4

2

33

22

11

3

2

2

2

k

yx

yx

yx

= . 
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EXERCISE – II 

 

IIT-SINGLE CHOICE CORRECT 

 

1. The number of roots of 

x

x

x

+

+

+

321

321

321

 = 0 is 

 (a) one (b) two 

 (c) three (d) more than three 

 

2. The roots of  

x

xx

xx

267

2421216

114342

++

++

 = 0 are 

 (a) 








2

7
,1,

2

9
 (b) 








−

2

7
,1,

2

9
 

 (c) 







−

2

7
,1,

2

9
 (d) 








−

2

7
,1,

2

9
 

 

3. The determinant 

−



+−+

=

cossincos

sincossin

2cos)(sin)(cos

 is independent of 

 (a)  (b)  

 (c)  and  (d) neither  nor  

 

 

4. The value of the determinant

2
)2(

2
)1(

2

1
)2(

1
)1(

1

111

CCC

CCC
mmm

mmm

++

++  is equal to 

 (a) 1 (b) –1  
 (c) 0 (d)  none of these 

 

5. If ,

320

134

136

iyx

i

i

ii

+=−

−

 then 

 (a) x = 3, y = 1 (b) x = 1, y = 3 

 (c) x = 0, y = 3 (d) x = 0, y = 0 

 

6. If the system of equations x – ky – z = 0, kx – y – z = 0, x + y – z = 0 has a non-zero 

solution, then the possible values of k are  

 (a) – 1, 2 (b) 1, 2 
 (c) 0, 1 (d) – 1, 1 

 

7. Let ( ) ( )1−= xxxf , then  

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )432

321

210

fff

fff

fff

=  is equal to  
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 (a) !2−  (b) !2!3 −−  

 (c) 0 (d) none of these  

 

8. If 0
111

=++
cba

, then 

c

b

a

+

+

+

111

111

111

 is equal to   

 (a) 0 (b) abc 

 (c) –abc (d) none of these   

 

9. If 

333

222

111

cba

cba

cba

= , then 

33333

22222

11111

2

2

2

cbcba

cbcba

cbcba

++

++

++

 is equal to   

 (a)  (b) 2 

 (c) 
2

1
 (d) none of these  

 

10. If in a ABC, ,0

1

1

1

=

cb

ac

ba

 then the value of CBA 222 sinsinsin ++  is   

 (a) 
4

9
 (b) 

9

4
 

 (c) 
2

33
  (d) 1 

 

11. If ,

xba

axb

bax

−

−

−

=  then a factor of  is   

 (a) ( ) abbaxbax −+++− 222
 (b) ( ) abbaxbax +++−− 222

 

 (c) ( ) abbaxbax −++++ 222
 (d) none of these 

 

12. If , , R, then  

( ) ( )
( ) ( )
( ) ( ) 1coscos

cos1cos

coscos1

−−

−−

−−

=  is equal  to  

 (a) –1 (b)  cos  cos  cos  

 (c) cos  + cos  + cos  (d) none of these 
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13. If  







++−−−=

++

++

++

zyx
xzzyyx

zzz

yyy

xxx

nnn

nnn

nnn

111
)()()(

32

32

32

, then n equals  

 (a) 1    (b) −1 

 (c) 2    (d) −2 

 

 

14. If A, B and C are the angles of a  and ,
2

2

2

iCiAiB

iAiBiC

iBiciA

eee

eee

eee

−

−

−

=  then   

 (a)  = –4 (b)  = –3 

 (c)  = –2 (d) none of these 

 

15. Let ,,, +Rcba  then 1and1,1
2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

=++−=+−=−+
c

z

b

y

a

x

c

z

b

y

a

x

c

z

b

y

a

x  has   

 (a) unique solution   (b) no solution  

 (c) infinitely many solution   (d) finite number of solution  

 

16. If the system of equation 132 =−+ zyx , ( ) ( ) 212,32 =++=+ zyaza  is inconsistent,  

then the value of a is equal to  

 (a) 1  (b)  0 

 (c) –2  (d) –
2

1
 

 

17. If a> 0 and discriminant of cbxax ++ 22  is negative, then 

0cbxbax

cbxcb

baxba

++

+

+

 is    

 (a) positive   (b) negative 

 (c) 0  (d) ( ) ( )cbxaxbac ++− 222
 

 

18. If ( )
( )

20

23 limthen,

112

tancossin

x

xf

x

xxx

xxx

xf
x→

=  is   

 (a) 3  (b)  –1 

 (c) 0  (d) 1 

 

19. Let  k ......,, 21
 be the set of the third order determinants that can be made with the 

distinct non-zero real numbers 
921 ......,, aaa  (one or more entries may repeated), then  

 (a) k = 2
9C    (b)  2

9Pk =  

 (c) at least one 0= i
   (d) none of these 
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20. If zyx ,,  are integers in A.P., lying 1 and 9, 41,51 yx  and 31z  are three digit numbers, 

then the value of 

zyx

zyx 314151

345

 is  

 (a) zyx ++    (b)  zyx +−  

 (c) 0   (d) none of these  
 

21. Consider the system of equations 

0;0;0 333222111 =++=++=++ cybxazcybxazcybxa .  If 

333

222

111

cba

cba

cba

 = 0, then the 

system has  

 (a) more than two solutions (b) non-trivial and one trivial solutions  
 (c) no solution (d) only trivial solution (0, 0, 0) 

 
 

22. If 2222 −=++ cba  and ( )
( ) ( )

( ) ( )
( ) ( ) xcxbxa

xcxbxa

xcxbxa

xf
222

222

222

111

111

111

+++

+++

+++

= , then ( )xf  is a polynomial 

of degree  

 (a) 1 (b) 0 
 (c) 3 (d) 2 

 

23. The determinant 0

0

=

++

+

+

zypyxp

zyzyp

yxyxp

and zypxp ++ 22
 has no real root, then  

 (a) zyx ,,  are in A.P. (b) zyx ,,  are in G.P. 

 (c) zyx ,,  are in H.P. (d) zxyzxy ,,  are in A.P. 

 

24. If f (x) is a polynomial satisfying 










−








=

x
f

xf
x

fxf

xf
1

1

)(
1

)(

2

1
)(  and f (2) = 17, then f (5) = 

 (a) 126 (b) 626 

 (c) 124 (d) 624 

 

25. If Tp, Tq, Tr are the pth, qth and rth terms of an A. P., then  

111

rqp

TTT rqp

 is equal to 

 (a) 1 (b)  –1  

 (c)  0 (d)  p + q + r 
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EXERCISE – III 

 

 

IIT-JEE – SINGLE CHOICE CORRECT 
 

1. If ,0=++ cba  one root of 0=

−

−

−

xcab

axbc

bcxa

 is   

 (a) x = 1   (b) x = 2 

 (c) 222 432 cbax ++=    (d) x = 0 

2. If ,  and  are the roots of the equation 03 =++ qpxx , then determinant 







 is 

equal to   

 (a) p   (b) q 

 (c) qp 22 −    (d) none of these 

3. If ( ) ,

cos210

1cos21

01cos2

x

x

x

xf =  then =






 


3
f  

 (a) 3−    (b)  –4 

 (c) –3   (d) 2−  

 

4. The value of det(A) where 

















−−

−



=

1sin1

sin1sin

0sin1

A  lies in the interval   

 (a) [1, 2]   (b)  [0, 2] 

 (c) (1, 2)   (d) none of these 

 

5. If  Sr = 

)1(24

)32(16

)1(2

33

22

+−

+−

+

nnznrr

nnyr

nnxr

, then the value 
=

n

r

rS
1

 is independent of 

 (a) x only (b) y only 

 (c) x, y, z and n (d)  n only 

 

6. If p, q, r are negative and distinct, then the determinant 

qpr

prq

rqp

=  is 

 (a) < 0 (b)  0 

 (c) 0 (d) > 0 

 

 

7. If A + B + C = , then the value of 

0tan)(cos

tan0sin

cossin)(sin

ABA

AB

CBCBA

−+

−

++

 is 
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 (a) 0 (b) 1 

 (c) 2 sinB tanA cosC (d) none of these 

 
8. If the capital letters denote the cofactors of the corresponding small letters in the 

determinant  

333

222

111

333

222

111

ofvaluethethen,

CBA

CBA

CBA

cba

cba

cba

==  

 (a)  (b) 2  

 (c) 2 (d) 0 

 

9. If [x] denotes the greatest integer less than or equal to x, then for –1 x< 0, 0 y< 1,  

 1 z< 2, the value of the determinant 

1][][][

][1][][

][][1][

+

+

+

zyx

zyx

zyx

 is 

 (a) [x] (b) [y] 

 (c) [z] (d) [x + 1] 

 

10. If a1a2 …. form a G. P. and ai> 0 for all i 1, then 

876

543

21

logloglog

logloglog

logloglog

+++

+++

++

=

mmm

mmm

mmm

aaa

aaa

aaa

 is 

 (a) log am+8 – log am (b) log am+8 + log am 

 (c) zero (d) log2am+4 

 

11. Given ( )3,2,11222 ==++ icba iii  and 0=++ jijiji ccbbaa ( )3,2,1, = jiji , then 

the value of 

321

321

321

ccc

bbb

aaa

 is  

 (a) 0 (b) 
2

1
 

 (c) 1 (d) 2 

 

12. If 
( )

......
1logcos

sin 2

2
+++=

+
CxBxA

xx

xe

e

x

, then A = …… and B = …… 

 (a) –1, 1 (b) 0, –1 

 (c) –2, 2 (d) 0, –2 

 

 

13. 

nn

x

x

x



=

...............

.........11

.........11

.........11

 is equal to   

 (a) ( ) 1
1

−
−

n
x  (b) ( ) ( )nxx

n
+−

−1
1  

 (c) ( ) ( )11
1

−+−
−

nxx
n

 (d) none of these  
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14. The value of the determinant 












































































z

y

y

x

x

z

y

x

x

z

z

y

x

z

z

y

y

x

ccc

bbb

aaa

logloglog

logloglog

logloglog

 is equal to   

 (a) 1 (b) –16 
 (c) xyzzlog  (d) none of these  

 

15. Let ( )
32

3

016

cossin

ppp

xxx

xf −= , where p is a constant. Then the value of  ( ) xf
dx

d
3

3

 at x = 0  

 (a) p (b) 
2pp +  

 (c) 
3pp +  (d) independent of p 

 
 

16. If the determinant 

xxx

xxx

xxx

2coscos4cos

cos2cossin

4cossin2cos

2

22

2

 is expanded in powers of sin x, then the 

constant term in the expansion is  

  

 (a) 1 (b) 2 
 (c) –1 (d) none of these  

 

17. If a, b, c are in A.P. and ( )
123

112

11

2

2

2

−+

−+

++

=

xcx

xbx

xax

xf , then ( )xf   is   

 (a) 0 (b) 1 

 (c) bca +  (d) 
cba

abc

++
 

 

 

 

18. If 
21, xx and 

21, yy  are the roots of the equation 09183 2 =+− xx  and 0242 =+− yy , 

then the value of the determinant 

( ) 1
2

cossin

2

1

2121

2121

2121








 


++

xxxx

yyxx

yyxx

 is 

 (a) 0 (b) 1 
 (c) c (d) none of these  
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19. If ( ) ( )xgxf ,  and ( )xh  are three polynomials of degree 3, then  

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )xhxgxf

xhxgxf

xhxgxf



  is a 

polynomial of degree 

 (a) 0 (b) 1 
 (c) 2 (d) none of these  

 
 

20. If EDtCtBtAt ++++ 234 = 

ttt

ttt

tttt

343

321

3132

+−

−−+

−−+

, then E equals  

 (a) 33 (b) –39 
 (c) 27 (d) 24 

 

21. If f(x) = 

)1()1()2()1()1(3

)1()1(2

11

−+−−−

+−

+

xxxxxxxx

xxxxx

xx

, then f (100) is equal to  

 (a) 0 (b) 1 

 (c) 100 (d) –100 

 

 

22. The number of distinct real roots of 0

sincoscos

cossincos

coscossin

=

xxx

xxx

xxx

 

 in the interval 
44





− x  is  

 (a) 0 (b) 2 

 (c) 1 (d) 3 

 

23. Suppose x, y, z are positive and none of x, y, z is 1. If 

zyxyx

zx

zy

yy

xx

2sin)cos()sin(

log1log

loglog1

+−+

=  then  is independent of  

 (a) x only (b) x and y only 

 (c) y and z only (d) x, y, and z  

 

24. If 
( )

2
sin

2
sin

2

1
sin

1
12

sin
1

1
2 1










 +

+
−


+

=

−

nn

n

n

zyx

K
KK

D

n

K

K
, then K

n

K

D
=1

 is equal to  

 (a) 0 (b) –1 

 (c) 2 (d) –2 
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25. If the system of equations ( ) ( ) ( ) ( )1,,; −+=+=+= cbayxczxzby,zyax  has a non-

trivial solution, then the value of 
c

c

b

b

a

a

+
+

+
+

+ 111
 is  

 (a) 1 (b) 0 

 (c) –1 (d) 2 
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EXERCISE – IV 

 

ONE OR MORE THAN ONE CHOICE CORRECT 

 

1. The system of equations ax + by = c, ax + by = c 

 (a) has a unique solution if ab – ab 0 (b) has no solution if 





=
 c

c

b

b

a

a
 

 

 (c) has infinite solutions if 


=


=
 c

c

b

b

a

a
 (d) none of these 

2. If and3,2,1for,,, = iRcbaRx iii ,0

33333

22222

11111

=

++

++

++

cbxaxba

cbxaxba

cbxaxba

 then  

 (a) x =1 (b) x = – 1  

 (c) 0

333

222

111

=

cba

cba

cba

 (d)  none of the above 

3. If 

x

x

x

xfx

11

11

11

)(and10

−−

−= , then  

 (a) least value of f(x) is 0 (b) greatest value of f(x) is 4  

 (c) f(x) has local maxima at 
3

2
=x  (d) f(x) has local maxima at 

3

1
=x  

 

4. 

x

x

x

xf

cos210

1cos21

01cos2

)( = , then 

 (a) ( ) 0

0

=


dxxf  (b) maximum value of f(x) is 4  

 (c) 0)(lim
2/

=
→

xf
x

 (d) 0)0( =f  

 

5. The determinant 

−



+−+

cossincos

sincossin

2cos)sin()cos(

 is  

 (a) non negative    (b) independent of   

 (c) independent of     (d) independent of   and   both  

 

6. If ( ) 2

2

2

1

11logcos

1sin

cxbxa

xx

xx

xe

e

x

++=+= , then  

 (a) 0=a  (b) 1=a  (c) 1−=b  (d) 2−=b  
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7. The value of x for which 33

1684

842

421

33

23

22



−

−

−

+

x

x

x

x

x

x

 is  

 (a) 10  x  (b) 
2

1

2

1
− x  (c) 

7

1
−x  (d) 1x  

 

8. Let 

2
2

1
1

2
2

1
1

21

)(

+
+

+
+

+
+

+
+

++

=

n
n

n
n

n
n

n
n

n
n

n
n

CCC

PPP

nnn

nf  where the symbols have their usual meaning. The )(nf  

is divisible by  

 (a) 12 ++ nn  (b) )!1( +n  (c) !n  (d) none of these  

 

9. If ba

xx

xx

xx

xf
ab

ba

ba

,

)1(1)21(

)21()1(1

1)21()1(

)(

++

++

++

=  being positive integers, then  

 (a) constant term of )(xf  is 0  (b) coefficient of x in f(x) is 0 

 (c) constant term in )(xf  is ba −  (d) constant term in )(xf  is ba +  

 

10. If maximum and minimum values of the determinant 

xxx

xxx

xxx

2sin1cossin

2sincos1sin

2sincossin1

22

22

22

+

+

+

 are 

  and ,  then  

 (a) 499 =+    

 (b) 26173 =−  

 (c) )( 22 nn −  is always an even integer for Nn   

 (d) a triangle can be constructed having its sides as +− ,  and .3+  

 

11. If ,

222

2

2

zyxzyy

zzxy

zzyx

−−−

−−

−−

=  then  

  (a) )( yx −  is a factor of    (b)  is a factor of   

 (c) 
3)( yx −  is a factor of    (d)   is independent of z 

 

12. Let ,

0cossinsinsin

sinsincoscoscos

cossinsincossin

−

−



=  then  

 (a)   is independent of    (b)   is independent of   

 (c)   is a constant   (d) 0
2/

=








=d

d
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13. Let ,

2

2

2

daada

adada

dadaa

++

++

++

=  then  

 (a)  depends on a  (b)   depends on d (c)  is a constant (d) all above 

 

14. Let 0, ba and ,

xba

axb

bax

−

−

−

=  then  

 (a) xba −+  is a factor of     

 (b) abbaxbax −++++ 222 )(  is a factor of  

 (c)  = 0 has two real roots if ba =   

 (d) none of these  

 

15. Let ( ) ( )
21

111

log1

aa

n

xxx

xf
n

n

−−= , then   

 (a) nth derivative of ( )xf  at 1 is independent of a 

  (b) nth derivative of ( )xf  at 1 is independent of n 

 (c) nth derivative of )(xf  at 1 depends upon a and n  

 (d) all above are correct 
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EXERCISE −V 

  
 

MATCH THE FOLLOWING 

Note: Each statement in column – I has one or more than one match in column - II 

1. 

 Column I Column II 

I. If the system of equations x + ay + az = 0,  

bx + y + bz = 0 and cx + cy + z = 0 where a, b and c are 

non-zero non unity, has a non-trivial solution, then the 

value of 
c

c

b

b

a

a

−
+

−
+

− 111
 is 

A.  9 

II. The roots of the equation 0

111

111

111

=

−

−

−

x

x

x

 are B. –1 

III. If the value of a third order determinant is 3, then the value 

of the square of the determinant formed by the cofactors 

will be 

C. 4 

IV. The value of the determinant 

111

111

111

−

−

−

 is equal to 
D. 2 

 

 
Note: Each statement in column – I has one or more than one match in column - II 

2.  
 

 Column I Column II 

I. If abc, then the value of x satisfying the equation 

0

0

0

cxbx

cxax

bxax

++

−+

−−

 is 
A. )(

3

1
cba ++  

II. The equation ,0=

−−−

−−−

−−−

bxaxcx

axcxbx

cxbxax

 where a, b, c are 

different, is satisfied by 

B. 0 

III. If 0111 =++ −−− cba  such that 
abc

1

,1

111

111

111

+=

+

+

+

c

b

a

 then the value of  is 

 C. – (a + b + c) 

IV. If ,0=

+

+

+

cxba

cbxa

cbax

 then x equals D.  –1 

Note: Each statement in column – I has one or more than one match in column - II 

 

 

3. The entries in a 3 × 3 determinant are either 1 or –1, then match the following: 

 



 

 
 42 

Mathematics 

 Column I Column II 

I. Total number of such determinants are A. 4 

II. The number of determinants whose value is 6 are B. 3 

III. The maximum value of such a determinant is   C. 512 

IV. The maximum value of trace of such 

determinants 
D. zero 

 

REASONING TYPE 
 

Directions: Read the following questions and choose 

 (A)  If both the statements are true and statement-2 is the correct explanation of 

 statement-1. 

 (B) If both the statements are true but statement-2 is not the correct explanation of 

 statement-1. 

  (C) If statement-1 is True and statement-2 is False. 

 (D)  If statement-1 is False and statement-2 is True. 

 

1. Statement-1: 0

1loglog

log1log

loglog1

=

yx

zx

zy

zz

yy

xx

. 

 Statement-2: 
b

a
ab

log

log
log = and 0=  if rows are identical. 

 (a) A (b)   B (c) C (d) D 

 

2. Statement-1: 0

0

0

0

=

−−

−−

−−

qrpr

rqpq

rpqp

. 

 Statement-2: A skew symmetric determinant of odd order is zero. 
 

 (a) A (b)   B (c) C (d) D 

 

3. Statement-1: If ,0

4
11

2
109

8
10

6
9

4
8

7
10

5
9

3
8

=

++ nnn CCC

CCC

CCC

 then .3=n  

 Statement-2: r
n

r
n

r
n CCC 1

1
+

− =+ . 
 

 (a) A (b)   B (c) C (d) D 

4. Statement-1:  If each element of a determinant of 3rd order with value A is multiplied by 3, 

then the value of newly formed determinant is 3A. 

 Statement-2:   If any row of a determinant has   a factor with each element of that row 

then .' A=  

 (a) A (b)   B (c) C (d) D 

 

5. Statement-1: If )(),( xGxF  and )(xH  are three polynomials of degree 2, then 

)(")(")("

)(')(')('

)()()(

)(

xHxGxF

xHxGxF

xHxGxF

x =  is a polynomial of degree 3. 
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 Statement-2: If )(xfy =  is of degree 2, then .0
3

3

=
dx

yd  

 (a) A (b)   B (c) C (d) D 

 
 

LINKED COMPREHENSION TYPE 
 

 Let the given equations be 
1111 dzcybxa =++ , 

2222 dzcybxa =++  

 and  
3333 dzcybxa =++ .   

 Let 

333

222

111

333

222

111

,

cbd

cbd

cbd

cba

cba

cba

x == , 

333

222

111

cda

cda

cda

y = , 

333

222

111

dba

dba

dba

z =  

 Case I: If  0, then system of equations have unique solution. 

 Case II: If  = 0, 0,0,0 === zyx , then system has infinite number of solutions. 

 Case III: If  = 0 and at least one of yx  ,  or 
z  non zero, then system has no 

solution. 

 If system of equations have solution, then they are consistent, otherwise inconsistent. If in 

given equations 0321 === ddd , then  = 0 gives non trivial solution whereas  0 gives 

trivial solution.  
 

1. If the given system of equations 3x – y + 4z = 3,  x + 2y – 3z = – 2 and  6x + 5y + z = –3 

had at least one solution for any real number , then the number of solution(s), if  = –5  

is (are) 

 (a) infinite solution (b) unique solution  

 (c) no solution (d) none of these 
 

 

2. If the given equations 2x + 3y = 3,  (c + 2) x + (c + 4) y = c + 6 and   

 (c + 2)2x + (c + 4)2y = (c + 6)2  are consistent. Then the value(s) of c is (are) 

 (a) c = 0   (b) c = – 10  

 (c) both (a) and (b)   (d)  none of these 
 

 

3. If ab, then the system of equations  ax + by + bz = 0;  bx + ay + bz = 0; ax + by + az = 0 

will have a non-trivial solution if  

 (a) a + b = 0    (b) a + 2b = 0  

 (c) 2a + b = 0    (d) a + 4b = 0 
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EXERCISE – VI 

 
 

SUBJECTIVE PROBLEMS 

 

1. Evaluate  ( )( ) ( ) ( )
( ) ( ) abcdbacddcabcdab

bacddcabdcbadcba

cdabdcba

2

2

2

++++

++++++++

++++

. 

 
 
 

2. Prove that for all values of  

 0

3

4
2sin

3

2
cos

3

2
sin

3

4
2sin

3

2
cos

3

2
sin

2sincossin

=








 
−







 
−







 
−








 
+







 
+







 
+



. 

 

 

3. Show that 

abcba

cabac

bcacb

22

22

22

)(

)(

)(

+

+

+

 = (a2 + b2 + c2) (a + b + c) (a – b) (b – c) (c – a). 

 

4. For what values of p and q the system of equation  

  862 =++ zpyx  

  x + 2y + qz = 5 

  x + y + 3z = 4 

 has (i) no solution (ii) a unique solution (iii) infinitely many solutions. 
 
 

5. Prove that 

)(sin)(sin)(sin

)(sin)(sin)(sin

)(cos)(cos)(cos

−−−

+++

+++

 is independent of . 

 

6. Prove that 1 −x2 is a factor of  

33333

22222

11111

cbxaxba

cbxaxba

cbxaxba

++

++

++

 

7. If 

)()()(

)()()(
222 

=

hxgxfx

xhxgxf

hgf

 where f, g, h are differentiable functions of  x and primes 

denote derivatives, then show that  

)()()( 333 

=


hxgxfx

hgf

hgf

dx

d
. 

 

8. Find all the values of t for which the system of equations 

  (t – 1)x + (3t + 1)y + 2tz = 0 

  (t – 1)x + (4t – 2)y + (t + 3)z = 0 

  2x + (3t + 1)y + 3(t – 1)z = 0  has a non-trivial solution. 

9. Let a> 0, d> 0, show that  
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)4()3(

1

)3()2(

1

2

1
)3()2(

1

)2()(

11
)2()(

1

)(

11

dadadadada

dadadadada

dadadaaa

+++++

+++++

+++

)4()3()2()(

4
232

4

dadadadaa

d

++++
=  

 

10. Let a, b, c be real numbers, such that a2 + b2 + c2 = 1. Show that the equation 

 0=

+−−++

+−+−+

++−−

cbyaxbcyacx

bcycbyaxaybx

acxaybxcbyax

 represents a straight line. 
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ANSWERS 
 

 
EXERCISE – I 

 

 

CBSE PROBLEMS 

 

1. 2, 7 

 

4. 3a  

 

11. ( )( )
( )( )

( )( )
( )( )

( )( )
( )( )accb

appb
z

cbba

cppa
y

acba

pcbp
x

−−

−−
=

−−

−−
=

−−

−−
= ,,  

 

12. Rk
k

zkykx 
+

==−= ,
3

52
;,1  

 

 

13. 3, 1, 2 

 

 
EXERCISE – II 

 

 

IIT-SINGLE CHOICE CORRECT 
 

 1. (c)  2. (c)  3. (a)   4. (a)  5. (d) 

 6. (d)  7. (b)  8. (b)   9. (b)  10. (a) 

 11. (c)  12. (d)  13. (b)   14. (a)  15. (a) 

 16. (d)  17. (a)   18. (b)  19. (c)  20. (c) 

 21. (b)  22. (d)  23. (b)  24. (b)  25. (c)  

 

 
EXERCISE – III 

 
 

 
IIT-JEE – SINGLE CHOICE CORRECT 

 

 1. (d)  2. (d)  3. (a)   4. (a)  5. (c) 

 6. (d)  7. (a)  8. (b)   9. (c)  10. (c) 

 11. (c)  12. (b)  13. (c)   14. (d)  15. (d) 

 16. (c)  17. (a)   18. (a)  19. (d)  20. (b) 

 21. (a)  22. (c)  23. (d)  24. (a)  25. (a)  
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EXERCISE – IV 

 

ONE OR MORE THAN ONE CHOICE CORRECT 
 

       1. (a, b, c)  2. (a, b, c)      3. (a, b) 
     4. (a, b, c, 

d) 
     5. (a, b) 

       6. (a, c)         7. (c, d)      8. (a, c)      9. (a, b)     10. (a, b, c) 

 11. (a, b)  12. (b, d)      13. (a, b)      14. (a, b)      15. (a, b) 

 

 
EXERCISE −V 

  
MATCH THE FOLLOWING 

 

1. I-[B], II-[B], [D], III-[A], IV-[C] 

 

2. I-[B], II-[A], III-[B], IV-[B], [C] 

 

3. I-[C], II-[D], III-[A], IV-[B] 

 

REASONING TYPE 

 

 1. (a)  2. (a)  3. (d)  4. (d) 5. (d) 

 

LINKED COMPREHENSION TYPE 

 

 1. (a)  2. (c)  3. (c) 

 

 
EXERCISE – VI 

 

SUBJECTIVE PROBLEMS 

 

1. 0 

 

4. (i)  2p , q = 3  

 (ii)  3,2  qp   

 (iii)  p = 2  

 

8. t = 0, 3 

 


