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DETERMINANTS 

EXERCISE # 1 
 

 

Minor cofactors & expansion of 
determinant  

Questions 

based on 
 

 

Q.1 If ABC is a scalene triangle, then the value of 

111

CcosBcosAcos

CsinBsinAsin

is 

  (A) = 0   (B)  0   

  (C) can  not say   (D) None of these 
Sol. [B] 

 Applying C1  C1 – C2 & C2  C2  C3, we get 

 

100

CcosCsinBcosBcosAcos

CsinCsinBsinBsinAsin





 

 = (sin A – sin B) (cos B – cos C)  

     – (sin B – sin C) (cos A – cos B) 

 = sinA cos B – sin A cos C – sin B cos B  

  + sin B cos C – sin B cos A + sin B cos 

B + sin C cos A – sin C cos B 

 = (sin A cos B – cos A sin B) + (sin C cos A  

      – sin A cos C) + (sin B cos C – sin C cos B) 

 =  sin (A – B) + sin (C – A) + sin (B – C) 

  ABC is a scalene triangle 

  A  B C 

  sin (A – B) + sin (C – A) + sin (B – C)  0 

   value of given determinant is  0 
 

Q.2 Co-factors of element of the second row of the 

determinant 

972

634

321



 are- 

  (A) 39, 3, 11   (B) –39, 3, 11  

 (C) 39, –3, 11       (D) 39, 3, –11 
Sol. [B] 

  

972

634

321



  

 Cofactors of second rows elements i.e. – 4, 3 and 6  

 Cofactors of – 4 is given by = – [18 + 21] = –39 

 = –39  

 Cofactors of 3 is (9 – 6) = 3 

 Cofactors of 6 is – (–7 –4) = 11 

 cofactors are –39, 3, 11 

 
 

Q.3  Without expanding value of the 

determinant

0qrpr

rq0pq

rpqp0







is- 

  (A) (p – r) (q – r)   (B) (q – r) (p – q)  

 (C) 0             (D) None of these 
Sol. [C]  

 

0qrpr

rq0pq

rpqp0







 

 Above given determinant is a skew symmetric 

determinants of odd order therefore its value is 

equal to zero.   
 

 

Questions 

based on 
Properties of determinant 

 
 

Q.4 If a, b,c are positive and are the pth, qth and rth 

terms respectively of a G.P., then the value of 

1rclog

1qblog

1palog

is - 

 (A) 0  (B) p  

 (C) q   (D) r 
Sol. [A] 

 Let A be the first term and R be the common ratio 

of the G.P., then 

 a = AR
p –1

 log a = log A+ (p – 1) log R ….(i) 

 b = AR
q–1

  log b = log A + (q –1) log R ....(ii) 

 c = AR
r–1

  log c = log A + (r –1) log R  ...(iii) 

 Now, multiplying (i), (ii) and (iii) by (q –r),  

(r – p) and (p – q) respectively and adding,  

we get 

 log a (q – r) + log b (r – p) + log c (p – q) = 0 

   = 0 

 Alternative 

 As above from (i), (ii) and (iii) 

 Now 

1rclog

1qblog

1palog

 = 

1rRlog)1r(

1qRlog)1q(

1pRlog)1p(







 

 = log R 

1r1r

1q1q

1p1p







 

  Applying C2  C2 C3  
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 = log R 

11r1r

11q1q

11p1p







 

             ( C1 & C2 are identical) 

 = 0   
 

Q.5 

baab

aacc

bccb







=  

  (A) a + b + c   (B) 2a + b + c 

 (C) ab + bc + ca       (D) 4abc. 
 

Sol. [D] 

 

baab

aacc

bccb







 

 Applying C1  C1 + C2 + C3 

 

baa)ba(2

aac)ac(2

bc)cb(2







 

 Applying C1  C1 – C2 

 2 

baab

aac0

bcb



 = 2b 

baa1

aac0

bc1



  

 = 2b 

baa1

aac0

aac0







 Applying R1  R1 – R3 

 = 2b {a (c – a) + a(c + a)} 

 = 2b {ac – a
2
 + ac + a

2
} = 4abc 

 

Q.6 If ax
4
 + bx

3
 + cx

2
 + dx + e =  

 

x31x1x

1xxx1x

1x1xx2
2







, then the value of e, is   

 (A) 0  (B) –2  

 (C) 3  (D) –1 
Sol. [A] 

 ax
4
 + bx

3
 + cx

2
 + dx + e =  

 

x31x1x

1xxx1x

1x1xx2
2







 

 Put x = 0 both sides 

 e = 

011

101

110







 

 = 1 (–1) + 1(1) 

 = –1 + 1 = 0 

  e = 0 

 

 

Questions 

based on 
Multiplication of determinants 

 
 

Q.7 If A, B and C are the angles of a triangle, then 



C2sinAsinBsin

AsinB2sinCsin

BsinCsinA2sin

 

 (A) 0 (B) 1 (C) 2 (D) 3  

Sol. [A] 

 

C2sinAsinBsin

AsinB2sinCsin

BsinCsinA2sin

 

 We know that 
Asin

a
= 

Bsin

b
= 

Csin

c
= 2R 

 and cos A = 
bc2

acb 222 
= a

abc2

)acb( 222 
 

  sin 2A = 2 sin A cos A  

  = 2. 
R2

a
. 

bc2

)acb( 222 
   

 Hence the elements of R1 in  are 

 
bcR2

)acb(a 222 
 

R2

c
 

R2

b
 

 or 
Rbc2

1
{a(b

2
 + c

2
 –a

2
)         bc

2
   b

2
c} 

 = 
)Rab2()Rca2()Rbc2(

1
 

      

)cba(cbaab

ca)bac(bac

cbbc)acb(a

22222

22222

22222







 

 Take a, b, c common from C1, C2 and C3 

respectively. 

  = 
abcR8

1
3

 

 
22222

22222

22222

cbaab

abacc

bcacb







 

 Now apply R1 – R2 and R2 – R3 and take  

(b
2
 – a

2
) and (c

2
 – b

2
) common from R1 and R2. 
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  =  

abcR8

)bc()ab(
3

2222 

22222 cbaab

111

111



 

  = 0 (as two rows are Identical) 

 

Q.8 The value of the determinant  

 

1)cos()cos(

)cos(1)cos(

)cos()cos(1







 

 is equal to  

  (A) cos  + cos  + cos    

  (B) cos  cos  + cos  cos + cos  cos  

 (C) –1   

  (D) 0 

Sol. [D] 

  = 

1)cos()cos(

)cos(1)cos(

)cos()cos(1







 

 The above determinant is obtained by multiplying 

two zero determinants: 

  = 

0sincos

0sincos

0sincos







0sincos

0sincos

0sincos







= 0 

   = 0   

  

 

Questions 

based on 
Application of determinant 

 
 

Q.9 If the following equations      

 x + y – 3 = 0 

 (1 + ) x +  (2 + ) y – 8 = 0 

 x – (1 + ) y + (2 + ) = 0  

 are consistent then the value of is 

 (A) 1 (B) –1 (C) 0    (D) 2  

Sol. [A] 

 x + y – 3 = 0 

 (1 + ) x + (2 + ) y – 8 = 0 

 x – (1 + ) y + (2 + ) = 0  

 since, here the equation are in two variables x and 

y. If they are consistent then the value of x and y, 

obtained from first two equations should satisfy 

the third equation and hence D = 0, i.e. 

  







211

821

311

 = 0 

  





521

3511

001

 

 Applying C2  C2 – C1, C3  C3 + 3C1 

  (5 + ) + (2 + ) (–5 + 3) = 0 

  3
2
 + 2 – 5 = 0 

  ( –1) (3 + 5) = 0 

 = 1, – 5/3 

    = 1 given in option (A) 

 

Q.10 If a + b + c  0 and the system of equations  

  ax + by + cz = 0 

  bx + cy + az = 0  

  cx + ay + bz = 0  

 has a non-trivial solution, then the roots of the 

equation at
2
 + bt + c = 0, are  

 (A) imaginary  

 (B) real and distinct  

 (C) real and of opposite sign   

 (D) real and equal  

Sol. [A] 

 Since a + b + c  0 and given system of equations 

has a non- trivial solution, therefore 

 

bac

acb

cba

= 0 

 C1  C1 + C2 + C3     

 

bacba

accba

cbcba







= 0  (a + b + c) 

ba1

ac1

cb1

= 0 

 Since a + b + c  0 given 

 

ba1

ac1

cb1

 = 0 

 

ba1

baac0

accb0





 = 0 

  (a – b) (b – c) – (c – a)
2
 = 0 

  ab – ac – b
2
 + bc – a

2
 – c

2
 + 2ac = 0 

  ab + bc + ca – a
2
 – b

2
 – c

2
 = 0 …(1) 

 given equation is 

 at
2
 + bt + c = 0 

 D = b
2
 – 4ac 

 From (1) 

 a
2
 + b

2
 + c

2
 – ab – bc – ca = 0 

 = 
2

1
[(a – b)

2
 + (b – c)

2
 + (c – a)

2
 ] = 0 



 

Power by: VISIONet Info Solution Pvt. Ltd 

Website : www.edubull.com Mob no. : +91-9350679141     
 

Edubull 

 either a = b 

 and b = c 

 and c = a 

  a = b = c 

  D = b
2
 – 4a.c 

 D = b
2
 – 4b

2
 

 D = – 3b
2
 

 D < 0 

  roots are imaginary. 

     
 True or false type questions 

 

Q.11 If a, b, c are sides of a scalene triangle, then 

value of 

bac

acb

cba

 is negative 

Sol. 

bac

acb

cba

 

 C1 C1 + C2 + C3  

 = 

bacba

accba

cbcba







 

 = (a + b + c) 

ba1

ac1

cb1

 

 = (a + b + c) 

ba1

baac0

accb0





 

 = (a + b + c) {(a – b) (b – c) – (c – a)
2
} 

 Since a, b, c are positive and unequal 

  a + b + c  0 and a + b + c > 0 always  

 and (ab + bc + ca – a
2
 – b

2
 – c

2
) 

 = – (a
2
 + b

2
 + c

2
 – ab – bc – ca) 

 = – 
2

1
[(a – b)

2
 + (b – c)

2
 + (c – a)

2
] 

 Clearly negative. 
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EXERCISE # 2  

 

     Only single correct answer type 

questions 
Part-A 

 
 

Q.1 Solution of the system of equations  

a
2
x + ay + z = – a

3
, b

2
x + by + z = – b

3
,  

c
2
x + cy  + z = – c

3
 is-  

 (A) x = – (a + b + c), y = ab + bc + ca, z = – abc 

 (B) x = (a + b + c) , y = ab + bc + ca, z  = – abc 

 (C) x = –(a – b – c), y = ab + bc + ca, z  = – abc 

 (D) None of these 

Sol. [A]  

 z + ay + a
2
x + a

3
 = 0 

 z + by + b
2
x + b

3
 = 0 

 z + cy + c
2
x + c

3
 = 0 

  = 

1cc

1bb

1aa

2

2

2

= 

1cc

0cbcb

0baba

2

22

22





 

  = (a
2
 – b

2
) (b – c) – (a – b) (b

2
 – c

2
) 

 = (a – b) (b – c) {a + b – b –c} 

 = (a – b) (b – c) (a – c) = – (a – b) (b – c) (c – a) 

 x = 

1cc

1bb

1aa

3

3

3







= –  

1cc

1bb

1aa

3

3

3

 

  = (a – b) (b – c) (c – a) (a + b + c)  

 y = 

1cc

1bb

1aa

32

32

32







 = + 

1cc

1bb

1aa

23

23

23

 

             = – (a – b) (b – c) (c – a) (ab + bc + ca) 

 z = 
32

32

32

ccc

bbb

aaa







= –abc 
2

2

2

c1c

b1b

a1a

 

  = abc 
2

2

2

cc1

bb1

aa1

= abc (a – b) (b – c) (c – a) 

  x = 


x = 
)ac()cb()ba(

)cba()ac()cb()ba(




 

                       = – (a + b + c) 

       and y = 


 y
= 

)ac()cb()ba(

)cabcab()ac()cb()ba(




  

 = (ab + bc + ca) 

  

 z = 


 z  = 
)ac()cb()ba(

)ac()cb()ba(abc




= – abc 

 














abcz

)cabcab(y

)cba(–x

   

 

Q.2 The value of the determinant  

 

2r
n

1r
n

r
n

2r
1n

1r
1n

r
1n

1r
1n

r
1n

1r
1n

CCC

CCC

CCC















 is - 

 (A) 0 (B) 1 (C) –1 (D) None  

Sol. [A] 

 R1 R1 + R2 

 = 

2r
n

1r
n

r
n

2r
1n

1r
1n

r
1n

2r
n

1r
n

r
n

CCC

CCC

CCC











 

 Since R1 and R3 are identical 

  = 0  
 

Q.3 If 

x1xx

xx1x

xxx1

2

2

2







 

 = ax
5
 + bx

4
 + cx

3
 + dx

2
 + x +  be an identity 

in x, where a, b, c, d, ,  are independent of x. 

Then the value of  is  

 (A) 3 (B) 2 (C) 4 (D) None  

Sol. [A] 

 Applying C1  C1 + C2 + C3  

  = 

x1x)x1(

xx1)x1(

xx)x1(

2

22

22







 

  = (1 + x)
2

x1x1

xx11

xx1
2

2



   

 Differentiating both sides of the given equality 

w.r.t. x, we get 
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 2 (1 + x) 

x1x1

xx11

xx1
2

2



 + (1 + x)
2
 

           





















 1x1

x2x11

x2x1

x111

x11

x11
2

2

 

 = 5ax
4
 + 4bx

3
 + 3cx

2
 + 2dx +  

 Now putting x = 0 

 2

101

011

001

 + 

101

011

001

=  

  2(1) + 1(1) =  = 3 

 
 

Q.4 The system of equations 

  2x – y + z = 0 

  x – 2y + z = 0 

  x – y + 2z = 0 

 has infinite number of nontrivial solutions for - 

 (A)  = 1  (B)  = 5   

 (C)  = – 5  (D) no real value of 

Sol. [B] 

 

21

121

112







 = 0 

  2 (– 4 + 1) + 1(2 – ) + 1(–1 + 2) = 0 

  – 6 + 2 –  + 2– 1 = 0  – 5 = 0  = 

5 
 

Q.5 If a  b  c such that  

  
222

333

cba

cba

1c1b1a 

 = 0 then  

 (A) ab + bc + ca = 0 (B) a + b + c = 0  

 (C) abc = 1  (D) a + b + c = 1 

Sol. [C] 

  = 
222

333

cba

cba

cba

+ 
222 cba

cba

111 

 

 = abc 

cba

111

cba 222

– 1
222 cba

cba

111

 

 = (abc – 1) 
222 cba

cba

111

 

 = (abc –1) (a – b) (b – c) (c – a)  

 But a  b  c 

 So abc = 1, (a  b c) 
 

Q.6 
22

22

22

ba1a2b2

a2ba1ab2

b2ab2ba1







=  

  (A) (1 – a
2
 – b

2
)
3
 (B) (1 + a

2
 + b

2
)
3
 

 (C) (1 + a
2
 – b

2
)
3
  (D) None of these 

Sol. [B] 

 
22

22

22

ba1a2b2

a2ba1ab2

b2ab2ba1







 

 Apply C1 – bC3, C2 + aC3 and takeout (1 + a
2
 + 

b
2
) each common from both new C1 and C2. 

  = (1 + a
2
 + b

2
)

2
 

22 ba1ab

a210

b201





 

 Again apply R3 – bR1 

 = (1+ a
2
 + b

2
)
2
 

22 ba1a0

a210

b201





 

 = (1 + a
2
 + b

2
)
2
 (1 – a

2
 + b

2
 + 2a

2
) 

 = (1 + a
2
 + b

2
)
2
 (1 + a

2
 + b

2
) 

 = (1 + a
2
 + b

2
)
3 

 

Q.7 If  are the roots of x
3
 – 3x + 2 = 0, then 

the value of the determinant 







 is 

equal to   

 (A) –3  (B) 2  

 (C) 1  (D) none  

Sol. [D]  

   are roots of x
3
 –3x + 2 = 0 

  +  +  = 0 
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 Now 







 

 Applying C1  C1 + C2 + C3  

 







 = 







0

0

0

 = 0 

 

Q.8 The value of the determinant  

 

1)44()44(

1)33()33(

1)22()22(

2xx2xx

2xx2xx

2xx2xx













is equal to  

 (A) 0  (B) –9  

 (C) 24  (D) 1 

Sol. [A] 

 

1)44()44(

1)33()33(

1)22()22(

2xx2xx

2xx2xx

2xx2xx













 

 C1  C1 – C2 

 

1)44()44()44(

1)33()33()33(

1)22()22()22(

2xx2xx2xx

2xx2xx2xx

2xx2xx2xx













 

 

1)44(4

1)33(4

1)22(4

2xx

2xx

2xx













 

 = – 4

1)44(1

1)33(1

1)22(1

2xx

2xx

2xx













= 0 

 

     One or more than one correct 

answer type questions 
Part-B 

 
 

Q.9  If r = 

)1n(nznr2r4

)3n2(ny1r6

)1n(nxr2

33

22







, then the 

value of  



n

1r

r  is independent of - 

 (A) x  (B) y  

 (C) z  (D) n 

Sol. [A, B, C, D] 

 
r
=

)1n(nznr2r4

)3n2(ny1r6

)1n(nxr2

33

22







 

  



n

1r

r = 

)1n(nzrn2r4

)3n2(ny1r6

)1n(nxr2

3
n

1r

n

1r

3

2
n

1r

2
n

1r

n

1r







 





 





 

 = 

)1n(nz)1n(n

)3n2(ny)3n2(n

)1n(nx)1n(n

33

22







 = 0 

 



n

1r

r is independent of x, y, z, n. 

 

Q.10 Let (x) = 

dbxdxcx

1xcxbx

caxbxax







 and  

  
2

0

dx)x(  = – 16, where a, b, c, d are in A.P., 

then the common difference of the AP is - 

 (A) 1  (B) 2  

 (C) –2  (D) None  

Sol. [B, C]  

 Let D be the common difference of A.P, a, b, c, 

d then a – c = –2D, d – b = 2D, 2b = a + c,  

2c = b + d 

 Now apply R1 + R3 – 2R2 

 (x) = 

dbxdxcx

)1x(cxbx

200



  

 = 2 [(x + b) (x + d) – (x + c)
2
]  

 = 2[x (b + d –2c) + (bd – c
2
)] 

 = 2[0 + (a + D) (a + 3D) – (a +2D)
2
] 

 = –2 D
2
 

  
2

0

dx)x( = – 16 given 

  
2

0

2 dxD2 = [–2D
2
x]0

2
 = – 4D

2
 

  – 4D
2
 = –16  D

2
 = 4 D = ± 2 
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Q.11 Let x  – 1 and let a, b, c nonzero real numbers. 

Then the determinant  

 

)x1(cba

c)x1(ba

cb)x1(a







is divisible by - 

 (A) abcx  (B) (1 + x)
2
   

 (C) (1 + x)
3 
 (D) x(1 + x)

2 

Sol. [A, B, C]   

 

)x1(cba

c)x1(ba

cb)x1(a







 

  abc

x111

1x11

11x1







 

 C1  C1 – C2  & C2  C2 – C3  

  abc 

x1x0

1xx

10x



  

  abc x
2
  

x110

111

101



  

  abc x
2
 {(1 + x + 1) + 1} 

  abc x
2
 (3 + x) which is divisible by abc x &  

(1 + x),
2
 x(1 + x

2
) 

 

Q.12 Let {1, 2, 3, ......, k} be the set of third-

order determinants that can be made with the 

distinct nonzero real numbers a1, a2, a3, .... a9. 

then -  

 (A) k = 9 !  (B) 



k

1i

i 0   

 (C) at least one i = 0 (D) None of these 

Sol. [A, B] 

 The number of third order determinant is equal 

to the number of arrangements of nine different 

numbers in nine places = 9! 

 Corresponding to each determinant made, there 

is a determinant obtained by interchanging two 

consecutive rows (or columns), so, the sum of 

this pair will be zero. 

  the sum of all the determinants = 0 + 0 + 0 

….. to 
2

!9
times = 0 

  k = 9! and 



k

1i

i 0   

 

Q.13 System of equation  x + 3y + 2z = 6 

                x + y + 2z = 7 

                x + 3y + 2z =  has   

 (A) unique solution if  = 2,  6 

 (B) infinitely many solution if   = 4,  = 6 

 (C) no solution if  = 5,  = 7  

  (D) no solution if  = 3,  = 5 

Sol. [B, C, D]   

 x + 3y + 2z = 6 

 x + y + 2z = 7 

 x + 3y + 2z = 

 = 

231

21

231

 = 0 

  There is no unique solution. 

 1 = 

23

27

236



 = 

23

037

031







 

  = 2{(3 – ) – (3 –) (7 – )}  

  = 6 – 2 – (21 – 3 – 7 + ) 

 1 = 6 – 2 – 42 + 6 + 14 – 2

 1= 12 + 2 (3 – ) – 36 

 1 = 12( –3) + 2 (3 –) = 0 

  = 3,  = –6  

 

     Assertion-Reason type questions Part-C 
 

 

 The following questions consist of two 

statements each, printed as Assertion-1 and 

Reason-2. While answering these questions 

you are to choose any one of the following 

four responses.  
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 (A)  If both Assertion -1 and Reason-2 are 

true and the Reason-2 is correct 

explanation of the Assertion -1. 

 (B)  If both Assertion -1 and Reason-2 are 

true but Reason -2 is not correct 

explanation of the Assertion -1. 

 (C) If Assertion-1 is true but the Reason-2 is 

false. 

 (D) If Assertion -1 is false but Reason-2 is true. 
 

Q.14 Assertion: The system of equations possess a 

non trivial solution for the equations  

 x + xy + 3z = 0, 3x + xy – 2z = 0 

 & 2x + 3y – 4z = 0  

 then value of k is 
2

29
 

 Reason: for non trivial solution  = 0 

Sol. [D]  

 For non-trivial solution D = 0  

 

432

2k3

3k1



 = 0 

 Apply R2 – 3R1, R3 –2R1 

 = 

10k230

11k20

3k1



 = 0 

 or 20k + 11 (3 –2k) = 0 

 or 33 – 2k = 0 

  k = 33/2 
 

Q.15 Assertion: 

)sin()sin()sin(

)sin()sin()sin(

)cos()cos()cos(







is 

independent of   

 Reason: If f() = c, then f() is independent of . 

Sol. [B]  

  =

)sin()sin()sin(

)sin()sin()sin(

)cos()cos()cos(







 

 expanding with R3, we get 

  = sin( – ) [sin ( – )……..] 

 = –sin
2
 ( – ) 

 i.e. independent of . 
 

     Column Matching type questions Part-D 
 

 

Q.16 Column-I           Column-II 

  (A) Let |A| = |aij|3×3  0.   (P) 0 

    Each element aij is multiplied  

    by k
i–j

. Let |B| the resulting  

    Determinant, where  

    k1|A| + k2|B| = 0. Then  

    k1 + k2 =      

  (B) The maximum value of a third  (Q) 4 

    order determinant each of its  

    entries are ± 1 equals  

  (C) If

1coscos

cos1cos

coscos1







   (R) 1  

    = 

0coscos

cos0cos

coscos0







    

    then cos
2
 + cos

2
 + cos

2
 = 

  (D) 

1x21x23x2x

3x3x31x3x2

2x1xxx

2

2

2







  (S) 2 

    = Ax + B where A and B are  

    determinants of order 3. Then  

    A + 2B =   

Sol. A  P ; B  Q ; C  R ; D  P 

 (A) 

 |A| = |aij|3×3  0 

 Let |A| = 

333231

232221

131211

aaa

aaa

aaa

 

 |B| = 

33
0

32
1

31
2

23
1

22
0

21
1

13
2

12
1

11
0

a.ka.ka.k

a.ka.ka.k

a.ka.ka.k




 

 Multiply C2 & C3 by k & k
2
 respectively. 

 We get 

 |B| =
2k

k
.

k

k 2

333231

232221

131211

aaa

aaa

aaa

 |B| = |A| 

 Since k1 |A| + k2 |A| = 0 (given) 

  (k1 + k2) |A| = 0 
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  k1 + k2 = 0  |A|  0 (Given)  

(B)  

333

222

111

cba

cba

cba

 

 = a1   
2.Max

3232 )bccb( 
  

zero

32321 )bcca(b    

     
  

2.Max

32321 )abba(c   

 

111

111

111



  

 = 1 (1 + 1) –1 (1 –1) + 1(1 + 1) 

 = 2 – 0 + 2 

 = 4  

(C) On expanding, we get 

 1(1 – cos
2
) – cos  (cos – cos cos ) + cos  

{(cos  cos ) – cos )} = – cos  (–cos cos) 

+ cos  cos  cos  

  (1 –cos
2
) –cos

2
  + cos  cos  cos  + cos 

 cos  cos  – cos
2
 = cos  coscos + cos  cos  

cos  

  cos
2
  + cos

2
 + cos

2
 – 1 = 0 

  cos
2
  + cos

2
 + cos

2
  = 1 

(D) 

1x21x23x2x

3x3x31x3x2

2x1xxx

2

2

2







 

 Applying R1  R1 + R3 – R2, we get 

 

1x21x23x2x

3x3x31x3x2

004

2

2



  

 Applying C1  C1 – C3 & C2  C2 – C3 

 

1x204x

3x332x2

004

2

2



  

 = 4 (6x –3) 

 = 24x –12 

  A = 24, B = –12 

  A + 2B 

 = 24 – 24 = 0 
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EXERCISE # 3  

 
 

 
 

 

 
 

 
 

 

     Subjective Type Questions Part-A 
 

Q.1 Prove that   

abcabc

cba

cba
222

=(ab + bc+ ca) (a – b) (b – c) (c –a)  

Sol. Applying, C1  C1 – C2 and C2  C2 – C3, we 

get 

 = 

ababcacabc

ccbba

ccbba
22222







 

 = (a – b) (b – c) 

abac

ccbba

c11
2



  

 Now apply C1  C1 – C2   

 = (a – b) (b – c) 

abaca

ccbca

c10
2



  

 = (a – b) (b – c) (a – c) 

aba1

ccb1

c10
2



  

 = (a – b) (b – c) (a – c) 

aba1

abcacb0

c10
2



  

 = (a – b) (b – c) (a – c) . 1 {(c
2
 – ab – c (b + c + 

a)} 

 = (a – b) (b – c) (a – c) (c
2
 – ab – bc – c

2
 – ac) 

 = (a – b) (b – c) (a – c) (–ab –bc – ca) 

 = (a –b) (b – c) (c – a) (ab + bc + ca) 
 

Q.2 If a, b, c are all different and if  

 0

c1cc

b1bb

a1aa

32

32

32









 then prove that abc = – 1 

Sol. Since a, b, c all are different i.e. a  b  c 

32

32

32

c1cc

b1bb

a1aa







= 0 

 = 

1cc

1bb

1aa

2

2

2

 + 
32

32

32

ccc

bbb

aaa

= 0 

 = 

1cc

1bb

1aa

2

2

2

+ abc 
2

2

2

cc1

bb1

aa1

= 0 

 = 
222 cba

cba

111

+ abc 
222 cba

cba

111

= 0 

 = 
222 cba

cba

111

(1 + abc) = 0  

  (a – b) (b – c) (c – a) (1 + abc) = 0 

  a  b, b  c, c  a 

  1 + abc = 0  abc = –1 
 

Q.3 Prove that  

abcd2)ba(cd)dc(abcdab

)ba(cd)dc(ab)dc)(ba(2dcba

cdabdcba2







 = 0 

Sol.  =  12 

 = 

0cdab

0dcba

011

 . 

0abcd

0badc

011

  = 0  

 

Q.4 Prove that  

 .
c

1

b

1

a

1
1abc

c111

1b11

11a1

















 

Sol. 

c111

1b11

11a1







 

 Applying R1  R1 – R2 & R2  R2 – R3, we 

get 

 = 

c111

cb0

0ba







 

 = a (b (1 + c) + c) + b(c) 

 = a (b + bc + c) + bc 
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 = ab + abc + ac + bc 

 = ab + bc + ca + abc 

 = abc + ab + bc + ca 

 = abc (1 + 1/a + 1/b + 1/c) (Hence proved). 
 

Q.5 Find the value of k for which the following 

system of equations is consistent.  

 (k + 1)
3
x + (k + 2)

3
 y = (k + 3)

3
 

 (k + 1)x + (k + 2)y = k + 3 

 x + y = 1 

Sol. Given system of equation is 

 (k + 1)
3
x + (k + 2)

3
 y = (k + 3)

3
 

 (k + 1)x + (k + 2)y = k + 3 

 x + y = 1 

 The system of equations will be consistent if  

D = 0 

 

111

)3k()2k(1k

)3k()2k()1k( 333







= 0 

 cancel minus from third column 

 Now put u = (k + 1), v = (k + 2), w = (k + 3) 

 Then u – v = –1, v –w = –1 

 w – u = 2 and u + v + w = 3k + 6 …(i) 

 Also, D = 0 reduces to 

 

111

wvu

wvu 333



= 0 

 or (u – v) (v – w) (w – u) (u + v + w) = 0 

 or (–1) (–1) (2) (3k + 6) = 0 

 or (k + 2) = 0 or k = –2 

 k = –2 

     Passage based objective questions Part-B 
 

Passage I (Question 6 to 8) 

 Consider the determinant  = 

321

321

321

ddd

bbb

aaa

 

 Mij = Minor of the element of i
th

 row and j
th

 

column 

 Cij = Cofactor of the element of i
th

 row and j
th

 

column 

Q.6 Value of  b1. C31 + b2. C32 + b3. C33 is 

 (A) 0 (B)  (C)  2 (D) 
2
 

Sol. [A]    

 b1. C31 + b2. C32 + b3. C33 

 Since b1 belongs to first column and second 

row where C31, is cofactors of 3
rd

 row and first 

column. Similarly b2 belongs to second row 

and second column and C32 is cofactor of 3
rd

 

row and 2
nd

 column and b3 belongs second row 

and third column. 

 sum of these product will be zero. 

 i.e. b1. C31+ b2. C32 + b3. C33 = 0 

 

Q.7 If all the elements of the determinant are 

multiplied by 2, then the value of new 

determinant is  

 (A) 0 (B) 8 (C) 2 (D) 2
9
. 

Sol. [B]  

 Let  = 

321

321

321

ccc

bbb

aaa

 

 All elements are multiplied by two, then 

 New determinant  = 

321

321

321

c2c2c2

b2b2b2

a2a2a2

 

  = 2 × 2 × 2 

321

321

321

ccc

bbb

aaa

 

 = 8   
 

Q.8 a3 M13 – b3. M23 + d3 . M33 is equal to 

 (A) 0 (B) 4  (C) 2   (D)  

Sol. [D] a3 M13 – b3. M23 + d3 . M33 is 

 Since a3 belongs to first row and third column 

and M13 is the minor of 1
st
 row and 3

rd
 column  

element. Similarly we can say that 

 a3M13 – b3. M23 + d3. M33 = 
 

Passage II (Question 9 to 11) 

 Let x, y, z  R
+
 &  =  

1zzz

1yyy

1xxx

43

43

43







 

Q.9 If x  y  z & x, y, z are in GP and  = 0 then y 
is equal to -
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 (A) 1 (B) 2  (C) 4 (D) None  

Sol. [A] 
 

Q.10 If x, y, z are roots of t
3
 – 21t

2
 + bt – 343 = 0,  

b  R then  = 

 (A) 1   (B) 0  

 (C) depends on x, y, z (D) data inadequate 

Sol. [B] 
 

Q.11 If x, y, z are in A.P. and  = 0 then 2xy
2
z + x

2
z

2
 = 

 (A) 1 (B) 2  (C) 3 (D) None  

Sol. [C] 
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EXERCISE # 4 

 

     
 Old IIT-JEE questions   

 

Q.1 Let a , b , c be real no. with a
2
 + b

2
 + c

2
 = 1 

then show that 

 

cbyaxbcyacx

bcycbyaxaybx

acxaybxcbyax







 = 0  

 represent a straight line. [IIT- 2001] 

Sol. Applying C1  aC1 

 =
a

1

cbyaxbcyaacx

bcycbyaxyaabx

acxaybxacabyxa

2

2

2







 

 Applying C1  C1 + bC2 + cC3 

 =
a

1

cbyaxcyb)cba(

bcyaxcbyy)cba(

acxbxayx)cba(

222

222

222







 

  =
a

1

byaxccyb1

cybaxcbyy

acxbxayx







 

 As a
2
 + b

2
 + c

2
 = 1 

 C2  C2 – bC1 and C3  C3 –cC1 

 Then  = 
a

1

byaxcy1

baxcy

aayx



  

 = 
ax

1

byaxcy1

baxcy

axaxyx 2



  

 Applying R1  R1 + yR2 + R3 

  =
ax

1

byaxcy1

baxcy

001yx 22







 

 On expanding along R1 

  = 
ax

)1yx( 22 
ax (ax + by + c) 

 = (x
2
 + y

2
 + 1) (ax + by + c) 

 Given  = 0,  

  ax + by + c = 0 

 which represents a straight line. 

 

Q.2 The number of distinct real roots of 

 

xsinxcosxcos

xcosxsinxcos

xcosxcosxsin

= 0 in the interval  

 –
4


 x  

4


 is -             [IIT scr-  2001] 

 (A) 0     (B) 2 (C) 1    (D) 3  

Sol. [C] 

 To simplify the determinant let sin x = a,  

cos x = b then equation becomes 

 

abb

bab

bba

= 0  

 operating C2 – C1 & C3 – C2, we get 

 

ba0b

abbab

0aba







= 0 

  a(a – b)
2
 – (b – a) 

  [b(a – b) – b(b – a)] = 0 

  a(a – b)
2
 –2b (b – a) (a – b) = 0 

 (a – b)
2
 (a –2b) = 0 

  (a = b) or a = 2b 

  
b

a
= 1 or 

b

a
= 2  

  tan x = 1 or tan x = 2 

 But – 
4


x  

4


 

 tan 






 


4
 tan x tan 







 

4
 

  –1  tan x  1  

  tan x = 1  x =
4


 

  only one real root is there, 

 Hence (C) option is correct. 
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Q.3 Let  = – 
2

3
i

2

1
 . Then the value of the 

determinant 
42

22

1

11

111



 is- [IIT 2002S] 

 (A) 3  (B) 3( –1)  

 (C) 32  (D) 3(1 – ) 

Sol. [B]  

 Given that  = – 
2

1
+ i

2

3
 

  
2
 = –

2

1
– i

2

3
 

 Also 1 +  + 
 2
 = 0 and 

3
 = 1 

 Now given determinant is  

  = 
42

22

1

11

111



  

 = 




2

2

1

1

111

  

  (  = –1 – 
2
 and 

3
 = 1) 

 Applying C1 C1 + C2 + C3 

  = 




22

22

1

1

113

 

 = 




2

2

0

0

113

 ( 1 +  + 
2
 = 0) 

 Expanding along C1, we get 

 3 (
2
 –

4
) 3(

2
 –) 

 = 3 ( –1)    

 

Q.4 The number of values of k for which the system 

of equations (k + 1) x + 8y = 4k;  

 kx + (k +3)y = 3k –1 has infinitely many 

solutions is-  [IIT 2002S] 

 (A) 0 (B) 1 (C) 2 (D) infinite 

Sol. [B] 

 For infinitely many solutions the two equations 

become identical 

  
k

1k 
 = 

3k

8


= 

1k3

k4


 

  k = 1 

  one value of k.  
  

Q.5 If x + ay = 0 ; y + az = 0 ; z + ax = 0, then 

value of ‘a’ for which system of equations will 

have infinite number of solutions is 

                 [IIT scr- 2003] 

 (A) a =1  (B) a = 0   

 (C) a = –1  (D) no value of a 

Sol. [C] 

 The given system is, 

 x + ay = 0 

 az + y = 0 

 ax + z = 0 

 it is system of homogeneous equations, therefore 

it will have infinite many solution, if determinant 

of coefficient matrix is zero, 

 i.e. 

10a

a10

0a1

= 0 

  1(1 – 0) – a (0 – a
2
) = 0 

  1 + a
3
 = 0 

  a
3
 = –1 

  a = –1 
 

Q.6 If the system of equations 

 2x – y – 2z = 2 

 x – 2y + z = – 4 

 x + y + z = 4 

 has no solutions then  is equal to-[IIT scr- 2004] 

 (A) – 2  (B) 3  

 (C) 0  (D) – 3 

Sol. [D]  

 Since the system has no solution 

 







11

121

412

= 0 

  2(–2 + 1) + 1 ( + 1) – 4 (3) = 0 

  – 4 + 2 +  + 1 – 12 = 0 

  –3 = 9 

  = –3 

 

Q.7 Consider the system of equations 

  x – 2y + 3z = –1 

  –x + y – 2z = k 
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  x – 3y + 4z = 1 

 Assertion: The system of equations has no 

solution for k  3 and 

 Reason : The determinant 

 

141

k21

131





 0, for k  3    [IIT 2008] 

 (A)  If both Assertion and Reason are true  and 

 the Reason is correct explanation  of  the 

 Assertion. 

 (B)  If both Assertion and Reason are true  but 

 Reason is not correct explanation of  the 

 Assertion. 

 (C) If Assertion is true but the Reason is 

 false. 

 (D) If Assertion is false but Reason is true 

Sol.  [A] 

since = 

431

211

321







 = 0 

 for having either x  0 or y  0 or z  0 no 

solution  

 x = 

431

21k

321







 

 3 – k  0 k  3  

 Now again 

 

141

k21

131





  0 k  3 

 

Q.8 The number of all possible values of , where  

0 <  < , for which the system of equations  

 (y + z) cos 3  = (xyz) sin 3 

 x sin 3 = 
z

3sin2

y

3cos2 



  

 (xyz) sin3 = (y + 2z) cos 3 + y sin 3) 

 have a solution (x0, y0, z0) with y0z0   0, is  

     [IIT- 2010] 

Sol. [3] 

(xyz) sin 3 + y (– cos 3) + z (– cos 3) = 0 

 (xyz) sin 3 + y (–2 sin 3) + z (–2 cos 3) = 0 

 (xyz) sin 3 + y (– cos 3sin 3) + z (– 2cos 

3) = 0 

 For y0z0  0  Nontrivial solution 

 







3cos23sin3cos3sin

3cos23sin23sin

3cos3cos3sin

 = 0 

 sin 3 cos3 

23sin3cos1

23sin21

13cos1







 = 0 

 sin3 cos3 [(4sin 3 – 2 cos 3 – 2sin 3) – 

(2cos 3 – cos 3 – sin 3) + 2 cos 3 – 2 sin 3] = 0 

  (sin3 cos3 [2 sin3 – 2cos 3 – cos 3 + sin 

3 + 2cos 3 – 2sin 3] = 0 

  (sin3 cos3 (sin3 – cos 3= 0



 

sin0  = 
3


, 

3

2
 

cos0  = 
6


, 

2


, 

6

5
, 

6

7
 

  

               These two donot satisfy system of equations 

 sincos 3
4


, 

4

5
, 

4

9
 

      = 
12


, 

12

5
, 

4

3
=  3 

 No. of solutions = 3  
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 EXERCISE # 5  
 

Q.1 If fr (x), gr (x), hr (x), r = 1, 2, 3 are polynomials in 

x such that fr (a) = gr (a) = hr (a), r = 1, 2, 3 and  

F(x) = 

)x(h)x(h)x(h

)x(g)x(g)x(g

)x(f)x(f)x(f

321

321

321

 then  

 F(x) at x = a is ..........  [IIT - 85] 

Sol. F(x) = 

)x(h)x(h)x(h

)x(g)x(g)x(g

)x(f)x(f)x(f

321

321

321

 

  F(x) = 

)x(h)x(h)x(h

)x(g)x(g)x(g

)x(f)x(f)x(f

321

321

'
3

'
2

'
1

+  

  

)x(h)x(h)x(h

)x(g)x(g)x(g

)x(f)x(f)x(f

321

'
3

'
2

'
1

321

 

  + 

)x(h)x(h)x(h

)x(g)x(g)x(g

)x(f)x(f)x(f

'
3

'
2

'
1

321

321

 

  F(a) = 

)a(h)a(h)a(h

)a(g)a(g)a(g

)a(f)a(f)a(f

321

321

'
3

'
2

'
1

+ 

  

)a(h)a(h)a(h

)a(g)a(g)a(g

)a(f)a(f)a(f

321

'
3

'
2

'
1

321

 

  + 

)a(h)a(h)a(h

)a(g)a(g)a(g

)a(f)a(f)a(f

'
3

'
2

'
1

321

321

 

  fr (a) = gr(a) = hr(a), r = 1, 2, 3 

  F(a) = 0 

 

Q.2 Consider the system of linear equation in x, y, z  

 (sin 3) x – y + z = 0 

 (cos 2) x + 4y + 3z = 0 

 2x + 7y + 7z = 0 

 Find the values of  for which this system has 

non-trivial solution           [IIT - 86] 

Sol. The system will have a non trivial solution if 

 

772

342cos

113sin





= 0 

 Expanding along C1, we get 

  (28 –21) sin 3 – (–7–7) cos2+ 2 (–3–4) = 0 

  7 sin 3 + 14 cos 2–14 = 0 

  sin 3 + 2 cos 2–2 = 0 

  3 sin  – 4 sin
3
  + 2 (1 –2 sin

2
 ) – 2 = 0 

  4 sin
3
  + 4 sin

2
  – 3 sin  = 0 

  sin  (2 sin  –1) (2 sin  + 3) = 0 

  sin  = 0 or sin  = 
2

1
 

  (sin  = –
2

3
 not possible) 

  = n or n+ (–1)
n

6


, nZ 

 

Q.3 Let  

 f(x) = 

xcosxcos1

xeccosxcosxcos

xeccosxcotxsecxcosxsec

22

222

2 

 

 then prove that  















2/

0
15

8

4
dx)x(f     

     [IIT - 87] 

Sol. f(x) = 

xcosxcos1

xeccosxcosxcos

xeccosxcotxsecxcosxsec

22

222

2 

 

 Operating R1  sec x R3, we get 

 

xcosxcos1

xeccosxcosxcos

xcosxeccosxcotxsec00

22

222

2 

 

 Expanding along R1, we get 

 = (sec
2
x + cot x cosec x – cos x) (cos

4
x – cos

2
x) 

 = 







 xcos

xsin

xcos

xcos

1
22

cos
2
 (cos

2
 x –1) 

 = – 










 

xsinxcos

xsinxcosxcosxsin
22

2332

cos
2
x sin

2
x 
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 = – sin
2
x – cos

3
x

 
(1– sin

2
x) = – sin

2
x – cos

5
x 

  
 2/

0

dx)x(f  = – 




2/

0

52 dx)xcosx(sin  

 = – 











3

2
.

5

4

2
.

2

1
 = – 












15

8

4
 

 Use 

  
 



2/

0

2/

0

nn dxxcosdxxsin  

 = 
2).......2n()n(

1or2)......3n()1n(




 

 And multiply above by /2 when n is even. 
 

Q.4 The value of the determinant 

abcc1

cabb1

bcaa1

2

2

2







 

 is……..    [IIT - 88] 

Sol. 
2

2

2

cc1

bb1

aa1

–

abc1

cab1

bca1

 

 = (a – b) (b – c) (c – a) – (a – b) (b – c) (c – a) 

 = 0 
 

 

Q.5 The value of  lying between  = 0 and  = /2 

and satisfying the equation      [IIT - 88] 

 







4sin41cossin

4sin4cos1sin

4sin4cossin1

22

22

22

= 0 are - 

 (A) 
24

7
  (B)

24

5
  (C) 

24

11
  (D) 

24


  

Sol. [A, C]  

 







4sin41cossin

4sin4cos1sin

4sin4cossin1

22

22

22

 

 Apply R3 – R2 & R2 – R1 

 

110

011

4sin4cossin1 22







 = 0 

 Apply C1 + C2, we get 

 

111

010

4sin4cos2 2





= 0 

  2 + 4 sin 4 = 0 

  sin 4 = – 
2

1
= sin 







 


6
 

  4 = n + (–1)
n








 


6
 

  = [6n –(–1)
n
]

24


 

  for n = 1, 2 

  = 
24

7
 and 

24

11
  







 

2
,0   

Q.6 Let a = 

n3n3n3)1a(

2n4n2)1a(

6n)1a(

233

22







 show that  




n

1a

a = c, a constant.  [IIT - 89] 

Sol. 
a
 = 

n3n3n3)1a(

2n4n2)1a(

6n)1a(

233

22







 

 Then 



n

1a

a = 

n3n3n3)11(

2n4n2)11(

6n)11(

233

22







+  

 

n3n3n3)12(

2n4n2)12(

6n)12(

233

22







 + … 

 …+ 

n3n3n3)1n(

2n4n2)1n(

6n)1n(

233

22







 

            = 

n3n3n3)1n(.....321

2n4n2)1n(......321

6n)1n(.....321

233333

22222
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 = 

n3n3n3
2

)1n(n

2n4n2
6

)1n2()1n(n

6n
2

)1n(n

23
2

2








 






 

 = 
12

)1n(n 2 

)1n(n3n3)1n(n3

)1n2(2n2)1n2(2

616

2 

  

 = 0 [ C1 and C3 are identical] 

 

Q.7 Let the three digit numbers A28, 3B9, 62C 

where A, B and C are integers between 0 and 9, 

be divisible by a fixed integer k. Show that the 

determinant  

2B2

C98

63A

is divisible by k.  

           [IIT - 90] 

Sol. Given that A, B, C are integers between 0 and 9 

and the three digit numbers A 28, 3B9 and 62C 

are divisible by a fixed integer k. 

 Now, D = 

2B2

C98

63A

 

 Applying R2  R2 + 10R3 + 100R1, we get 

 = 

2B2

C629B328A

63A

 

 = 

2B2

knknkn

63A

321  

 As A28, 3B9 and 62C are divisible by k. 

  A28 = kn1 

 3B9 = kn2 

 62C = kn3 

 = k 

2B2

nnn

63A

321  

 = kx. Some integral value 

  D is divisible by k. 

 

Q.8 If a  p, b  q, c  r and 

rba

cqa

cbp

= 0, then 

find the value of  
cr

r

bq

q

ap

p








 

          [IIT - 91] 

Sol. Given 

rba

cqa

cbp

= 0 

 Apply R1  R2 and R2 – R3, we get 

 

rba

rcbq0

0)bq(ap





 = 0 

 Taking (p – a), (q – b) and (r– c) common from 

C1, C2 and C3 respectively, we get 

 (p – a) (q – b) (r – c) 

cr

r

bq

b

ap

a
110

011







= 0 

 Expanding along R1, 

  (p – a) (q – b) (r – c) 

  

























 ap

a

bq

b

cr

r
1 = 0 

  p  a, q  b, r  c therefore 

 
cr

r


+ 

bq

b


+ 

ap

a


= 0 

 
cr

r


+

bq

)bq(q




+ 

ap

)ap(p




= 0 

  
cr

r


+ 

bq

q


–1 + 

ap

p


– 1 = 0 

  
ap

p


+ 

bq

q


+

cr

r


= 2 

 

Q.9 For a fixed positive integer n, if  

 D = 

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

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

)!2n()!1n(!n







  

 then show that  [(D / (n !)
3
] – 4] is divisible by n. 

            [IIT - 92] 
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Sol. Given that, 

 D = 

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

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

)!2n()!1n(!n







 

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

)3n()4n(3n1

)2n()3n(2n1

)1n()2n(1n1







 

 Apply R2 – R1 and R3 – R1, we get 

 = (n!)
3
 (n +1)

2
 (n +2)  

  

6n210

4n210

2n3n1n1 2







 

 Apply R3 – R2, 

 (n!)
3
 (n +1)

2
 (n +2) 

200

4n210

2n3n1n1 2





 

 = (n!)
3
 (n +1)

2
 (n +2) 1(2) 

 
3)!n(

D
 = 2(n + 1)

2
 (n + 2)  

  
3)!n(

D
– 4 = 2(n

3
 + 4n

2
 + 5n + 2) –4 

 = 2(n
3
 + 4n

2
 + 5n) = 2n(n

2
 + 4n + 5) 

  
3)!n(

D
– 4  is divisible by n. 

 

Q.10 Let  and  be real. Find the set of all values of 

 for which the system of linear equations  

 x + (sin ) y + (cos ) z = 0 ; x + (cos ) y + 

(sin ) z = 0 ; x + (sin ) y – (cos ) z = 0 

 has a non - trivial solution. For  = 1, find all 

values of .         [IIT - 93] 

Sol. Given that, , R and system of linear 

equations 

 x + (sin ) y + (cos ) z = 0 

 x + (cos ) y + (sin )z = 0 

 –x + (sin )y – (cos )z = 0 

 Has a non-trivial solution  D = 0 

  







cossin1

sincos1

cossin

= 0 

  (– cos
2
  – sin

2
) – sin  (– cos  + sin ) + 

cos  (sin + cos ) = 0 

  – + sin  cos  – sin
2
 + sin  cos  + cos

2
 = 0 

  = cos
2
  – sin

2
  + 2 sin  cos  

  = cos 2 + sin 2 

 For = 1 

 cos 2 + sin 2 = 1 

  
2

1
cos 2 +

2

1
sin 2 =

2

1
 

  cos 2 cos 
4


+ sin2sin 

4


=

2

1
 

  cos 






 


4
2 = cos 

4


 

  2 –
4


= 2n ±

4


 

  2 = 2n ±
4


 + 

4


 

  = n + 
4


 or n 

 

Q.11 For positive numbers x, y and z, the numerical 

value of the determinant 

  

1ylogxlog

zlog1xlog

zlogylog1

zz

yy

xx

 is………    [IIT - 93] 

Sol. 

1ylogxlog

zlog1xlog

zlogylog1

zz

yy

xx

 

 = 

1
zlog

ylog

zlog

xlog

ylog

zlog
1

ylog

xlog

xlog

zlog

xlog

ylog
1

 

 Taking 
xlog

1
, 

ylog

1
, 

zlog

1
 common from R1, 

R2, R3 respectively 

 = 
zlogylogxlog

1
 

zlogylogxlog

zlogylogxlog

zlogylogxlog

 = 0 
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Q.12 If 

1yx

1yx

1yx

33

22

11

=

1ba

1ba

1ba

33

22

11

then the two 

triangles with vertices (x1, y1) (x2. y2), (x3, y3) and 

(a1,b1), (a2, b2), (a3, b3) must be congruent.  [T/F]     

          [IIT - 95] 

Sol. 

1yx

1yx

1yx

33

22

11

=

1ba

1ba

1ba

33

22

11

     

  
2

1

1yx

1yx

1yx

33

22

11

=
2

1

1ba

1ba

1ba

33

22

11

 

  Area of 1 = Area of 2 

 But two 's of same area may not be congruent. 

  Given statement is false. 

 

Q.13 If  (1) is a cube root of unity, then  

11ii

11i1

i11
2

22







equals       [IIT - 95] 

 (A) 0  (B) 1  

 (C) i  (D)   

Sol. [A]  

 R1  R1 – R2 + R3 

 

11i1

11i1

010
2

2







 

 = 

11i1

11i1

000
2



   

 = 0 

 

Q.14 Let a, b, c be the real numbers. Then following 

system of equations in x, y and z 

1
c

z

b

y

a

x
2

2

2

2

2

2

 , 1
c

z

b

y

a

x
2

2

2

2

2

2

 , 

 1
c

z

b

y

a

x
2

2

2

2

2

2

  has                      [IIT - 95] 

 (A) no solution  

 (B) unique solution 

 (C) infinitely many solutions 

 (D) finitely many solutions 

Sol. [B]   

 Let 
2

2

a

x
= X, 

2

2

b

y
= Y and 

2

2

c

z
= Z 

 Then given system of equation is 

 X + Y – Z = 1 

 X – Y + Z = 1 

 –X + Y + Z = 1  

 Coefficient matrix A is given by 

 























111

111

111

 

 |A| = 1 (–1 –1) –1 (1 + 1) – 1 (1 – 1) = – 4  0 

  Given system of equation has a unique 

solution. 
 

Q.15 Let a > 0, d > 0. Find the value of the 

determinant        [IIT - 96] 

 

)d4a()d3a(

1

)d3a()d2a(

1

d2a

1

)d3a()d2a(

1

)d2a()da(

1

da

1

)d2a()da(

1

)da(a

1

a

1







 

Sol. Let us denote the given determinant by  and 

taking 
)d2a()da(a

1


as common from R1 and 

)d3a()d2a)(da(

1


from R2 and 

)d4a()d3a()d2a(

1


from R3, we get 

  = 
)d4a()d3a()d2a()da(a

1
232 

1  

 where 1 = 

d2ad4a)d4a()d3a(

dad3a)d3a()d2a(

ad2a)d2a()da(







 

 Applying R3  R3 –R2 and R2  R2 –R1,  

we get  

 1 = 

dd)d2()d3a(

dd)d2()d2a(

ad2a)d2a()da(
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 Applying R3  R3 – R2, we get  

 1 = 

00d2

dd)d2()d2a(

ad2a)d2a()da(

2





 

 Expanding along R3, we get 

 1 = (2d
2
)

dd

ad2a 
=(2d

2
)(d)(a + 2d –a)= 4d

4
 

 = 
)d4a()d3a()d2a()da(a

d4
232

4


 

 

Q.16 Find the value of the determinant 

111

rqp

abcabc

 where a, b and c are respectively 

the p
th
, q

th
 and r

th
 terms of a harmonic 

progression.                                     [IIT - 97] 

Sol. Given that a, b, c are p
th

, q
th

 and r
th

 terms of a H.P.  

  
a

1
, 

b

1
, 

c

1
 are p

th
, q

th
, r

th
 terms of an A.P. 

 





















D)1r(A
c

1

D)1q(A
b

1

D)1p(A
a

1

  … (1) 

 Now given determinant is 

  = 

111

rqp

abcabc

= abc 

111

rqp

c/1b/1a/1

 

 Substituting the values of
a

1
, 

b

1
, 

c

1
 from (1), we 

get 

  = abc 

111

rqp

D)1r(AD)1q(AD)1p(A 

 

 Apply R1  R1 – (A – D) R3 – DR2, we get 

  = abc 

111

rqp

000

= 0 

  = 0  
 

Q.17 The determinant 

zypyxp0

zyzyp

yxyxp







= 0 if  

                      [IIT - 97C] 

 (A) x, y, z are in A.P.  

 (B) x, y, z are in G.P. 

 (C) x, y, z are in H.P.  

 (D) xy, yz, zx are in A.P. 

Sol. [B]  

 

zypyxp0

zyzyp

yxyxp







= 0 

 operating C1 – pC2 – C3, we get  

  

zypyxp)zpy2xp(

zy0

yx0

2 

 = 0 

  (xz – y
2
) (xp

2
 + 2py + z) = 0  

  xz – y
2
 = 0 

  y
2
 = xz 

  x, y, z are in G.P. 

Q.18 Let f(x) = 
32

3

ppp

016

xcosxsinx

 where p is a 

constant. Then 
3

3

dx

d
 [f(x)] at x = 0 is-    [IIT - 97] 

 (A) p  (B) p + p
2 

 (C) p + p
3
  (D) independent of p 

Sol. [D]  

 We are given f(x) =
32

3

ppp

016

xcosxsinx

  where p 

is constant. Now keeping in mind that 

 
dx

d

)x(h)x(h)x(h

)x(g)x(g)x(g

)x(f)x(f)x(f

321

321

321

=

)x(h)x(h)x(h

)x(g)x(g)x(g

)x(f)x(f)x(f

321

321

'
3

'
2

'
1

+ 

)x(h)x(h)x(h

)x(g)x(g)x(g

)x(f)x(f)x(f

321

'
3

'
2

'
1

321

+

)x(h)x(h)x(h

)x(g)x(g)x(g

)x(f)x(f)x(f

'
3

'
2

'
1

321

321
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 We get f (x) =

32

2

ppp

016

xsinxcosx3





 

 f (x) = 
32 ppp

016

xcosxsinx6





 

 f (x) = 
32 ppp

016

xsinxcos6





  

 f (0) = 
32 ppp

016

016





= 0  ( R1  R2) 

 = Independent of p. 
 

Q.19 The parameter on which the value of the 

determinant  

x)dpsin(pxsinx)dpsin(

x)dpcos(pxcosx)dpcos(

aa1 2



 does not 

depend upon is -                       [IIT - 97] 

 (A) a (B) p (C) d (D) x 

Sol. [B] 

 = 

x)dpsin(pxsinx)dpsin(

x)dpcos(pxcosx)dpcos(

aa1 2



  

 Applying C1  C1 + C2 

 = 

x)dp(sinpxsinx)dpsin(x)dpsin(

x)dp(cospxcosx)dp(cosx)dpcos(

aaa1 22







 

 = 

x)dp(sinpxsindxcospxsin2

x)dp(cospxcosdxcospxcos2

aaa1 22







 

 Applying C1  C1 –2 cos dx C2   

 = 

x)dp(sinpxsin0

x)dp(cospxcos0

aadxcosa2a1 22







 

 expanding along C1, we get   

  = (1 + a
2
 –2a cos dx)  

 [sin (p + d) x cos px – sin px cos (p + d) x] 

  = (1 + a
2
 –2a cos dx) [sin{ (p + d) x – px}] 

  = (1 + a
2
 –2a cos dx) [sin dx] 

 Which is independent of p.   
 

Q.20 Suppose f(x) is function satisfying the 

following conditions        

 (a) f(0) = 2. f(1) = 1  

 (b) f has minimum value at x = 5/2 and   

 (c) for all x  

 f '(x) =

bax21b2ax2)bax(2

11bb

1bax21ax2ax2







 

 where a, b are some constants. Determine the 

constants a, b and the function f(x).     [IIT - 98] 

Sol. Applying R3  R3 – R1 – 2R2, we get 

 f (x) = 

100

11bb

1bax2aax2ax2





 

 = 
1bb

1ax2ax2




 

 = 
1b

1ax2 
   [C2  C2 – C1]  

  f (x) = 2ax + b 

 Integrating, we get, f(x) = ax
2
 + bx + c 

 Where c is an arbitrary constant since f has 

maximum at x = 5/2 

 f  (5/2) = 0  5a + b = 0 … (i) 

 Also f(0) = 2  c = 2 and f(1) = 1 

  a + b + c = 1 

 a + b = –1  …(ii) 

 From (i) and (ii) we get a = 
4

1
, b = – 

4

5
 

 Thus, f(x) = 
4

x 2

– 
4

x5
+ 2 

 

Q.21 Let a, b, c, d be real numbers in G.P. If u , v , w 

satisfy the system of equations, u + 2v + 3w = 6 ;  

4u + 5v + 6w = 12 ; 6u + 9v = 4,then show that 

the roots of the equation 









w

1

v

1

u

1
 x

2
 +  

[(b – c)
2
 + (c – a)

2
+ (d – b)

2
]x + u + v + w = 0 

and 20x
2
 + 10 (a – d)

2
 x – 9 = 0 are reciprocals 

of each other.      [IIT - 99] 

Sol. System of equations is 

 u + 2v + 3w = 6 
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 4u + 5v + 6w = 12 

 6u + 9v = 4 

 On solving the above system of equations, we get 

 u = –
3

1
, v = 

3

2
, w =

3

5
 

  u + v + w = 2, 
u

1
+ 

v

1
+ 

w

1
= –

10

9
 

 Let r be the common ratio of the G.P. a, b, c, d. 

Then b = ar, c = ar
2
, d = ar

3
 

 Then the first equation 

 









w

1

v

1

u

1
x

2
 + [(b – c)

2
 + (c – a)

2
 + (a – b

2
)] x + 

(u + v + w) = 0 

 Becomes  

       
10

9
x

2
 + [(ar – ar

2
)

2
 + (ar

2
 –a)

2
 + (ar

3
 – ar)

2
] x + 2 = 0 

    i.e 9x
2
 –10a

2
(1 – r)

2
 [r

2
 + (r +1)

2
+ r

2
 (r + 1)

2
]x – 20 = 0 

    i.e.9x
2
 – 10a

2
(1 – r)

2
 (r

4
 +2r

3
 + 3r

2
+2r +1)x – 20 = 0 

  9x
2
 – 10a

2
 (1 – r

3
)

2
 x – 20 = 0 …(i) 

       The second equation is, 20x
2
 + 10 (a – ar

3
)

2
 x – 9 = 0 

        i.e. 20x
2
 + 10a

2
( 1 –r

3
)

2
 x – 9 = 0  ….(ii) 

 Since (ii) can be obtained by the substitution  

x  
x

1
  

 Equation (i) and (ii) have reciprocal roots. 
 

Q.22 If f(x) = 

)1x(x)1x()2x)(1x(x)1x(x3

x)1x()1x(xx2

1xx1







, 

  then f(100) is equal to -     [IIT - 99] 

 (A) 0  (B) 1  

 (C) 100  (D) – 100 
 

Sol. [A]  

 f(x) = 

)1x(x)1x()2x)(1x(x)1x(x3

x)1x()1x(xx2

1xx1







 

 Apply R2  R2 –xR1 and R3  R3 – (x –1) R2 

 = 

0)1x(x)2x)(1x(x)1x(x

0x)1x(x2

1xx1

2

2







 

  f(x) = x (x –1) 

011

011

1xx1







= 0 

 f(100) = 0 

 

Q.23 Prove that for all values of  ;  [IIT - 2000] 

      

)3/42sin()3/2cos()3/2sin(

)3/42sin()3/2cos()3/2sin(

2sincossin







= 0 

Sol. Applying R2  R2 + R3, we get 

 








 








 








 













3

4
2sin

3

2
cos

3

2
sin

3

4
cos2sin2

3

2
cossin2

3

2
cossin2

2sincossin

 

 Now, 2 sin  cos
3

2
= 2 sin  cos 







 


3
 

  = –2 sin cos
3


 = –sin   

 2 cos  cos
3

2
= 2cos  







 

2

1
= – cos  

 2 sin 2 cos
3

4
= 2 sin 2 cos 







 


3
 

  = 2 sin 2 cos
3


 

  = –sin 2 

 = 








 








 








 






3

4
2sin

3

2
sin

3

2
sin

2sincossin

2sincossin

 

 = 0 

  ( R1 = – R2)  proved. 
 

Q.24 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-     [IIT 2000] 

 (A) –1, 2  (B) 1, 2  

 (C) 0, 1  (D) –1, 1 

Sol. [D]  
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 For the given homogeneous system to have non- 

zero solution, determinant of coefficient matrix 

should be zero, i.e. 

111

11k

1k1







= 0 

 = 1 (1 + 1) + k (–k + 1) –1 (k + 1) = 0 

  2 – k
2
 + k – k – 1 = 0 

  k
2
 = 1 

  k = ± 1 
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ANSWER KEY  
 

 

EXERCISE # 1 

Q.No. 1 2 3 4 5 6 7 8 9 10

Ans. B B C A D A A D A A  
 

 

 11. True 
  

EXERCISE # 2 

(PART-A) 

Q.No. 1 2 3 4 5 6 7 8

Ans. A A A B C B D A
 

(PART-B) 

Q.No. 9 10 11 12 13

Ans. A,B,C,D B,C A A,B B,C,D
 

 

(PART-C) 

14.  D  15.  B 

(PART-D) 

16.  A   P;  B  Q;  C  R; D  P 
 

EXERCISE # 3 

5.  k = – 2     6.  A   7. B    8. D   9. A  10.  B  11.  C

 

 

 

EXERCISE # 4 

1. 1   2. C  3. B  4. B        5. C         6. D  7. A  8. 3 

EXERCISE # 5 

1. 0 2.  = m, or  = n + (–1)
n
 

6


 m, n  I   4. 0  5. A,C   8. 2    

10.  = 2  sin (2 = /4);  = /8, 7/8, 9/8   11. 0  12. False 13. A 

14. D 15. 
)d4a()d3a()d2a()da(a

d4
232

4


s  16. zero  17. B  18. D  
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19. B 20. )8x5x(
4

1
)x(f;

4

5
b,

4

1
a 2    22. A  24. D 


