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SECTION 1 (Maximum Marks: 12) 

1. Let  denote the set of all real numbers. Let 
i i

a ,b  for i {1, 2,3} . 

 Define the functions f : , g : ,  and h :  by 

 
2 3 4

1 2 3
f (x) a 10x a x a x x  

 
2 3 4

1 2 3
g(x) b 3x b x b x x ,  

 h(x)=f(x+1)-g(x+2) .  

 If f(x)  g(x) for every x , then the coefficient of x3 in h(x) is 

 (A)  8 (B) 2  (C) – 4 (D) – 6 

Sol. C 

 h(x)=f(x+1)-g(x+2)  

 now 
2 3

1 2 3
h(x) a 10(x 1) a (x 1) a (x 1)  

 
4 2 3 4

1 2 3
(x 1) b 3(x 2) b (x 2) b (x 2) (x 2)  

 coeff of x3 in 3 3
h(x) a 4 b 8  

 
3 3

c a b 4  

 Now f (x) g(x) x R  

 
2 3

1 1 2 2 3 3
a b (10 3)x a b x a b x 0 x R  

 
2 3

1 1 2 2 3 3
a b 7x a b x a b x 0  has no solution 

 
3 3

a b 0  

 
3 3

c a b 4  = 0 – 4 = – 4 

 

2. Three students 
1 2

S ,S , and 
3

S  are given a problem to solve. Consider the following events: 

 U : At least one of 
1 2

S ,S , and 
3

S  can solve the problem, 

 
1

V : S  can solve the problem, given that neither S2 nor S3 can solve the problem, 

 
2

W :S  can solve the problem and 
3

S  cannot solve the problem, 

 
3

T :S  can solve the problem. 

 For any event E, let P(E) denote the probability of E. If 

 
1

P(U) ,
2

1
P(V)

10
and 

1
P(W)

12
 

 Then P(T) is equal to 

 (A) 
13

36
 (B) 

1

3
 (C) 

19

60
 (D) 

1

4
 

Sol. C 

1 2 3
U 1 P S S S  

 
1 2 3

V P S S S  

 
2 3

W P S S  

 3
T P S  

 Let 1
P S x  

 2
P S y  



 

Motion Education | 394-Rajeev Gandhi Nagar | : 1800-212-1799 | url : www.motion.ac.in | Page No. # 3 

 
3

P S z  

 Now 
1

P(U) 1 (1 x)(1 y)(1 z)
2

 

 
1

(1-x)(1-y)(1-z)=
2

 … (1) 

 
1

P(V) x(1 y)(1 z)
10

 … (2) 

 
1

P(W) y(1 z)
12

 … (3) 

 By equation (1) and (3) 
1 x 1

5 x
x 6

 

 By equation (2) and (3) 
1 y 6 5

x y
y 5 41

 

 Now from (3) 

 
1 41

1 z
12 5

 

 
41 19

z 1
60 60

 

 

3. Let denote the set of all real numbers. Define the function f :  by  

 

2 2 1
2 2x x sin  if x 0

f (x) x

2  if x 0

 

 Then which one of the following statements is TRUE?  

 (A) The function f is NOT differentiable at x = 0 

 (B) There is a positive real number , such that f is a decreasing function on the interval (0, )   

 (C) For any positive real number , the function f is NOT an increasing function on the interval (–, 0)  

 (D) x = 0 is a point of local minima of f  

Sol. B 

2 2 1
2 2x x sin x 0

f (x) x

2 x 0

 

 (A) 

2 2

x 0

2 2

x 0

1
2 2x x sin 2

xRHD lim 0
x

 diff at x 0
1

2 2x x sin 2
xLHD lim 0

x

 

 (B) f(x) = 2 – x2
1

2 sin ; x 0
x

 
+  

 
 

 f(0) = 2 

 f(0+) < 2, f(0–) < 2 

  f(x) has local  maxima at x = 0 
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4. Consider the matrix 

 

2 0 0

P 0 2 0

0 0 3

 

 Let the transpose of a matrix X be denoted by XT. Then the number of 3×3 invertible matrices Q with itneger 

 entries, such that
1 T

Q Q  and PQ = QP,  

(A) 32  (B)  8 (C) 16 (D) 24 

Sol. C 

2 0 0

P 0 2 0

0 0 3

 let 

1 2 3

1 2 3

1 2 3

a a a

Q b b b

c c c

 

 
1 T

Q Q    and     PQ = OP 

 
1

Q Q Q Q    

1 2 3 1 1 1

1 2 3 1 1 2

1 2 3 1 1 3

2 0 0 a a a a a a 2 0 0

0 2 0 b b b b b a 0 2 0

0 0 3 c c c c c a 0 0 3

 

 Q Q I Q is orthogonal 

 
2 2 2

i l l
a 1 b c = = =    

1 2 331 2

1 2 3 1 2 3

1 2 3 1 2 3

2a 2a 3a2a2a 2a

2b 2b 2b 2b 2b 3b

3a 3a 3c 2a 2c 3c

  
  

=
  
     

 

 i i i i i i
a b b c c a 0= = =     3

3 3

3

a 0
2a 3 a

b 0

=
= 

−
 

 
2 2

1 2
a a 1+ =     a 0=  

 
2 2

1 2
b b 1+ =     

2
c 0=  

 
2

3
c 1=  

 

1 2

1 2

3

a a 0

Q b b 0

0 0 c

 
 

=
 
  

 

 
1

1

1 0 0

 (I) Q 0 1 0

0 0

 
 

= 
 
  

 (4)   (III) 
3

1 0 0

Q 0 1 0

0 0 1

− 
 

= 
 
  

(4) 

 (I) 
2

0 1 0

Q 1 0 0

0 0 1

 
 

= 
 
  

 (4)  (II) 
2

0 1 0

Q 1 1 0

0 0 1

− 
 

= 
 
  

(4) 

 Ans 16  

 



 

Motion Education | 394-Rajeev Gandhi Nagar | : 1800-212-1799 | url : www.motion.ac.in | Page No. # 5 

5. Let L1 be the line of intersection of the planes given by the equations  

 2x + 3y + z = 4 and x + 2y + z = 5.  
 Let L2 be the line passing through the point P(2, –1, 3) and parallel to L1. Let M denote the plane given by the 

 equation 

 2x + y – 2z = 6. 

 Suppose that the line 
2

L  meets the plane M at the point Q. Let R be the foot of the perpendicular  drawn from 

 P to the plane M. 

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

 (A) The length of the line segment PQ is 9 3  

 (B) The length of the line segment QR is 15  

 (C) The are of PQR is 
3

2
234    

 (D) The acute angle between the line segments PQ and PR is cos–1 1

2 3
 

Sol. AC 

 

 
1L

ˆı̂ k

ˆ ˆˆv : 2 3 1 ı j k

1 2

ĵ

1

=  − +   

 2

x 2 y 1 z 3
L :

1 1 1

− + −
= = = 

−
 

 m: 2x + y – 2z = 6  

  

 Let Q on 
2

L : ( 2, 1 ,3 ) + − −  +   

 lie on m 

 2 4 1 6 2 6 9  + − −  − −  =   = −  

 ( )Q : 7,8, 6− −  

 
2 1 3 4 1 6 6

R :
2 1 2 4 1 4

 −  +  − − − − 
= = = − 

− + + 
 

  

 
2 1 3

1
2 1 2

 −  +  −
= = = +

−
 

 ( )R : 4,0,1  

 (A) 
2 2 2

PQ (2 7) (8 1) (3 6) 81 81 81= + + + + + = + + 9 3=  

 (B) 
2 2 2

QR ( 7 4) (8 0) ( 6 1) 121 64 49= − − + − + − − = + + 234=  

L1 L2 

P1 P2 
P 

Q 
m 

L2 

R 

P 

p
n
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 (C) 

 

 | PR | 4 1 4 3= + + =  

 | PQ | 121 64 49= + + =  

 
1

PQR 3 233
2

 =   = + 

 
PR 3 1

cos
PQ 9 3 3 3

 = = =  

 Ans AC 

 

 

6. Let  denote the set of all natural numbers, and denote the set of all integers.  Consider the functions 

 f :  and g :  defined by 

 
(n 1) / 2  if n is odd 

f (n)
(4 n) / 2  if n is even 

 

 and 

 
3 2n  if n 0

g(n)
2n  if n 0

 

 Define (gof )(n) g(f (n))  for all n , and (fog)(n) f (g(n))  for all n . 

 

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

 (A) gof is NOT one-one and gof is NOT onto 

 (B) fog  is NOT one-one but fog is onto 

 (C) g is one-one and g is onto 
 (D) f is NOT one – one but f is onto 

Sol. AD 

f (2n 1) n ;n N  

 f (2n) 2 n n N  

 f (1) f (2) f (n)  is not one – one also f(x) is onto 

 g(n) 2n 3; n w  

 g( n) 2n n N   

 g(n) 1 g(n)  is one-one but not onto 

 

n 4; n odd 

n 4; n  even {2, 4}
gof (n)

5; 2

3; 4

 

 gof (1) gof (2)  also gof (n) 1  

 gof(n) is not one one and gof(x) is not onto 

 fog(n) n 2;n Z  one-one and onto 

P(2, –1, 3) 

R(4, 0, 1) 

 

Q(–7, 8, –6) 234

243 3 
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7. Let  denote the set of all real numbers. Let 
1

z 1 2i  and 
2

z 3i  be two complex  numbers, where 

 i 1 . Let 

 1 2
S (x, y) : x iy z 2 x iy z .  

 Then which of the following statements is (are) TRUE  

 (A) S is a circle with centre 
1 10

,
3 3

  

 (B) S is a circle with centre 
1 8

,
3 3

  

 (C) S is a circle with radius 
2

3
  

 (D) S is a circle radius 
2 2

3
 

Sol. AD 

|x+i y-1-2i|=2|x+i y-3i|  

 
2 2 2 2

(x 1) (y 2) 4(x) 4(y 3)  

 
2 2 2 2

x 2x 1 y 4y 4 4x 4y 24y 36  

 
2 2

3x 3y 2x 20y 31 0  

 
2 2 2 20 31

x y x y 0
3 3 3

 

 Circle with center
1 10

,
3 3

 

 Raidus = 
1 100 31

9 9 3
 

 
101 93 2 2

9 3
 

 (A), (D) is correct 

 

8. Let the set of all relations R on the set {a, b, c,d, e, f} , such that R is reflexive and symmetric, and R contains 

 exactly 10 elements, be denoted by S. 

 Then the number of elements in S  is _____. 

Sol. 105 

  a b c d e f 

a  ✓      

b   ✓     

c    ✓    

d     ✓   

e      ✓  

f       ✓ 

 
5 6

15
2

 elements  

 Total no of relation =
15

2

15 14
C

2
 

 = 105 
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9. For any two points M and N in the XY-plane, let MN  denote the vector from M to N, and 0  denote the zero 

 vector. Let P, Q and R be three distinct points in the XY-plane. Let S be a point inside the triangle PQR  

 such that SP 5SQ 6SR 0.  

 Let E and F be the mid-points of the sides PR and QR, respectively. Then the value of    

 
 length of the line segment EF

 length of the line segment ES
 is _____. 

Sol. 1.2 

 
 let p 0=  (origin) 

 given  

 s 5(q s) 6(r s) 0− + − + − =  

 12s 5q 6r= +  

 
5 r

s a
12 2

= +  

 Asked 

q r r

| EF | 2 2

| ES |
s

r

2

+
−

=

−

 

 

q q

62 2
1.2

5 r r 5q 5
q

12 2 2 12

= =  =

+ −

 

10. Let S be the set of all seven-digit numbers that can be formed using the digits 0,1 and 2 . For example, 
 2210222 is in S, but 0210222 is NOT in S. 
 Then the number of elements x in S such that at least one of the digits 0 and 1 appears exactly twice in x, is 
 equal to _______. 

Sol. 351 

Case: 1    two zeroes, no one 0 0 2 2 2 2 2 

 
6 5

2 5
C C=   

 Case: 2   two zeroes, one -1      0 0 1 2 2 2 2 

 
6 5 4

2 1 4
C C C    

 Case: 3    two zeroes, two ones  

 
6 5 3

2 2 3
C C C=    

 Case: 4   two one, no zero  1, 1, 2, 2, 2, 2, 2 

 
7!

21
5!2!

=  

 Case: 5   two ones, one-zero 1, 1, 0, 2, 2, 2, 2 

 
6 6

1 2
C C .   

 Total = 
6

2
C (1 5 10 6) 21+ + + + = 351  

P(0) 

r
E

2

 
 
 

( )Q q ( )q r
F

2

+ ( )R r

( )S s
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11. Let  and  be the real numbers such that 

 
x

3 2x 0 0

1 1
lim dt x cos x 2.

x 2 1 t
 

 Then the value of  +  is _____ . 

Sol. 2.4 

x

20

3x 0

1
dt x cos x

2 1 tlim 2
x→


+ 

− =


 

 
( )

1
2

2

1 x cos x x sin x
2 2

3x

−
− +  − 

 =  

 

( )
2 3

2

2x 0

x x
1 x 1 x x

2 2 3!
lim 2

3x→

   
+ + +  − + −  −   

   
 =  

 0
2


+  =  … (1) 

2


= −  

 6
2 2

 
− −  =  … (2) 

 
3

6
2 2

 
− =  

 3 12 −  =  

 2 3 12−  −  =  

 
12

5
 = −   

12
2.4

5
 +  = =  

 
24

5
 =  

 

12. Let  denote the set of all real numbers. Let f :  be a function such that f(x) > 0 for all x , and 

 f(x + y) = f(x)f(y) for all x, y . 

 Let the real numbers 
1 2 50

a ,a , ,a  be in an arithmetic progression. If 31 25
f a 64f a , and

 

50
25

i

i 1

f a 3 2 1 ,  then the value of 

30

i

i 6

f a  is ______. 

Sol. 96 

f(x+y)=f(x)×f(y)  

 let 
x

f (x) k k 0 .  

 
1 2 50

a ,a ,a AP  

 
2 1

a =a +d  

 
3 1

a =a +2d  

 
31 1

a =a +30d  

 
25 1

a =a +24d  

 Given 31 25
f a 64 f a  

 1 1a 30d a 24d
k 64 k  
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 1 1a a30d 24
k k 64 k k d  

 
6 66d 6 d

k 2 k 2  

 
d

k 2  

 Given 

 
50

25

i

i 1

f a 3 2 1  

 501 2 aa a 25
k k k 3 2 1  

 1 1 1 1a a d a 2d a 40d 25
k k k k 3 2 1  

 1a d 2d 49d 2n
k 1 k k k 3 2 1  

 1

50d

a 25

d

1 k 1
k 3 2 1

k 1
 

 1

50
a 252 1

k 3 2 1
2 1

 

 1a

25

3
k

2 1
 

 To find, 6 7 30

30
a a a

i

i 6

f a k k k  

 1 1 1a 5d a 6d a 29d
k k k  

 1a 5d 6d 29d
k k k k  

 1a 5d d 24d
k k 1 k k  

 
5 2 25

25

3
2 1 2 2 2

2 1
 

 

25
5

25

3 2 1
2 3 32

2 1 2 1
 

 96  

 

13. For all x > 0, let y1(x), y2(x), and y3(x) be the functions satisfying  

 
21

1 1

dy
(sin x) y 0, y (1) 5,

dx
 

 
22

2 2

dy 1
(cos x) y 0, y (1)

dx 3
 

 

3

3

3 33

dy 2 x 3
y 0, y (1) ,

dx x 5e
 

 respectively. Then 

 1 2 3

3x
x 0

y (x)y (x)y (x) 2x
lim

e sin x
 

 is equal to ______. 

Sol. 2 
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21
1

dy
sin xy

dx
=  

21

1

dy
sin x dx

y
 =   

 Integration we get 

 1

1 cos 2x
ln y dx

2

−
=   

 1

x sin 2x
ln y c

2 4
= − +  

 
1

y (1)=5  

 
1 sin 2

c ln 5
2 4

 = − +  

 

x sin 2x sin 2 1
ln5

2 4 4 2
1

y e
− + + −

 =  

 Similarly 
22

2

dy
cos xdx

y
=  

 Integrating, we get 

2

x sin 2x
ln y c

2 4
= + +  

 2

1
y (1)=

3
  

1 1 sin 2
c ln

3 2 4
= − −  

 

x sin 2x 1 1 sin 2 x sin 2x 1 sin 2
ln ln3

2 4 3 2 4 2 4 2 4
2

y e e
+ + − − + − − −

 = =  

 again 

3

3

3

3

dy 2 x
dx

y x

−
=   

 3 2

1
ln y x c

x
= − − +  

 3

3 3
y (1) c ln 2 ln 3 ln 5 1 2

5e 5e
=  = + = − − +  

 
2

1
x ln3 ln5 1

x
3

y e

−
− + − +

  =  

 now, 
1 2 3

y y y    

x sin 2x sin 2 1 x sin 2x 1 sin 2 1
ln5 ln3 x ln3 ln5 1

2 4 4 2 2 4 2 4 xe


− + + − + + − − − − − + − +

=  

 
2

1/x
e

−
=  

 now 
( )1 2 3

3x
x 0

y y (x)y (x) 2x
lim

n

x

e si x+
→

+


 

 

2
1/x

x 0

e 2x
lim

x+

−

→

+
  

 let ( )
1

t  as x 0 , t
x

+
= → →   

 ( )
2

t

t
lim te 2

−

→
 +  

 2
tt

t
lim 2

e→

 
 + 

 
 

 = 2 

 



 

Motion Education | 394-Rajeev Gandhi Nagar | : 1800-212-1799 | url : www.motion.ac.in | Page No. # 12 

14. Consider the following frequency  distribution: 

  

Value 4 5 8 9 6 12 11 

Frequency 5 f1 f2 2 1 1 3 

 Suppose that the sum of the frequencies is 19 and the median of this frequency distribution is 6. 

 For the given frequency distribution, let  denote the mean deviation about the mean,  denote the mean 

 deviation about  the median, and 2 denote the the variance. 

 Match each entry in List-I to the correct entry in List-II and choose the correct option.  

 List-I  List-II  

 (P) 
1 2

7f 9f  is equal to (1) 146 

 (Q) 19  is equal to  (2) 47  

 (R) 19  is equal to  (3) 48  

 (S) 
2

19  is equal to  (4) 145 

   (5) 55 

 (A) (P) (5) (Q) (3) (R) (2) (S) (4)  

 (B) (P) (5) (Q) (2) (R) (3) (S) (1)  

 (C) (P) (5) (Q) (3) (R) (2) (S) (1)  

 (D) (P) (3) (Q) (2) (R) (5) (S) (4)  

Sol. C 

Value 4 5 6 8 9 11 12 

Frequency 5 f1 1 f2 2 3 1 

C.f 5 (f1 + 5) (6 + f1) (6 + f1 + f2) 15 18 19 

 
1 2 i

f f 7 f 19  

 (P)  
1

6 f 10  

  
1

f 4  

  
1 1

f 4,f 3  

  
i i

i

f x 133
x 7

f 19
 

  
1 2

7f 9f 28 27 55  

  

 (Q)  i i
d x x   fidi 

   3  15 

   2  8 

   1  1 

   1  3 

   2  4 

   4  12 

   5  5 

  Mean deviation = 
i i

i

f d

f
 

  ii
19 f d 48  

  

 

 



 

Motion Education | 394-Rajeev Gandhi Nagar | : 1800-212-1799 | url : www.motion.ac.in | Page No. # 13 

(R)  
i i

d X M   
i i

f d  

   2  16 

   1  4 

   0  0 

   2  6 

   3  6 

   5  15 

   6  6 

  Mean deviation 
i i

i

f d

f
 

  
i i

19 f d 47  

 (S)  Var(x) = 

2

i i 2

i

f x
(x)

f
 

  = 146 

   Option (c) is correct 

 

15. Let  denote the set of all real numbers. For a real number x, let [x] denote the greatest  integer less than or 
 equal to x. Let n denote a natural number. 

 Match each entry in List-I to the correct entry in List-II and choose the correct option.   

  

List – I List II 

(P) The minimum value of n for which the function 
3 2

10x 45x 60x 35
f (x)

n
 

 
is continuous on the interval [1, 2], is 

(1) 8 

(Q) The minimum value of n for which 
2 3

g(x) 2n 13n 15 x 3x , x , is 

an increasing function on , is 

(2) 9 

(R) The smallest natural number n which is greater 
than 5, such that x = 3 is a point of local minima 

of 
n

2 2
h(x) x 9 x 2x 3 ,  

 is 

(3) 5 

(S) Number of 
0

x  such that 

 
4

k 0

1
(x) sin | x k | cos x k ,

2
 

 

x , is NOT differentiable at 
0

x , is 

(4) 6 

  (5) 10 

 (A) (P) (1) (Q) (3) (R) (2) (S) (5)  

 (B) (P) (2) (Q) (1) (R) (4) (S) (3)  

 (C) (P) (5) (Q) (1) (R) (4) (S) (3)  

 (D) (P) (2) (Q) (3) (R) (1) (S) (5)  
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Sol. B 

(P)  

3 2
10x 45x 60x 35

f (x)
n

 − + +
=  

 
 

  For continuity in [1, 2] 

  f(1) = f(2) 

  
60 55

n n

   
=   

   
 

  n 9 =   

 (Q)  ( )( )2 3
g(x) 2x 13x 15 x 3x= − − +  

  ( )2
g (x) (2x 15)(x 1) 3x 3 0


= − +  +   

  n 8 =   

 (R)  ( ) ( )
n

2 2
h(x) x 9 x 2x 3= −  + +  

  ( ) ( ) ( )
n 1 n

2 2 2
h (x) n x 9 (2x) x 2x 3 x 9 (2x 2)

−


= −  + + + − +  

  ( ) ( ) ( )
n 1

2 2 2
x 9 n (2x) x 2x 3 x 9 (2x 2)

−
 = −  + + + − +
 

 

  x = 3 is not a factor of this expression 

   n – 1 should be odd 

  So, ‘n’ should be even 

  smallest even number greater then 5 is 6  

 (S)  
4

k 0

1
(x) sin | x k | cos x k

2=

 
= − + − + 

 
  

  (x) sin | x | sin | x 1| sin | x 2 | sin | x 3 |= + − + − + −  

  
1 1 3

sin | x 4 | cos x cos x cos x
2 2 2

+ − + + + − + −  

  
5 7

cos x cos x
2 2

+ − + −  

 Since cos|x| is differentiable every where only non-differentiate point comes from sin|x| where x=0 

  x = 0, 1, 2, 3, 4 are point of none differentiable   

16. Let ˆˆ ˆw ı 2k , and u  and v  be two vectors, such that u v w  and v w u . Let , , , and t 

 be real numbers such that ˆˆ ˆu ı k, t 0, t 0,  and t 0 . 

 Match each entry in List-I to the correct entry in List-II and choose the correct option. 

List – I List II 

(P) 2
| v |  is equal to (1) 0 

(Q) If 3,  the 2 is equal to (2) 1 

(R) If 3,  then ( )
2

 +   is equal to (3) 2 

(S) If  2,  then t 3  is equal to  (4) 3 

  (5) 5 
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 (A) (P) (2) (Q) (1) (R) (4) (S) (5)  

 (B) (P) (2) (Q) (4) (R) (3) (S) (5)  

 (C) (P) (2) (Q) (1) (R) (4) (S) (3)  

 (D) (P) (5) (Q) (4) (R) (1) (S) (3)  

Sol. C 

u v w =  … (1) 

 v w u =  … (2) 

 (v w) v u v  =   

 
2

v ( v w)w vw−  =  

 
2 2

v v ( v)vw w w v vw 0 −  =    =  

 Now 
2 2
w wv v 1=  =  

 and from (1) u v w =  

 (u v w w w)  =   

 (u ) v (w u 0wv ) −  =  

 w(u ) v 0 u 0w =   =  

 Hence  2 0 +  −  =  … (1) 

  t−  +  +    … (2)   (2 – t) = 0 

  t 0 −  +  =  … (3) 

  t 0 +  −  =  … (4) 

(1) – (4) 

r(t 2) 0 r 0 or t 2

0

− =  = =



 +  =

 

Hence (P) ( )2
| v | 1 P 2= → →  

 (Q) 3 =  

2
0  = → ( )Q 1→  

(R) 3 =  

( )2 2 2
( ) ( ) ( ) 3 R 4  +  =  = − = → →  

(S) 2 t 1 t 3 2 s (3) =  = −  + = → →  

r 0 =  

2 = −  

 
 

 

 

 

 

 

 

 

 

 

 



 

 
  



 

 

 



 

 

 



 

 

 


