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PART III : MATHEMATICS
SECTION-I (Maximum Marks : 21)

* This section contains SEVEN Questions

* Each question has FOUR option [A], [B], [C] and [D]. ONLY ONE of these four options is correct.

* For each question, darken the bubble corresponding to the correct option in the ORS

* For each question, marks will be awarded in one of the following categories.

* Full Marks : +3 If only the bubble corresponding to the correct option is darkened

Zero Marks : 0 If none of the bubbles is darkened

Negative Marks : –1 In all other cases

1. For any positive integer n, define f
n
 : (0, )  R as

n 1
n j 1

1
f (x) tan

1 (x j)(x j 1)




 
      
  for all x  (0, ).

(Here, the inverse trigonometric function tan–1x assumes values in , .
2 2

   
  
  

Then, which of the following statement(s) is (are) TRUE?

(A)  5 2
jj 1

tan f (0) 55


 (B)    10 ' 2
j jj 1

1 f (0) sec f (0) 10


 

(C) For any fixed positive integer n,  n
x

1
lim tan f (x)

n


(D) For any fixed positive integer n,  2
n

x
lim sec f (x) 1




fdlh Hkh /kukRed iw.kkZad n ds fy;s, f
n
 : (0, )  R,

n 1
n j 1

1
f (x) tan

1 (x j)(x j 1)




 
      
  lHkh x  (0, ) ds fy;s]

(tan–1x, , .
2 2

   
  
  

 esa eku /kkj.k djrk gSA½ rc fuEufyf[kr esa ls dkSu lk ¼ls½ dFku lR; gS ¼gSa½ ?

(A)  5 2
jj 1

tan f (0) 55


 (B)    10 ' 2
j jj 1

1 f (0) sec f (0) 10


 

(C) fdlh Hkh fu;r /kukRed iw.kkZad n ds fy;s,  n
x

1
lim tan f (x)

n


(D) fdlh Hkh fu;r /kukRed iw.kkZad n ds fy;s,  2
n

x
lim sec f (x) 1




PAPER-2
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Sol.

n
1

n
j 1

1
f (x) tan

1 (x j)(x j 1)




 
  

    


fn(x) = tan–1 (x + n) – tan–1(x)  n 2 2

1 1
f ' (x)

1 (x n) 1 x
 

  

fn(0) = tan–1 (n)  tan2 (tan–1n) = n2

(A) Zero is not in domain
(B) Zero is not in domain

for option C & D

1
n

x x

n
lim f (x) lim tan 0

1 x(n x)


 

 
  

  

n
x
lim tan(f (x)) 0


 &
2

n
x
lim sec (f (x)) 1




2 Let T be the line passing through the points P(–2, 7) and (2, –5). Let F
1
 be the set of all pairs of circles (S

1
, S

2
)

such that T is tangent to S
1
 at P, and tangent to S

2 
at Q, and also such that S

1
 and S

2
 touch each other at a point,

say, M. Let E
1
 be the set representing the locus of M as the pair (S

1
, S

2
) varies in F

1
. Let the set of all straight

line segments joining a pair of distinct points of E
1
 and passing through the point R(1, 1) be F

2
. Let E

2
 be the set

of the mid-points of the line segments in the set F
2
. Then, which of the following statement(s) is (are) TRUE?

(A) The point (–2, 7) lies in E
1

(B) The point (4/5, 7/5) does NOT lie in E
2

(C) The point (1/2, 1) lies in E
2

(D) The point (0, 3/2) does NOT lie in E
1

ekuk fd T, fcUnqvksa P(–2, 7) vkSj Q(2, –5) ls xqtjus okyh js[kk gSA ekuk fd F
1
 mu lHkh o`Ùk ;qXeksa (S

1
, S

2
) dk leqPp; gS

fd js[kk T, S
1
 ds fcUnq P ij vkSj S

2 
ds fcUnq Q ij Li'khZ gS rFkk o`Ùk S

1
 o S

2
 ,d nwljs dks fcUnq] ekuk fd M, ij Li'kZ djrs

gSaA tc ;qXe (S
1
, S

2
), F

1 
esa fopfjr djrk gS rks ekuk fd leqPp; E

1 
] fcUnq M ds fcUnqiFk dks n'kkZrk gSA ekuk fd F

2
 mu ljy

js[kk&[k.Mksa dk leqPp; gS] tks fcUnq R(1, 1) ls xqtjrh gSa rFkk E
1
 ds nks fHkUu fcUnqvksa ds ;qXe dks tksM+rh gSaA ekuk fd E

2
 ]

leqPp; F
2 
ds js[kk[k.Mksa ds e/; fcUnqvksa dk leqPp; gSA rc fuEufyf[kr esa ls dkSu lk (ls) dFku lR; gS (gSa) ?

(A) fcUnq (–2, 7) leqPp; E
1 
esa fLFkr gS (B) fcUnq (4/5, 7/5) leqPp; E

2 
esa fLFkr ugha gS

(C) fcUnq (1/2, 1) leqPp; E
2 
esa fLFkr gS (D) fcUnq (0, 3/2) leqPp; E

1 
esa fLFkr ugha gS

Sol.

Note that APB
2


  , hence locus of P is (x + 2)(x – 2) + (y – 7)(y + 5) = 0
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d2 + y2 – 2y – 39 = 0 ........... E
1

Locus of mid-points of chords passing through (1, 1) is

h + K – (1 + k) = h2 + k2 – 2K

 h2 + K2 – 2K – h + 1 = 0

Hence E
2
 is x2 + y2 – x – 2y + 1 = 0

Q.3 Let S be the set of al l  column matrices 

1

2

3

b

b

b

 
 
 
  

 such that b
1
, b

2
, b

3
    and the system of equations (in real

variables)

–x + 2y + 5z = b
1

2x – 4y + 3z = b
2

x – 2y + 2z = b
3

has at least one solution. Then, which of the following system(s) (in real variables) has (have) at least one

solution for each 

1

2

3

b

b

b

 
 
 
  

  S ?

ekuk fd S mu lHkh LrEHk vkO;wgksa 

1

2

3

b

b

b

 
 
 
  

 dk leqPp; gS ftuds fy, b
1
, b

2
, b

3
    vkSj okLrfod pjksa okys lehdj.k

fudk;

–x + 2y + 5z = b
1

2x – 4y + 3z = b
2

x – 2y + 2z = b
3

dk de ls de ,d gy gSA rc fuEufyf[kr okLrfod pjksa okys fudk;ksa esa ls fdl (dkSu ls) fudk; (fudk;ksa) dk Hkh izr;sd

1

2

3

b

b

b

 
 
 
  

  S ds fy, de ls de ,d gy gS ?

(A) x + 2y + 3z = b
1
, 4y + 5z = b

2
 and x + 2y + 6z = b

3

(B) x + y + 3z = b
1
, 5x + 2y + 6z = b

2
 and –2x – y –3z = b

3

(C) –x + 2y – 5z = b
1
, 2x – 4y + 10z = b

2
 and x – 2y + 5z = b

3

(D) x + 2y + 5z = b
1
, 2x + 3z = b

2
 and x + 4y – 5z = b

3

Sol.  = 0 so for at least one solutions 
1
 = 

2
 = 

3
 = 0  b

1
 + 7b

2
 = 13b

3
 ..........(i)

option (A)  0    unique solution    option (A) is correct

option (D)  0    unique solution   option (B) is correct

option (C)  0   equations are x – 2y + 5z = –b
1

2b
x 2y 5z

2
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x – 2y + 5z = b
2

There planes are parallel so they must be coincident


2

1 3

b
b b

2
   which satisfies equation (1) for all b

1
, b

2
, b

3
 option (C) is correct.

option (B) 

1 1 1

5 2 2 0.

2 1 1

    Also 



For infinite solutions, 

and 


must be 0



1

2

3

1 b 1

5 b 2 0

2 b 1


    –b

1
 – b

2
 + 3b

3
 = 0 which does not satisfy (i) for all b

1
, b

2
 b

3
 so option(s)

wrong

4. Consider two straight lines, each of which is tangent to both the circle 
2 2 1

x y
2

   and the parabola

y2 = 4x. Let these lines intersect at the point Q. Consider the ellipse whose center is at the origin O(0, 0) and

whose semi-major axis is OQ. If the length of the minor axis of this ellipse is 2 , then which of the following

statement(s) is (are) TRUE ?

(A) For the ellipse, the eccentricity is 
1

2
 and the length of the latus rectum is 1

(B) For the ellipse, the eccentricity is 
1

2
 and the length of the latus rectum is 

1

2

(C) The area of the region bounded by the ellipse between the lines x = 
1

2
 and x = 1 is  

1
2

4 2
 

(D) The area of the region bounded by the ellipse between the lines 
1

x
2

  and x = 1 is   
1

2
16

 

,slh nks ljy js[kkvksa ij fopkj dhft;s] ftuesa ls izR;sd] o`Ùk 
2 2 1

x y
2

   vkSj ijoy; nksuksa ij gh Li'khZ gSA ekuk fd ;s

js[kk,sa fcUnq Q ij izfrPNsn djrh gSA ,d ,sls nh?kZo`Ùk ij fopkj dhft;s ftldk dsUnz ewyfcUnq ij gS vkSj ftldk

v/kZ&nh?kkZ{k OQ gSA ;fn bl nh?kZo`Ùk ds y?kq v{k dh yEckbZ 2  gS] rc fuEufyf[kr esa ls dkSu lk (ls) dFku lR; gS (gSa) ?

(A) nh?kZo`Ùk dh mRdsUnzrk 
1

2
 gS vkSj ukfHkyEc thok dh yEckbZ 1 gS

(B) nh?kZo`Ùk dh mRdsUnzrk 
1

2
 gS vkSj ukfHkyEc thok dh yEckbZ 

1

2
 gS

(C) js[kkvksa x = 
1

2
 o x = 1  ds chp nh?kZo`Ùk }kjk ifjc) {ks=k dk {ks=kQy  

1
2

4 2
   gS
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(D) js[kkvksa 
1

x
2

  o x = 1 ds chp nh?kZo`Ùk }kjk ifjc) {ks=k dk {ks=kQy  
1

2
16

   gS

Sol.

 2

1
0 0

1m
21 m

 




 m4 + m2 – 2 = 0

 m = 

Equation of common tangents are y = x + 1 & y = –x – 1

point Q is (–1, 0)

 Equation of ellipse is 
2 2x y

1
1 1/ 2
 

(A)
1 1

e 1
2 2

   &
22b

LR 1
a

 

(C)

Area
1

2

1/ 2

1
2. . 1 x dx

2


1

2 1

1/ 2

x 1
2 1 x sin x

2 2
 

    

x 1 1 2
2 2

4 4 8 8 4 4 2
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5. Let s, t, r be non-zero complex numbers and L be the set of solutions z = x + iy  x, y , i 1  

of the equation sz tz r 0   , where z x iy  . Then, which of the following statement(s) is (are) TRUE ?

(A) If  L has exactly one element, then |s|  |t|

(B) If |s| = |t|, then L has infinitely many elements

(C) The number of elements in L {z : |z – 1 + i| = 5} is at most 2

(D) If L has more than one element, then L has infinitely many elements

ekuk fd s, t, r 'kwU;sÙkj lfEeJ la[;k;sa gSa vkSj L lehdj.k sz tz r 0    ds gyksa  z = x + iy  x, y , i 1  

dk leqPp; gS] tgk¡ z x iy   A rc fuEufyf[kr esa ls dkSu lk (ls) dFku lR; gS (gSa) ?

(A) ;fn L esa Bhd ,d vo;o gS] rc  |s|  |t|

(B) ;fn |s| = |t|, rc L esa vuUr vo;o gSa

(C) L {z : |z – 1 + i| = 5} esa vo;oksa dh vf/kdre la[;k 2 gS

(D) ;fn L esa ,d ls T;knk vo;o gSa] rc L esa vuUr vo;o gSa

Sol. sz tz r 0, z x iy    

s z t z r 0  

(1) + (2)

(t s) z (s t) z (r r) 0     

(t s) z (s t) z (r r) 0     

For unique solution

t s s t

t s s t

 


 

On solving the above equation we get

| t | | s |

 option (A) is correct

Lines overlap if

t s t s r r

t s s t r r

  
 

  

| t | | s | tr tr sr sr sr sr tr t r      

2 tr 2sr

tr sr

 | t || r | | s || r |

 | t | | s |

 If | t | = | s |, lines will be parallel for sure but it may not be coincident

For option (C) if element of set L represent line, then this line and given circle can have maximum two common
points so option (C) is correct

6. Let f : (0, )    be a twice differentiable function such that

2

t x

f (x)sint f(t)sinx
lim sin x

t x





 for all x  (0, ).
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If f
6 12

  
  

 
, then which of the following statement(s) is (are) TRUE ?

(A) f
4 4 2

  
 

 

(B)  
4

2x
f x x

6
   for all x  (0, )

(C) There exists  (0, ) such that f'() = 0

(D) f '' f 0
2 2

    
    

   

ekuk fd f : (0, )    ,d ,slk f}vodyuh; Qyu gS fd

2

t x

f (x)sint f(t)sinx
lim sin x

t x





 lHkh x  (0, ) ds fy;sA

;fn f
6 12

  
  

 
, rc fuEufyf[kr esa ls dkSu lk (ls) dFku lR; gS (gSa) ?

(A) f
4 4 2

  
 

 

(B)  
4

2x
f x x

6
   lHkh x  (0, ) ds fy;s

(C) ,d ,sls  (0, ) dk vfLrRo gS ftlds fy;s f'() = 0

(D) f '' f 0
2 2

    
    

   

Sol.
2

x x

f (x)sin t f (t) sin x
lim sin x

t x






2

f (x)cos x f '(x)sin x
1

sin x




f (x)
d 1

sin x

 
  

 

f (x)
x c

sin x
   f

6 12

  
  

 
  c = 0  f(x) = – x sin x

(A) f(x) + f "(x) = –2 cos x

f f " 0
2 2

    
    

   

(B) f
4 4 2

   
    

   

(C) f(x) continuous and differentiable and f(0) = f(x) = 0

Using LMVT f '(c) = 0 for some x (0, )
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(D) g(x) = – x sin x + 
4

2 x
x

6


g'(x) = f '(x) + 2x 
32x

3


g'' (x) = f "(x) + 2x –2x2

g''' (x) = 3 sin x + x cos x – 4x = 3 (sin x – x) + x (cosx – 1)

 g'"(x) < 0  g"(x) is decreasing

for x > 0 g"(x) < g"(0)  g"(x) < 0

hence g'(x) is decreasing

for x > 0 g'(x) < g'(0)  g'(x) < 0

hence g(x) < 0

for x > 0 g(x) < g(0)  g(x) < 0

Hence f(x)
4

2x
x x (0, )

6
    

7. The value of the integral

    

1

2
1/40 2 6

1 3
dx

x 1 1 x



 
   is :

lekdy

    

1

2
1/40 2 6

1 3
dx

x 1 1 x



 
   dk eku gS :

Sol.
 

1

2

1/42 6
0

1 3 dx

(1 x) (1 x)



   


put
1 x

t
1 x





 2

2dx
dt

(1 x)






 
1

1/33

6/4

10

1 3 dt (1 3) 2
I (1 3)( 3 1) 2

2t 2 t

   
      



8. Let P be a matrix of order 3 × 3 such that all the entries in P are from the set {–1, 0, 1}. Then, the maximum

possible value of the determinant of P is _____ .

ekuk fd P, 3 × 3 dksfV dk  ,d ,slk vkO;wg gS fd P dh lHkh izfof"V;k¡ leqPp; {–1, 0, 1} esa ls gSA rc P ds lkjf.kd dk

vf/kdre laHkkfor eku gS _____ A

Sol. det 
1 2 3

1 2 3 1 2 3 3 2 2 1 3 3 1 3 1 2 2 1

1 2 3

a a a

(P) b b b a (b c b c ) a (b c b c ) a (b c b c ) 6

c c c

       

value can be 6 only if a
1
 = 1, a

2
 = –1, a

3
 = 1, b

2
c

3
 = b

1
c

3
 = 1, b

3
c

2
 = b

3
c

1
 = – 1
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 (b
2
c

3
) (b

3
c

1
) (b

1
c

2
) = – 1 & (b

1
c

3
) (b

3
c

2
) (b

2
c

1
) = 1

i.e. b
1
b

2
b

3
c

1
c

2
c

3
 = 1 and – 1

hence not possible

Similar contradiction occurs when a
1
 = 1, a

2
 = 1, a

3
 = 1, b

2
c

2
 = b

3
c

1
 = b

1
c

2
 = 1 b

3
c

2
 = b

1
c

3
 = b

1
c

2
 = – 1

Now for value to be 5 one the terms must be zero but that will make 2 terms zero which means answer cannot

be 5

Now 

1 0 1

1 1 1 4

1 1 1

 

 

 Hence max value = 4

9. Let X be a set with exactly 5 elements and Y be a set with exactly 7 elements. If   is the number of one-one

functions from X to Y and  is the number of onto functions from Y to X, then the value of   
1

5!
  is _____

ekuk fd leqPp; X esa Bhd 5 vo;o gSa vkSj leqPp; Y esa Bhd 7 vo;o gSaA ;fn X ls Y esa ,dSdh Qyuksa dh la[;k  gS vkSj

Y ls X esa vkPNknd Qyuksa dh la[;k  gS] rc  
1

5!
   dk eku gSA

Sol. n(X) = 5

n(Y) = 7

 Number of one-one function = 7C
5
 × 5! = 21 × 120 = 2520

 Number of onto function Y to X

1, 1, 1, 1, 3 1, 1, 1, 2, 2

7 7 7
3 3 33

7! 7!
5! 5! ( C 3. C )5! 4 C 5!

3!4! (2!) 3!
       

7 7
3 54 C C 4 35 21 119

5!

 
      

10. Let f :      be a differentiable function with f(0) = 0. If y = f(x) satisfies the differential equation

dy
(2 5y)(5y 2)

dx
   , then the value of 

x
lim f (x)


 is _____.

ekuk fd f :      ,d ,slk vodyuh; Qyu gS ftlds fy;s f(0) = 0. ;fn y = f(x), vody lehdj.k

dy
(2 5y)(5y 2)

dx
    dks lUrq"V djrk gS] rc 

x
lim f (x)


 dk eku gSA

Sol.
dy

(5y 2)(5 y 2)
dx
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1 dy
dx

2 225
y y

5 5


  

   
  

 

2
y

1 5 5. n x c
225 4 y
5


 



l

1 5y 2
n x c

25 5y 2


 


l

at x = 0, y = 0    c = 0

20x2 5y
Hence e

2 5y






20x 20x

x

2 5y
e , lim e 0

2 5y 


 




x

2
lim y 0.4

5
 

11. Let f :      be a differentiable function with f(0) = 1 and satisfying the equation

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

Then, the value of log
e
(f(4)) is _____.

ekuk fd f :      ,d ,slk vodyuh; Qyu gS ftlds fy;s f(0) = 1, vkSj tks lHkh

x, y    ds fy;s lehdj.k f(x + y) = f(x)f '(y) + f '(x)f(y) dks lUrq"V djrk gSA

rc log
e
(f(4)) dk eku gSA

Sol. f(x + y) = f(x).f '(y) + f '(x).f(y)

substituting x = y = 0, we get

f(0) = 2f '(0) 
1

f '(0)
2



w substituting y = 0

f(x) = f(x).f '(0) + f '(x).f(0)


f (x)

f '(x)
2



 f(x) = ex/2  f(x) = ex/2 (as f(0) = 1)

Now ln (f(x)) 
x

2
  ln (f(4)) = 2

12. Let P be a point in the first octant, whose image Q in the plane x + y = 3 (that is, the line segment PQ is

perpendicular to the plane x + y = 3 and the mid-point of PQ lies in the plane x + y = 3 lies on the z-axis. Let

the distance of P from the x-axis be 5. If R is the image of P in the xy-plane, then the length of PR is _____ .

ekuk fd P izFke v"Bka'k (first octant) esa ,d fcUnq gS, ftldk lery x + y = 3 esa izfrfcEc Q (vFkkZr js[kk[k.M PQ lery

x + y = 3 ds yEcor~ gS vkSj PQ dk e/; fcUnq lery x + y = 3 esa fLFkr gS) z-v{k ij fLFkr gSA ekuk fd P dh x-v{k ls nwjh

5 gSa ;fn P dk xy-lery esa izfrfcEc R gS] rc PR dh yEckbZ gSA
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Sol. P()

R()

Q

x y z 2( 3)

1 1 0 2

      
  

x = 3 – y = 3 – z = 

Q(3 – 3 – ) lies on z-axis

 

P(3, 3, ) distance from x-axis is 5

9 +  = 25

  

P(3, 3, 4)  PR = 8

R(3, 3, –4)

13. Consider the cube in the first octant with sides OP, OQ and OR of length 1, along the x-axis, y-axis and z-axis,

respectively, where O(0,0,0) is the origin. Let 
1 1 1

S , ,
2 2 2

 
 
 

 be the centre of the cube and T be the vertex of the

cube opposite to the origin O such that S lies on the diagonal OT. If p SP,q SQ, r SR  
    

and t ST


, then the value of    | p q r t |  
  

 is _____ .

izFke v"Bka'k (first octant) esa ,d ,sls ?ku ij fopkj dhft;s] ftldh Hkqtkvksa OP, OQ vkSj OR dh yEckbZ 1 gS vkSj tks

Øe'k% x-v{k] y-v{k vkSj z-v{k ds vuqfn'k gSa] tgk¡ O(0,0,0) ewyfcUnq gSA ekuk fd ?ku dk dsUnz 
1 1 1

S , ,
2 2 2

 
 
 

 gS] vkSj 'kh"kZ

T ewyfcUnq O ds lEeq[k okyk og 'kh"kZ gS fd fcUnq S fod.kZ OT ij fLFkr gSA

;fn p SP,q SQ, r SR  
    

 vkSj t ST


, rc    | p q r t |  
  

 dk eku gSA

Sol.

point 
1 1 1

S , ,
2 2 2

 
 
 

point T (1, 1, 1)
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ˆ ˆ ˆi j k
p SP

2

 
 


ˆ ˆ ˆi j k
q SQ

2

  
 


ˆ ˆ ˆi j k
r SR

2

  
 


ˆ ˆ ˆi j k
t ST

2

 
 


Now 

ˆ ˆ ˆi j k
ˆ1 1 i jˆ ˆp q 1 1 1 (2 i 2 j)

4 4 2
1 1 1


       

 

 

ˆ ˆ ˆi j k
ˆ ˆ ˆ ˆ1 2i 2 j i j

r t 1 1 1
4 4 2

1 1 1

   
      


Now 

ˆ ˆ ˆi j k
ˆ1 k

(p q) (r t) 1 1 0
4 2

1 1 0

     



  


1
(p q) (r t) 0.5

2
    

  

14. Let        
2 2 2 210 10 10 10

1 2 3 10X C 2 C 3 C .... 10 C ,    

where 10C
r
 , r  {1, 2,...., 10} denote binomial coefficients. Then, the value of 

1

1430
 X is ______

ekuk fd

       
2 2 2 210 10 10 10

1 2 3 10X C 2 C 3 C .... 10 C ,    

tgk¡ 10C
r
 , r  {1, 2,...., 10}, f}in xq.kkadksa dks n'kkZrs gSaA rc 

1

1430
 X dk eku gSA

Sol.
10 10

10 10 9 10 19
r r r 1 10 r 9

r 1 r 1

X r. C . C 10. C . C 10. C 
 

   

Now 
19 19 19

9 9 910. C C CX 19.17.16
19 34 646

1430 1430 143 11 13 8
      



Q.15 Let . 1

x
E x : x 1 and 0

x 1

 
    

 


and 
1

2 1 e

x
E x E : sin log is a real number

x 1
   

       
.
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(Here, the inverse trigonometric function sin–1x assumes values in ,
2 2

  
  

.)

Let f : E    be the function defined by e

x
f (x) log

x 1

 
  

 

and  g : E
2
    be the function defined by 

1
e

x
g(x) sin log

x 1
   

     

LIST-I LIST-II

P. The range of f is 1. 
1 e

, ,
1 e e 1

   
       

Q. The range of g contains 2. (0, 1)

R. The domain of f contains 3. 
1 1

,
2 2

 
  

S. The domain of g is 4. (–, 0) (0, )

5.  
1 e

,0 ,
21 e

 
    

6.  
1 e

,0 ,
2 1 e

 
    

The correct option is:

ekuk fd 1

x
E x : x 1 0

x 1

 
    

 
 vkSj

vkSj 
1

2 1 e

x
E x E : sin log

x 1
   

       
,d okLrfod la[;k gSA .

(;gk¡ izfrykse f=kdks.kferh; Qyu (inverse trigonometric function) sin–1x ,
2 2

  
  

 esa eku /kkj.k djrk gSA)

ekuk fd Qyu f : E   , 
e

x
f (x) log

x 1

 
  

 
 ds }kjk ifjHkkf"kr gS

vkSj Qyu g : E
2
   , 

1
e

x
g(x) sin log

x 1
   

     
 ds }kjk ifjHkkf"kr gSA

lwph-I lwph-II

P. f dk ifjlj gS 1. 
1 e

, ,
1 e e 1

   
       

Q. g ds ifjlj esa lekfgr gS 2. (0, 1)

R. f  ds izkUr esa lekfgr gS 3. 
1 1

,
2 2

 
  

S. g dk izkur gS 4. (–, 0) (0, )
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5.  
1 e

,0 ,
21 e

 
    

6.  
1 e

,0 ,
2 1 e

 
    

fn, gq, fodYiksa esa ls lgh fodYi gS :

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

(B) P  3; Q  3; R 6; S 5

(C) P  4; Q  2; R 1; S 6

(D) P  4; Q  3; R 6; S 5

Sol. 1

x
E : 0

x 1



 x ( ,0) (1, )   

2

x
E : 1 n 1

x 1

 
   

 
l 

1 x
e

e x 1
 




1 1
1 e

e x 1
  



1 1
1 e 1

e x 1
   




e 1
(x 1) , ,

1 e e 1

   
          

e e
, ,
e 1 e 1

   
         

w 
1

x
(0, ) {1} x E

x 1
    




x
n ( , ) {0}

x 1

 
    

 
l

1 x
sin n , {0}

x 1 2 2
       

          
l

16. In a high school, a committee has to be formed from a group of 6 boys

M
1
, M

2
, M

3
, M

4
, M

5
, M

6
  and 5 girls G

1
, G

2
, G

3
, G

4
, G

5
.

(i) Let 
1
 be the total number of ways in which the committee can be formed such that the committee has 5

members, having exactly 3 boys and 2 girls.

(ii) Let 
2
 be the total number of ways in which the committee can be formed such that the committee has at

least 2 members, and having an equal number of boys and girls.

(iii) Let 
3 
be the total number of ways in which the committee can be formed such that the committee has 5

members, at least 2 of them being girls.

(iv) Let 
4
 be the total number of ways in which the committee can be formed such that the committee has 4

members, having at least 2 girls and such that both M
1
 and G

1
 are NOT in the committee together.

LIST-I LIST-II

P. The value of 
1
is 1. 136

Q. The value of 
2
 is 2. 189

R. The value of 
3
 is 3. 192

S. The value of 
4
 is 4. 200

5. 381

6. 461
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The correct option is:

,d gkbZ Ldwy esa] 6 ckydksa M
1
, M

2
, M

3
, M

4
, M

5
, M

6
  vkSj 5 ckfydkvksa G

1
, G

2
, G

3
, G

4
, G

5 
ds lewg esa ls ,d lfefr

cukbZ tkuh gSA

(i) ekuk fd 
1
 lfefr dks bl izdkj ls cukusa ds rjhdksa dh dqy la[;k gS fd lfefr 5 lnL; gSa] ftuesa ls Bhd 3 ckyd vkSj

2 ckfydk,a gSaA

(ii) ekuk fd 
2
 lfefr dks bl izdkj ls cukusa ds rjhdksa dh dqy la[;k gS fd lfefr esa de ls de 2 lnL; gSa] vkSj ckydksa vkSj

ckfydkvksa dh la[;k cjkcj gSA

(iii) ekuk fd 
3
 lfefr dks bl izdkj ls cukusa ds rjhdksa dh dqy la[;k gS fd lfefr esa 5 lnL; gSa] ftuesa ls de ls de 2

ckfydk,a gSaA

(iv)  ekuk fd 
4
 lfefr dks bl izdkj ls cukusa ds rjhdksa dh dqy la[;k gS fd lfefr esa 4 lnL; gSa] ftuesa ls de ls de 2

ckfydk,a gSa vkSj M
1
 o G

1
 lfefr esa ,d lkFk ugha gSA

lwph-I lwph-II

P. 
1
dk eku gS 1. 136

Q. 
2
 dk eku gS 2. 189

R. 
3
 dk eku gS 3. 192

S. 
4
 dk eku gS 4. 200

5. 381

6. 461

fn, gq, fodYiksa esa ls lgh fodYi gS :

(A) P  4; Q  6; R 2; S 1

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

(C) P  4; Q  6; R 5; S 2

(D) P  4; Q  2; R 3; S 1

Sol. 6 Boys & 5 girls



number of ways of selecting 3 boys & 2 girls 6C

3
 × 5C

2
 = 200


2
  Boys & girls are equal & members  2

6C
1
 . 5C

1
 + 6C

2
 . 5C

2
 + 6C

3
 . 5C

3
 + 6C

4
 . 5C

4
 + 6C

5
 . 5C

5
 = 11C

5
 – 1 = 461


3
  number of ways of selecting 5 having at least 2 girls 11C

5
 – 6C

5
 – 6C

4
 . 5C

1
 = 11C

5
 – 81 = 381


4
  G

1
 is included  4C

1
 . 5C

2
 + 4C

2
 . 5C

1
 + 4C

3
 = 40 + 30 + 4 = 74

M
1
 is included  4C

2
 . 5C

1
 + 4C

3
 = 34

G
1
 & M

1
 both are excluded  4C

4
 + 4C

3
 . 5C

1
 + 4C

2
 . 5C

2
 = 81

Total = 74 + 34 + 81 = 189

17. Let 
2 2

2 2

x y
H : 1

b
   , where  > b > 0,  be a hyperbola in the xy-plane whose conjugate axis LM subtends

an angle of 60º at one of its vertices N. Let the area of the triangle LMN be 4 3 .

LIST-I LIST-II

P. The length of the conjugate axis of H is 1. 8
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Q. The eccentricity of H is 2. 
4

3

R. The distance between the foci of H is 3. 
2

3

S. The length of the latus rectum of H is 4. 4

The correct option is:

ekuk fd 
2 2

2 2

x y
H : 1

b
   , tgk¡  > b > 0,  xy-lery esa ,d ,slk vfrijoy; gS ftldk la;qXeh v{k LM mlds ,d

'kh"kZ N ij 60º dk dks.k varfjr djrk gSA ekuk fd f=kHkqt LMN dk {ks=kQy 4 3  gSA

lwph-I lwph-II

P. H ds la;qXeh v{k dh yEckbZ gS 1. 8

Q. H dh mRdsUnzrk gS 2. 
4

3

R. H dh UkfHk;ksa ds chp dh nwjh gS 3. 
2

3

S. H ds ukfHkyEc thok dh yEckbZ gS 4. 4

fn, gq, fodYiksa esa ls lgh fodYi gS :

(A) P  4; Q  2; R 1; S 3

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

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

(D) P  3; Q  4; R 2; S 1

Sol.

Area of LMN 4 3

1
(2 b)( 3 b) 4 3

2
   b2 = 4  b = 2  2b = 4

Here
a

cot 30º
b
  a 3b  a 2 3

b2 = a2 (e2 – 1)
4 = 12(e2 – 1)

2 1 4
e 1

3 3
   

2
e

3
  and

2
2ae 2 2 3 8

3
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and length of latus ractum 
22b 2 4 4

a 2 3 3


  

CONT DIFFEREN

18. Let 
2

1 2 3f : , f : , , f 1,e 2
2 2

    
       

   
      and  4f :  

defined by

(i)  2x
1f (x) sin 1 e , 

(ii) 
1

2

| sinx |
if x 0

f (x) tan x

1 x 0






 
 

,  where the inverse trigonometric function tan–1x

assumes values in ,
2 2

  
 
 

,

(iii) f
3
(x) = [sin(log

e
(x+2))], where, for t   [t] denotes the greatest integer less than or equal to t,

(iv) 

2

4

1
x sin if 0

f (x) x

0 if x 0

  
    

 

.

LIST-I LIST-II

P. The function f
1
 is 1. NOT continuous at x = 0

Q. The function f
2 
is 2. continuous at x = 0 and NOT differentiable at x = 0

R. The function f
3
 is 3. differentiable at x = 0 and its derivative

    is NOT continuous at x = 0

S. The function f
4
 is 4. differentiable at x = 0 and its derivative

is continuous at x = 0

The correct option is:

(A) P  2; Q  3; R 1; S 4

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

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

(D) P  2; Q  1; R 4; S 3

ekuk fd Qyu  
2

1 2 3f : , f : , , f 1,e 2
2 2

    
       

   
      vkSj 4f :  

bl izdkj ifjHkkf"kr gSa fd
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(i)  2x
1f (x) sin 1 e , 

(ii) 
1

2

| sinx |
if x 0

f (x) tan x

1 x 0






 
 

,  tgk¡ izfrykse f=kdks.kferh; Qyu

tan–1x,  ,
2 2

  
 
 

 esa eku /kkj.k djrk gS,

(iii) f
3
(x) = [sin(log

e
(x+2))], tgk¡  t   ds fy;s] [t], t ls NksVk ;k t ds cjkcj egÙke iw.kkZad dks n'kkZrk gS ,

(iv) 

2

4

1
x sin if 0

f (x) x

0 if x 0

  
    

 

.

LIST-I LIST-II

P. Qyu f
1

1. x = 0 ij larr ugha gS

Q. Qyu f
2

2. x = 0 ij larr gS vkSj x = 0 ij vodyuh; ugha gS

R. Qyu f
3

3. x = 0 ij vodyuh; gS vkSj x = 0 ij bldk vodyt larr ugha

gS

S. Qyu f
4

4. x = 0 ij vodyuh; gS vkSj x = 0 ij bldk

vodyt larr gS

fn, gq, fodYiksa esa ls lgh fodYi gS :

(A) P  2; Q  3; R 1; S 4

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

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

(D*) P  2; Q  1; R 4; S 3

Sol. (i)

2 2 2

2

h h h

1 2h 0 h 0 h

sin 1 e 0 sin 1 e 1 e | h |
f ' (0) lim lim

h h h1 e

  

  

   
   



| h | | h |
1 1 1 1

h h
     

= limit does not exist.
 for option (P), (2) is correct.

(ii) 2 1x 0 x 0

| sin x |
lim f (x) lim

tan x 


1x 0

| sin x | x | x |
lim

| x | tan x x
  

x 0

| x |
lim1 1

x
  

= limit does not exist  for option Q, (1) is correct.

(iii) 3 e
x 0 x 0
lim f (x) lim[sin(log (x 2) tends to 2]
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now at x tends to zero (x + 2) tends to 2
 log

e
 (x + 2) tends to ln2

which is less than 1

e
x 0

0 lim sin(log (x 2)) sin1


    e
x 0
lim[sin(log (x 2))] 0


 

f
3
(x) = {0 x [–1, e)

 f '
3
(x) = 0  x (–1, e)

 f "
3
(x) = 0  x (–1, e)

Hence for (R), (4) is correct.

(iv)
2 2

4
x 0 x 0 x 0

1 1
lim f (x) lim x sin lim x sin 0

x x  

   
     

   

2

4
h 0 h 0

1
h sin 0

1x
f ' (0) lim lim h sin 0

x x 

 
 

     
 

4

1 1
f ' (x) cos x sin , x 0

x x
   

4

1 1
cos h sin 0

h hf " (0)
h

  
  does not exist

hence for (S), (3) is correct.
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