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MATHEMATICS



1. Let xk + yk = ak, (a, k > 0 ) and 
dy
dx

 +  

1
3y

x
 
 
 

 = 0, then k is:

; fn xk + yk = ak, (a, k > 0 ) r Fkk 
dy
dx

 +  

1
3y

x
 
 
 

 = 0,r ks k cj kcj  gS %

(1) 
2
3

(2) 
4
3

(3) 
3
2

(4) 
1
3

Sol. 1

k.xk-1 k.yk-1  
dy
dx

 = 0

dy
dx

 =–
k 1

x
y


 
 
 

dy
dx

 + 
k 1

x
y


 
 
 

 = 0

k - 1 = 
1
3



k = 1
1
3

  = 
2
3

2. Let  be a root of the  equation x2 + x + 1 = 0 and the matrix A = 
1

3

2

2 4

1 1 1
1
1

 
   
   

, then the matrix

A31 is equal to

; fn l ehdj .k x2 + x + 1 = 0 dk , d ewy gS r Fkk vkO; wg A = 
1

3

2

2 4

1 1 1
1
1

 
   
   

gS] r ks vkO; qg A31 cj kcj  gS

(1) A (2) A3 (3) A2 (4) I3
Sol. 2

A2 = 
2

2

1 1 1
1

1
3

1

 
   
   

2

2

1 1 1
1
1

 
   
   

 = 

1 0 0
0 0 1
0 1 0

 
 
 
  

 A4 = 1
 A31 = A28 × A3 = A3

3. Let  and  be two real roots of the equation (k + 1)tan2x - 2 . tanx = (1 - k), where k( - 1)
and  are real numbers. if tan2 () = 50, then a value of  is:

ekuk l ehdj .k (k + 1)tan2x - 2 . tanx = (1 - k),k( - 1),R) ds  r Fkk  nks okLr fod ewy gSaA ; fn tan2

() = 50 gS] r ks dk , d eku gSa &

(1) 5 (2) 10 (3) 10 2 (4) 5 2



Sol. 2

(k + 1) tan2x - 2  tanx + (k - 1) = 0

tan + tan = 
2

k 1




tan × tan = 
k 1
k 1



tan( + ) = 

2
2k 1

k 1 2 21
k 1


   






tan2 ( + ) = 
2

2


 = 50

 = 10

4. A vector ˆˆ ˆa ai 2j k   


( R) lies in the plane of the vectors, ˆ ˆb i j 


 and ˆˆ ˆc i j 4k  


. If a


bisects the angle between b

 and c

 , then:

, d l fn' k ˆˆ ˆa ai 2j k   


( R) ml  l er y esa] ft l esa nksuksa l fn' k ˆ ˆb i j 


 r Fkk ˆˆ ˆc i j 4k  


 fLFkr  gS] fLFkr

gS]A ; fn  a
  l fn' kksa b


 vkSj  c

  ds chp ds dks.k dks l ef} Hkkft r  dj r k gS r ks %

(1) a
 . î  + 1 = 0 (2) a

 . k̂  + 2 = 0

(3) a
 . î  + 3 = 0 (4) a

 . k̂  + 4 = 0
Sol. 2

angle bisector can be a
  = a

  = (b

 + c

 ) or a
  = (b


 - c
 )

a
  = 

ˆˆ ˆ ˆ ˆi j i j 4k

2 3 2 3 2

    
    
 

 ˆˆ ˆ ˆ ˆ[3i 3j i j 4k]     = 
3 2


ˆˆ ˆ[4i 2j 4k] 

compare with a
  =  î  + 2 ĵ  +  k̂

2

3 2


 = 2   = 3 2

a
  = ˆˆ ˆ4i 2j 4k 

Not in option so now consider a
  = 

ˆˆ ˆ ˆ ˆi j i j 4k

2 3 2

   
  

 

a
  = 

3 2

  ̂ˆ ˆ ˆ ˆ3i 3j i j 4k   

 = 
3 2


  ˆˆ ˆ2i 4j 4k 



compare with  a
  =  î  + 2 ĵ  +  k̂

4

3 2


 = 2  = 

3 2
2

  a
  = î  + 2 ĵ  –  k̂

a
 . k̂  + 2 =0

5. If Re
z 1
2z i
 

  
 = 1, where z = x + iy, then the point (x, y) lies on a:

; fn Re
z 1
2z i
 

  
 = 1, t gk¡ z = x + iy, r ks fcUnq (x, y) fLFkr  gS :

(1) straight line whose slope is 
3
2

. (2) circle whose center is  
1 3

,
2 2

   
 

.

(3) circle whose diameter is 
5
2

(4) straight line whose slope is 
2
3

 .

(1) , d l j y  j s[ kk i j ] ft l dk <ky  
3
2

 gSA (2) , d òr  i j ] ft l dk dsUnz fcUnq 
1 3

,
2 2

   
 

.

(3) , d òÙk i j ] ft l dk O; kl  
5
2

 gSA (4) , d l j y  j s[ kk i j ] ft l dk <ky  
2
3

  gSS.

Sol. 3
z = x + iy

z 1 (x 1) iy
2z i 2(x iy) i
        

 = 
(x 1) iy

2x (2y 1)i
 
   × 

2x (2y 1)i
2x (2y 1)i

 
 

Re 
z 1
2z i
 

  
 = 2 2

2x(x 1) y(2y 1)
1

(2x) (2y 1)
  


 

 2x2 + 2y2 - 2x + y = 4x2 + 4y2 + 4y + 1
 2x2 + 2y2 + 2x + 3y + 1 = 0

 x2 + y2 - x + 
3
2

y + 
1
2

 = 0

Cricle with center 
1 3

,
2 4

   
 

r = 
1 9 1 4 9 8 5
4 16 2 16 4

 
   

6. Total number of 6-digit numbers in which only and all the five digits 1, 3, 5, 7 and 9 appear, is:
N% vadksa okyh l Hkh l a[ ; kvksa dh dqy l a[ ; k ft uesa dsoy r Fkk l Hkh i k¡p vad 1, 3, 5, 7 vkSj  9 gh gksa] gS:

(1) 
1

(6!)
2

(2) 6! (3) 
5

(6!)
2

(4) 56



Sol. 3
1, 3, 5, 7, 9
For digit to repeat we have 5C1 choices

and six digits can be arranged in 
6
2  ways.

Hence total such numbers = 
56
2  = 

5.6!
2

7. If y = mx + 4 is a tangent to both the parabolas, y2 = 4x and x2 = 2by, then b is equal to:
; fn y = mx + 4 nksuks i j oy; ksa, y2 = 4x r Fkk x2 = 2by dks Li ' kZ dj r h gS] r ks b cj kcj  gS :
(1) 128 (2) -32 (3) -128 (4) -64

Sol. 3
y = mx + 4 .....(i)

y2 = 4x tangent y = mx + 
a
m

  y = mx + 
1
m

........(ii)

from (i) and (ii)

4 = 
1
m

  m = 
1
4

So line y = 
1
4

x + 4 is also tangent to parabola x2 = 2by, so solvee

x2 = 2b 
x 16

4
 

 
 

 2x2 - bx - 16b = 0  d = 0

 b2 - 4 × 2 × (-16b) = 0    b2 + 32 × 4b = 0
b = -128, b = 0 (not possible)

8. If the distance between the foci of an ellipse is 6 and the distance between its directrices is 12,
then the length of its latus rectum is:
; fn , d nh?kZòÙk dh ukfHk; ksa ds chp dh nwj h 6 gS r Fkk bl dh fu; r kvksa ds chp dh nwj h 12 gS] r ks bl dh ukfHkyEc t hok dh
yEckbZ gS %

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

2
(4) 3

Sol. 1

2ae = 6 and
2a

12
e



 ae = 3 and
a

6
e


 a2 = 18
 b2 = a2 - a2e2 = 18 - 9 = 9

 L.R. = 
22b 2 9

3 2
a 3 2


 



9. The area of the region, enclosed by the circle x2 + y2 = 2 which is not common to the region
bounded by the parabola y2 = x and the straight line y = x, is:
òÙk x2 + y2 = 2 } kj k i fj c)  {ks=k dk og {ks=kQy t ks i j oy;  y2 = x r Fkk l j y  j s[ kk y = x } kj k i fj c)  {ks=k esa ugh gS] gSS

(1)
1
3

(6 - 1) (2) 
1
6

(12 - 1) (3) 
1
3

(12 - 1) (4) 
1
6

(24 - 1)

Sol. 2
Total area - enclosed area

1

0

2 x x dx    

13 /2 2

0

2x x
2

3 2
 

   
 

2 1 1 12 1
2 2

3 2 6 6
             

   

10. An unbiased coin is tossed 5 times. Suppose that a variable X is assigned the value of k when k
consecutive heads are obtained for k = 3, 4, 5, otherwise X takes the value -1. Then the expected
value of X, is:
, d vufHkur  fl Dds dks i k¡p ckj  mNkyk t kr k gSaA ekuk] , d pj  X dks] k = 3, 4, 5 ds fy, , eku k fn; k t kr k gS t c fl Dds
i j  Øekxr  k fpr  vk, a r Fkk vU;  l Hkh fLFkfr ; ksa esa X dk eku –1 gS] r ks X dk vi sf{kr  eku gSA

(1) 
1
8

(2) 
3

16
 (3) 

3
16

(4) 
1
8



Sol. 1

K 0 1 2 3 4 5 
P(k) 1

32
 12

32
 11

32
 5

32
 2

32
 1

32
 

 

k = no. of times head occur consecutively
 now expected value is

= 
1 12 11 5 2 1 1

xP(k) ( 1) ( 1) ( 1) 3 4 5
32 32 32 32 32 32 8

               



11. Let the function, ƒ:[-7, 0] R be continuous on [-7,0] and differentiable on (-7, 0). If ƒ(-7) = -
3 and ƒ'(x)  2, for all x(-7,0), then for all such functions ƒ, ƒ(-1) + ƒ(0) lies in the interval:\
ekuk Qyu ƒ:[-7, 0] R, [-7,0] i j  l ar r  gS r Fkk (-7, 0) i j  vodyuh;  gSA ; fn ƒ(-7) = -3 vkSj  l Hkh x(-7,0)
ds fy, ] ƒ'(x)  2 gS, r ks , sl s l Hkh Qyuksa ƒ ds fy ,  ƒ(-1) + ƒ(0) ft l  vUr j ky esa gS] og gS %
(1) (-, 20] (2) [-3, 11] (3) (-, 11] (4) [-6, 20]

Sol. 1
Lets use LMVT for x  [-7, -1]

f( 1) f( 7)
2

( 1 7)
  


 

 
f( 1) 3

2
6

 
   f(-1)  9

Also use LMVT for x [-7,0]

f(0) f( 7)
2

(0 7)
 




f(0) 3
2

7


   f(0)  11

 f(0) + f(-1)  20

12. The greatest positive integer k, for which 49k + 1 is a factor of the sum 49125 + 49124 +..... + 492

+49+ 1, is:
l cl s cM+h /ku i w.kkZad l a[ ; k k, ft l ds fy ,  49k + 1 ; ksxQy  49125 + 49124 +..... + 492 +49+ 1, dk , d xq.ku[ kaM
gS] gS :
(1) 32 (2) 63 (3) 60 (4) 65

Sol. 2

   3 63126 (49) 1 49 1(49) 1
48 48

  


13. If g(x) = x2 + x - 1 and (goƒ) (x) = 4x2 - 10x + 5, then ƒ
5
4

 
 
 

 is equal to:

; fn g(x) = x2 + x - 1 r Fkk (goƒ) (x) = 4x2 - 10x + 5, r ks ƒ
5
4

 
 
 

 cj kcj  gS :

(1) 
1
2

 (2) 
3
2

(3) 
3
2

 (4)
1
2

Sol. 1
g(f(x)) = f2(x) + f(x) - 1

2
5 5 5 5

g f 4 10. 5
4 4 4 4

            
    

25 5 5
g f f f 1

4 4 4
              
      



25 5
f f 1

4 4 4
         

   

2 5 1
f f 0

4 4 4
        

   

2
5 1

f 0
4 2

      
  

5 1
f

4 2
    
 

14. Let P be a plane passing through the points (2, 1, 0), (4, 1, 1) and (5, 0, 1) and R be any point
(2, 1, 6). Then the image of R in the plane P is:
; fn , d l er y P r hu fcUnqvksa (2, 1, 0), (4, 1, 1) vkSj  (5, 0, 1) l s gksdj  t kr k gS] r Fkk dksbZ vkSj  fcUnq R (2, 1, 6)
gS] r ks l er y P esa R dk i zfr fcEc (image) gS :
(1) (6, 5, - 2) (2) (4, 3, 2) (3) (6, 5, 2) (4) (3, 4, -2)

Sol. 1

Plane is x + y - 2z = 3  
x 2 y 1 z 6 2(2 1 12 3)

1 1 2 6
      

  


 (x, y, z) = (6, 5, -2)

15. If ƒ(a + b + 1 - x) = ƒ(x), for all x, where a and b are fixed positive real numbers, then

 b

a

1
x ƒ(x) ƒ(x 1) dx

a b
 

   is equal to:

; fn l Hkh x ds fy, ] ƒ(a + b + 1 - x) = ƒ(x) gS, t cfd a r Fkk b fLFkj  (fixed) /ku okLr fod l a[ ; k, ¡ gSa] r ks

 b

a

1
x ƒ(x) ƒ(x 1) dx

a b
 

   cj kcj  gS %

(1) 
b 1

a 1
ƒ(x)dx



 (2) 
b 1

a 1
ƒ(x)dx



 (3) 
b 1

a 1
ƒ(x 1)dx




 (4) 

b 1

a 1
ƒ(x 1)dx






Sol. 3

 I = 
b

a

1
x[f(x) f(x 1)]dx

(a b)
 

  .....(i)

x  a + b - x

I = 
b

a

1
(a b x)[f(a b x) f(a b 1 x)]dx

(a b)
       

 

I = 
b

a

1
(a b x)[f(x 1) f(x)]dx

(a b)
   

  ....(ii)

[ put x  x + 1 in given equation]
(i) + (ii)



2I = 
b

a

[f(x 1) f(x)]dx 

2I = 
b b

a a

f(x 1)dx f(x)dx  

b b

a a

f(a b 1 x)dx f(x)dx    

2I = 
b

a

2 f(x)dx

16. If the system of linear equations
2x + 2ay + az = 0
2x + 3by + bz = 0
2x + 4cy + cz = 0,
where a, b, c R are non-zero distinct; has a non-zero solution, then:

(1) 
1 1 1

, ,
a b c

 are in A.P.. (2) a + b + c = 0

(3) a,b,c are in A.P. (4) a, b, c are in G.P.
; fn fuEu j Sf[ kd l ehdj .k fudk;
2x + 2ay + az = 0
2x + 3by + bz = 0
2x + 4cy + cz = 0,
t gk¡ a, b, r Fkk c fofHkUu ' kwU; sr j  okLr fod l a[ ; k, ¡ gS dk , d ' kwU; sr j  gy gS] r ks %&

(1) 
1 1 1

, ,
a b c

 l ekUr j  Js<+h esa gSA (2) a + b + c = 0

(3) a,b,c l ekUr j  Js<+h esa gSA (4) a, b, c xq.kksÙkj  Js<+h esa gSA
Sol. 1

For non - trivial solution

2 2a a
2 3b b 0
2 4c c



1 2a a
1 3b b 0
1 4c c



(3bc - 4bc) - (2ac - 4ac) + (2ab - 3ab) = 0
- bc + 2ac - ab = 0
a, b, c in H.P.

 
1 1 1

, ,
a b c

 are in A.P..



17. If 2 2

tan cot 1 3
y( ) 2 , ,

41 tan sin
                   

, then 
dy
d

 at  = 
5
6


 is:

; fn 2 2

tan cot 1 3
y( ) 2 , ,

41 tan sin
                   

,  gS] r ks   = 
5
6


 i j  
dy
d

dk eku gS %

(1) 
4
3

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



Sol. 3

y = 
2

2

2cos 1
sin cos sin




  
 = 22cot cosec    = |1+cot| = -1 -1cot

2dy
cosec

d
 


    

dy 5
at

d 6
     

 will be = 4

18. If y = y(x) is the solution of the differential equation, ey 
dy

1
dx

 
 
 

 = ex such that y(0) = 0, then

y(1) is equal to:

; fn vodyu l ehdj .k] ey 
dy

1
dx

 
 
 

 = ex, t cfd y(0) = 0, dk gy y=y(x) gS] r ks y(1) cj kcj  gS:

(1) 1 +  loge2 (2) loge2 (3) 2 + loge2 (4) 2e
Sol. 1

ey = t

ey 
dy
dx

 = 
dt
dx

dt
dx

 - t = ex

IF = 1dx xe e
  

t(e-x) = x xe .e dx
ey-x = x + c
Put x = 0, y = 0 then C = 1
ey-x = x + 1
y = x - log (x - 1)
at x = 1 , y = 1 + loge(2)

19. The logical statement (p  q)  ( q  ~p) is equivalent to:
r dZl axr  dFku (p  q)  ( q  ~p) fuEu dFkuksa esa l s fdl ds r qY;  gS \
(1) p (2) q (3) ~p (4) ~q

Sol. 3



p q p q ~p q~p (pq) (p~q)
T T T F F F
T F F F T F
F T T T T T
F F T T T T

Ciearly (p  q)  (q  ~p) is equivalent to ~p

20. Five numbers are in A.P. whose sum is 25 and product is 2520. If one of these five numbers is

1
2

 , then the greatest number amongst them is:

i k¡p l a[ ; k, ¡ l ekUr j  Js<+h esa gS] ft udk ; ksxQy 25 r Fkk xq.kuQy 2520 gSA ; fn bu i k¡p l a[ ; kvksa esa l s , d 
1
2

  gS, r ks buesa

l cl s cM+h l a[ ; k gS

(1) 16 (2) 7 (3) 
21
2

(4) 27

Sol. 1
Let terms be a - 2d, a, a - d, a + d, a + 2d
sum = 25  5a = 25   a = 5
product = 2520
(5 - 2d) (5 - d) + 5 (5 + d) ( 5 + 2d) = 2520
 (25-4d2) (25 - d2 = 504
 625 - 100d2 - 25d2 + 4d4 = 504
 4d4 - 125d2 + 121 = 0
 4d4 - 121d2 - 4d2 + 121 = 0
 (d2 -1) (4d2 - 121) = 0

 d = ±1, d = ±
11
2

d = ±1, does not give 
1
2


 as a term

 d = 
11
2

 largest term = 5 + 2d = 5 + 11 = 16

21. If the sum of the coefficients of all even powers of x in the product (1 + x + x2 + ....+x2n) (1 - x
+ x2 - x3 + ......x2n) is 61, then n is equal to _______.
; fn xq.kuQy (1 + x + x2 + ....+x2n) (1 - x + x2 - x3 + ......x2n) esa] x ds l Hkh l e?kkr ksa okys xq.kkadks dk ; ksxQy
61 gS] r ks n cj kcj  gS _______.

Sol. 30
Sol. 30

Let (1 - x + x2.....) ( 1 + x + x2......) = a0 + a1x + a2x
2 + .........

Put x = 1
1(2n + 1) = a0 + a1 + a2 + ......a2n .....(i)
put x = -1
(2n + 1) × 1 = a0 - a1 + a2 +........a2n ........(ii)
Form (i) and (ii)
4n + 2 = 2(a0 + a2 +....)
 = 2 × 61
 2n + 1 = 61  n = 30



22. Let S be the set of points where the function, ƒ(x) = |2-|x-3|, xR is not differentiable. Then

 
x S

ƒ ƒ(x)

  is equal to_____.

; fn S mu l Hkh fcUnqvksa dk l eqPp;  gS] ft uds fy,  Qyu] ƒ(x) = |2-|x-3|, xR vodyuh;  ugh gS] r ks  
x S

ƒ ƒ(x)



cj kcj  gS_____.
Sol. 3

 f(x) is non differentiable at x = 1, 3, 5

 f f(x) f(f(1)) f(f(3)) f(f(5)   )
 = 1 + 1 + 1
= 3

23. Let A(1, 0), B(6, 2) and C
3

,6
2
 
 
 

 be the vertices of a triangle ABC. If P is a Point inside the triangle

ABC such that the triangles APC, APB and BPC have equal areas, then the length of the line

segment PQ, where Q is the point 
7 1

,
6 3

   
 

, is________.

ekuk A(1, 0), B(6, 2) r Fkk C
3

,6
2
 
 
 

, , d f=kHkqt  ABC ds ' kh"kZ fcUnq gSA ; fn , d fcUnq  P, ABC ds vUnj  bl  i zdkj

gS] fd f=kHkqt ksa APC, APB vkSj  BPC ds {ks=kQy cj kcj  gSa] r ks j s[ kk[ k.M PQ, t cfd fcUnq Q
7 1

,
6 3

   
 

 gS, dh yEc kbZ

gS________.
Sol. 5

P will be centriod of ABC

P = 
17 8

,
6 3

 
 
 

  PQ = 
2

224
3

6
   
 

 = 5

24. If the variance of the first n natural numbers is 10 and the variance of the first m even natural
numbers is 16, then m + n is equal to_____.
; fn i zFke n i zkd r̀  l a[ ; kvksa dk i zl j .k 10 gS vkSj  i zFke m l e&i zkd r̀  l a[ ; kvksa dk i zl j .k 16 gS] r ks m+n cj kcj  gS_____.

Sol. 18

var (1, 2, ......n) = 10  1 +2 +.........+n2 2 2

n
 - 

2
1 2 ........ n

n
   

 
 

 = 10

 
2

(n 1)(2n 1) n 1
10

6 2
     

 
 n2 - 1 = 120  n = 11
var (2, 4, 6........,2m) = 16  var(1, 2,.....m) = 4
 m2 - 1 = 48  m = 7  m + n = 18



25.
x 3 x

x /2 xx 2

3 3 12
lim

3 3



 

 


 is equal to_______.

x 3 x

x /2 xx 2

3 3 12
lim

3 3



 

 


 cj kcj  gS_______.

Sol. 72

Put 
x
23  = t

 

2

2 2 2

x 3 x 3 x 3

2

4t
12 4(t 9)t 4t (3 t) 4 9 63lim lim lim 72

3 1 3( 3 t) 3 3
tt

  

       
  


