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Application of Derivatives (Tangent and Normal)

Application of Derivatives

ELEMENTRY
Q.1 (1)

Velocity, x32v2 

Differentiating with respect to t, we get

dt

dx
.3

dt

dv
v2   v3

dt

dv
v2  

2

3

dt

dv


Hence acceleration is uniform.

Q.2 (1)

Displacements t2t4s 2 

Now velocity 2t8v  and its acceleration

8a 

So 22
2

1
8

dt

ds

2/1t











and

Q.3 (1)

Given that min/ft30dt/dV 3 and ft15r 

;r
3

4
V 3

dt

dr
r4

dt

dV 2
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Q.4 (3)

Given )3x(2y2  .....(i)

Differentiate w.r.t. x,
y

1

dx

dy
2

dx

dy
.y2 

Slope of the normal y

dx

dy

1














Slope of the given line = 2

2y 

From equation (i), x = 5

Required point is (5 –2).

Q.5 (1)

Given curve y23x2  ...(i)

Differentiate w.r.t. x,
dx

dy
20x2  x

dx

dy


Slope of the tangent of the curve x

From the given line, slope 1 , 1x  and from

equation (i), 1y . Co-ordinate of the point is (1,

1).

Q.6 (3)

xcos2y 

At 2
2

2
y,

4
x 


 and xsin.2

dx

dy


2
dx

dy

4/x













 Equation of tangent at 






 
2,

4
is








 


4
x22y

Q.7 (4)

xlogxy   xlog1
dx

dy


The slope of the normal =
xlog1

1

)dx/dy(

1






The slope of the line 3y2x2  is 1.

 1
xlog1

1





 2xlog   2ex 

 2e2y 

 Co-ordinate of the point is )e2,e( 22   .

Q.8 (3)

Slope of the normal =











dx

dy

1

This is parallel to x-axis  0

dx

dy

1










  0

dy

dx


Q.9 (1)
Let the point of contact be (h, k),

where k = h4 . Tangent is )hx(h4ky 3  ,









 3x4

dx

dy


EXERCISES
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It passes through (2, 0),  )h2(h4k 3 

 h = 0 or 8/3 ,  k = 0 or (8/3)4

 Points of contact are (0, 0) and 
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 Equation of tangents are

y = 0 and 
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Q.10 (4)

y4x2  
dx

dy
4x2 


2

x

dx

dy 
  2

dx

dy

)4,4(











.

We know that equation of tangent is,

)xx(
dx

dy
)yy( 1

)y,x(
1

11









  )4x(24y 

 04yx2  .

Q.11 (3)

0ya8x 23   0
dx

dy
.a8x3 22 


dx

dy
.a8x3 22   2

2

a8

x3

dx

dy


 Slope of the normal =











dx

dy

1
=

2

2

a8

x3

1


2

2

x3

a8


Given
3

2

x3

a8
2

2 



 )a,a2()y,x(  .

Q.12 (3)

Length of normal =

2

dx

dy
1y 










Now,

2
cos2

2
cos

2
sin2

cos1

sin

)cos1(a

sina

d/dx

d/dy

dx

dy

2 




















a

2
cos1a]y[1

2
tan

dx

dy
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 Length of normal = a2)1(1a 2 

Q.13 (3) )tsint(ax  , )tcos1(ay 


dy dy / dt a(sin t)

dx dx / dt a(1 cos t)
 


=

2

t
tan

Length of the normal =

2

dx

dy
1y 










= )2/t(tan1)tcos1(a 2 = )2/tsec()tcos1(a 

= )2/t(sec)2/t(sina2 2 = )2/ttan()2/tsin(a2 .

Q.14 (2)

2232 )ax(
by2

3

dx

dy
)ax(3

dx

dy
.by2)ax(by 

 Subnormal =
2)ax(

b2

3

dx

dy
y 

 Subtangent =
2

2

2 )ax(3

by2

by2

)ax(3

y

dx

dy

y















= )ax(
3

2

)ax(3

b

)ax(
b2

2

3






 (Subtangent)2 =
2)ax(

9

4


and 27

b8

)ax(
b2

3

)ax(
9

4

Subnormal

)Subtangent(

2

2
2








 (Subtangent)2 = constant  (Subnormal).

 (Subtangent)2  (Subnormal).

Q.15 (1)

)(sina
d

dy
),cos1(a

d

dx







,1
)cos1(a

sina

d

dx
d

dy

dx

dy

2














ay
2




Length of sub-tangent ST =
y a

a.
dy / dx 1
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and length of sub-normal SN =
dy

y a.1 a
dx

 

Hence SNST  .

Q.16 (1)

For curve x4y2  
y2

4

dx

dy


 1
dx

dy

)2,1(









and for curve

5yx 22  
y

x

dx

dy 


 2

1

dx

dy

)2,1(












 Angle between the curves is

)3(tan

2

1
1

1
2

1

tan 11  








 







Q.17 (4)

2xy   x2m
dx

dy
1 

 1
)1,1(

m2
dx

dy









and 2yx  

dx

dy
y21


y2

1
m

dx

dy
2   2

1

dx

dy

)1,1(










Angle of intersection,
21

21

mm1

mm
tan






=

2

1
21

2

1
2





=
4

3
 )4/3(tan 1

Q.18 (3)

2xy   2x2m
dx

dy
1

)1,1(










23 x3
dx

dy
.6x7y6 

 2

1
m

dx

dy
2

)1,1(










Clearly ,1mm 21  therefore angle of intersection is

2


.

Q.19 (2)

Let 2 xy f (x) x e 


x 2 x x 2dy

2xe x e e (2x x )
dx

     

Hence f '(x) 0 for every  x 0,2 therefore it is

non-decreasing in [0,2].

Q.20 (4)

3 2f (x) 2x 9x 12x 1    

 2f '(x) 6x 18x 12   

To be decreasing f '(x) 0 , i.e., 26x 18x 12 0   

 2x 3x 2 0    (x 2)(x 1) 0  

Therefore either x 2  or x 1 

 x ( 1, )   or ( , 2) 

Q.21 (1)

3
4 3 2x

f (x) x f '(x) 4x x
3

    

For increasing 3 2 24x x 0 x (4x 1) 0    

Therefore, the function is increasing for
1

x
4



Similarly decreasing for
1

x
4

 .

Q.22 (1)

xf (x) 5


x e

e x

log 5
f '(x) 5 log 5

5

   

 f '(x) 0 for all x

i.e., f(x) is decreasing for all x.
Q.23 (3)

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

2 2
    

f '(x) 0 for increasing function

Obviously it is increasing for x
3 3

 
   .

Q.24 (2)

Given 3 2f (x) x x x 4   

This function will be decreasing function when

f '(x) 0

 2 23x 2x 1 0 3x 3x x 1 0       
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 (3x 1)(x 1) 0   ; 3x 1 0   and x 1 0 

1
x

3
  and x 1 :

1
x ,1

3

 
  

 

Q.25 (4) xf (x) (x 2)e 

x xf '(x) e e (x 2)   

xf '(x) e [x 1]  

For increasing, xe (x 1) 0   or xe (x 1) 0  

xe 0  (x 1) 0 

x ( , )   and x ( , 1)  

x ( , 1)   

Hence, the function is increasing in ( , 1) 

For decreasing, xe (x 1) 0   or xe (x 1) 0   ,

x ( 1, )  

Hence the function is decreasing in ( 1, )  .

Q.26 (3)

3 2f (x) x 10x 200x 10   

2f '(x) 3x 20x 200  

For increasing f '(x) 0  23x 20x 200 0  

2 20 200 100 100
3 x x 0

3 3 9 9

 
      

2
10 500

3 x 0
3 9

  
     

   

2
10 500

3 x 0
3 3

 
    

 

Always increasing throughout real line.
Q.27 (4)

The function is monotonic increasing, if f (x) 0 

 2

(2sin x 3cos x)( cos x 6sin x)

(2sin x 3cos x)

  



2

( sin x 6cos x)(2cos x 3sin x)
0

(2sin x 3cos x)

  
 



 2 2 2 23 (sin x cos x) 12(sin x cos x) 0    

 3 12 0    4. 

Q.28 (4) f (x) sin x cos x 

f (x) cos x sin x 2 cos x
4

         
  

= 2 cos x
4

 
 

 

For f (x) decreasing, f (x) 0 

3
x

2 4 2

   
   
 

, (within 0 x 2   ).


3 7

x
4 4

 
  .

Q.29 (2)
log x

f (x)
x



2 2 2

1 log x 1 log x
f (x)

x x x


   

For f (x) to be increasing, f (x) 0 

 1 log x 0   1 log x  e x

 f (x) is increasing in the interval (0,e) .

Q.30 (2)

1
f (x) log(1 x)

x 1
  




2

1 1
f (x)

1 x(x 1)
   



2

1 1
f (x)

x 1 (x 1)

 
    

  

f (x) ve   , when x 0 or f (x) 0  , x 0 

 f (x) is decreasing function.

Q.31 (4)

Let 3f (x) 2x 24x 107  

At 3x 3, f ( 3) 2( 3) 24( 3) 107 125        

At 3x 3, f (3) 2(3) 24(3) 107 89    

For maxima or minima, 2f (x) 6x 24 0   

x 2, 2  

So at 3x 2, f (2) 2(2) 24(2) 107 75    

at 3x 2, f ( 2) 2( 2) 24( 2) 107 139        

Thus the maximum value of the given function in [–
3, 3] is 139.

Q.32 (3)

2f (x) 2x x 1  


1

f '(x) 4x 1 f '(x) 0 x
4

      

f (x) 4 ve   

min

2 1 9
[f ( 1/ 4)] 1

16 4 8


      .
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Q.33 (2)

f (x) cos x cos( 2x) 

f '(x) sin x 2 sin( 2x) 0   

Hence x 0 is the only solution.

f ''(x) cos x 2cos( 2x) 0    at x 0

Hence maxima occurs at x 0 .

Q.34 (1)

Let xy x 
xdy

x (1 log x)
dx

 

For
dy

0
dx

 ; xx (1 log x) 0  

e e

1
1 log x 0 log x log

e
   

For this to be positive, x should be greater than
1

e
.

Q.35 (4)

Here
2x 3x

f (x)
x 1





  

 

2

2

x 2x 3
f x

x 1

 
 



Obviously, it is not derivable at x 1 i.e., in (0,3)

Also f (a) f (b) does not hold for [ 3,0] and [1. 5,

3] Hence the answer is (4).

Q.36 (1)

f (1) f (3) a b 5 3a b 27 a 11         which

is given in option (1) only.

Q.37 (1) 2xf (x) e sin 2x

 2xf (x) 2e (cos2x sin 2x)  

Now, f (c) 0 

 cos 2c sin 2c 0   tan 2c 1  c
8




Q.38 (3)

We know that
f (b) f (a)

f '(c)
b a






0 1 2
f '(c)

/ 2


   

 
.....(i)

But f '(x) sin x f '(c) sin c     ....(ii)

From (i) and (ii), we get

12 2
sin c c sin  

      
  

.

Q.39 (3)

From mean value theorem
f (b) f (a)

f (c)
b a


 



a 0,f (a) 0  
1 3

b ,f (b)
2 8

 

f (x) (x 1)(x 2) x(x 2) x(x 1)       

f (c) (c 1)(c 2) c(c 2) c(c 1)       

= 2 2 2c 3c 2 c 2c c c     

2f (c) 3c 6c 2   

According to mean value theorem,

f (b) f (a)
f (c)

b a


 




2 (3 / 8) 0 3

3c 6c 2
(1/ 2) 0 4


   




2 5

3c 6c 0
4

  

6 36 15 6 21
c

2 3 6

  
 



21
1

6
 

Q.40 (2)

f (b) f (2) 8 24a 10 18 24a     

f (a) f (1) 1 6a 5 6 6a     

2f '(x) 3x 12ax 5  

From Lagrange’s mean value theorem,

f (b) f (a)
f '(x)

b a






18 24a 6 6a

2 1

  




f '(x) 12 18a  

At
7 49 7

x , 3 12a 5 12 18a
4 16 4

      


147

3a 7
16

  
35

3a
16

 
35

a
48



Q.41 (4)

Let xlogx)x(f 2  xxlogx2)x('f 

and 1)xlog1(2)x(f 

Now 1log23)1(f e and elog23)e(f e

)x(f has local minimum at
e

1
, but x lies only in

interval )e,1( so that has not extremum in

Hence neither a point of maximum nor minimum.
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Q.42 (3)

Let 5 4 3f (x) x 5x 5x 1   

 4 3 2f '(x) 5x 20x 15x 0   

(x 3)(x 1) 0    or x 3,1

Now 3 2f (x) 20x 60x 30x   

Put x 3 and 1, we get f '(3) ve   and f (1) ve  

and f (0) 0  . Hence f (x) neither maximum nor

minimum at x = 0

Q.43 (4)

2f '(x) 6x 6x 12  

f '(x) 0 (x 2)(x 1) 0 x 1,2       

Here f (4) 128 48 48 5 37    

f ( 1) 2 3 12 5 12      

f (2) 16 12 24 5 15     

f ( 2) 16 12 24 5 1      

Therefore the maximum value of function is 37 at x 4 .

Q.44 (2)

Let ,  be the roots of the equation

2x (a 2)x a 1 0,    

then a 2, a 1      

2 2 2z ( ) 2        

2 2(a 2) 2(a 1) a 2a 2      

dz
2a 2 0 a 1

da
    

2

2

d z
2 0,

da
  so z has minima at a 1

So 2 2  has least value for a 1 . This is because

we have only one stationary value at which we have

minima. Hence a 1 .

Q.45 (1)

5 4 3y x 5x 5x 10   


4 3 2dy

5x 20x 15x
dx

   2 25x (x 4x 3)  

25x (x 3)(x 1)  

dy
0

dx
 , gives x 0,1,3

Now,
2

3 2
2

d y
20x 60x 30x

dx
   = 210x(2x 6x 3) 

and
3

2
3

d y
10(6x 12x 3)

dx
  

For x 0 :
2 3

2 3

dy d y d y
0, 0, 0

dx dx dx
  

 Neither minimum nor maximum

For
2

2

d y
x 1, 10 negative

dx
    .

 Maximum value max.y 9 

For
2

2

d y
x 3, 90 positive

dx
  

 Minimum value min.y 37 

Q.46 (2)

Let
2

2

x x 1
y

x x 1

 


 


2 2

2 2

dy (x x 1)(2x 1) (x x 1)(2x 1)

dx (x x 1)

      


 


2

2 2

dy 2x 2
0

dx (x x 1)


 

 


22x 2 0   x 1, 1  

2 3

2 2

d y 4( x 3x 1)

dx x x 1

  


 

At x 1  ,
2

2

d y
0,

dx
 the function will occupy

maximum value,  f ( 1) 3  and at x = 1
2

2

d y
0,

dx


the function will occupy minimum value 
1

f (1)
3

 .

Q.47 (4)

Let
log x

y
x




2

1
x. log x

dy x
dx x


 2

1 log x

x




2

1 log x

x




Put 2

dy 1 log x
0 0

dx x


  

 1 log x 0   x e and

2

2 4

d y 3x 2x log x

dx x

 


At x e ,
2

2 3

d y 1
0

dx e
 


 In [2, ) the function log x

x
will be maximum and

minimum value does not exist.
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Q.48 (3)

Let the positive number
1

x
x

 
 

 
will be minimum,

when
dy

0
dx

 and
2

2

d y
0

dx
 .

Differentiate with respect to x, we have 2

1
1 0

x
 

 x 1,1  and
2

2 3

d y 2

dx x
  

2

2
x 1

d y
0

dx


 
  

 

So, at
1

x 1, x
x

 
  

 
will be minimum.

Q.49 (3)

2

x
f (x)

4 x x


 

Differentiate,
2

2 2

4 x x x(1 2x)
f (x)

(4 x x )

   
 

 

For maximum f '(x) 0 

2

2 2

4 x
0

(4 x x )




 

 x 2, 2 

Both values of x are out of interval


1 1

f ( 1)
4 1 1 4

 
  

 
,

1 1
f (1)

4 1 1 6
 

 
(maximum).

Q.50 (1)

3 2f (x) 2x 15x 36x 4   

2f (x) 6x 30x 36    …..(i)

We know that for its maximum value

f (x) 0.  26x 30x 36 0    (x 2)(x 3) 0  

 x 2,3.

Again differentiating equation (i), we get

f (x) 12x 30  

 f (2) 24 30 6 0     

Therefore f (x) is maximum at x 2.

Q.51 (2)

3 2f (x) 2x 3x 12x 4   

2f (x) 6x 6x 12   

Now f (x) 0   2x x 2 0    x 2, 1 

Now f (x) 12x 6    f (2) ve   ,

f ( 1) ve   

Given function has one maximum and one
minimum.

Q.52 (3)

xf (x) y x   log y x log x 

Differentiating w.r.t. x,
1 dy 1

. x. log x
y dx x

 
    


1 dy

. [1 log x]
y dx

   
xdy

x [1 log x]
dx

  


xdy 1

x log 1
dx x

  
   

Put
dy

0
dx

  e e

1
log log e

x



1 1

e x
x e
   .

Q.53 (1)

y a (1 cos x)   y a sin x 

 y 0 sin x 0     x 0, 

Now y a cos x   y (0) a  and y ( ) a   

Hence y is maximum when x  

Q.54 (1)

f (x) 2x 3y  when xy 6

18
f (x) 2x 3y 2x

x
   

2

18
f (x) 2 0

x
   

 x 3  and 3

36
f (x) f (3) 0

x
   

Putting x 3  , we get the minimum value to be 12.

Q.55 (2)

Let 2x 2xf (x) 4e 9e 


2x 2xf (x) 8e 18e  

Put 2x 2xf (x) 0 8e 18e 0    

2x 1/2e 3 / 2 x log(3 / 2)  

Again 2x 2xf (x) 16e 36e 0   

Now
1/2 1/21/2 2.(log(3/2) ) 2(log(3/2) )f (log(3 / 2) ) 4e 9e 

=
3 2

4 9
2 3

   = 6 6 12 

Hence minimum value = 12.
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Q.56 (4) x 2y 8  ,
8 x

y
2




Now
2(8 x) x

f (x) xy x. 4x
2 2


   

 f (x) 4 x  

For extremum, f (x) 0 

 x 4 and y = 2.

Also f (x) 1 0   

So, maximum value of xy 4 2 8  

Q.57 (2)

x y 20  and 3z xy

 3 3 4z y (20 y) 20y y   


2 3dz

60y 4y 0
dy

    24y (15 y) 0 

So, either y 0 or y 15

Now,

2
2

2

d z
120y 12y

dy
  ; At

2

2

d z
y 0, 0

dy
 

 y 0 is the point of minima and at

2

2

d z
y 15, 0

dy
 

 y 15 is the point of maxima.

Hence the required parts is (5, 15).

Q.58 (3)

We know that perimeter of a rectangle S 2(x y)  ,

where x and y are adjacent sides


S 2x

y
2


 .

Now area of rectangle,

2x 1
A xy (S 2x) (Sx 2x )

2 2
    

Differentiating w.r.t. x of A, we get

dA 1 S
(S 4x) 0 x

dx 2 4
     and

S
y

4


Again
2

2

d A
ve

dx
 

Hence the area of rectangle will be maximum when
rectangle is a square.

Q.59 (2)

Let diameter of sphere AE 2r
Let radius of cone is x and height is y

 AD y since 2BD AD.DE

D

y

x CB

E

A

or 2x y(2r y)  .....(i)

Volume of cone

2 2 31 1 1
V x y y(2r y)y (2ry y )

3 3 3
       


2dV 1

(4ry 3y )
dy 3

   
dV

0
dy




21

(4ry 3y ) 0
3
    y(4r 3y) 0 


4

y r,0
3



Now

2

2

d V 1
(4r 6y)

3dy
   , put

4
y r

3




2

2

d V 1 4
4r 6 r

3 3dy

 
    

 
= negative value

So, volume of cone is maximum at
4

y r
3




Height

Radius
=

y 4

r 3


Q.60 (2)

Let 17x36x12x)x(f 23 

036x24x3)x('f 2  at 6,2x 

Again 24x6)x(f  is ve at 2x 

So that 49)2(f,17)6(f 

At the end points

177)10(f,42)1(f 

So that )x(f has its maximum value as 177.
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JEE-MAIN
OBJECTIVE QUESTIONS
Q.1 (2)

V = hr
3

1 2 









2

1

4

2

h

r


V =
4

h

3

1 3

 =
3h

12



dt

dh
h

4dt

dV 2


77 × 103 =
4

1

7

22
 × 70 × 70 ×

dt

dh

( 1 litre = 103 c.c.)


dt

dh
= 20 cm/min.

Q.2 (1)

V = r2h

dt

dv
= r2

dt

dh

dt

dh
= 2r

dt/dv


=

1

9
m/min.

Q.3 (1)

y = tan(tan–1 x)
 y = x

x = – x + 2

x + x – 2 = 0

x = 1 x = 1, y = 1

x2

1
–

dx

dy


)1,1(dx

dy
= –

2

1

Slope of normal = 2
Equation of normal is 2x – y =1

Q.4 (3)
y  exy + x = 0

Differentiating w.r.t. to y

1 – exy 0
dy

dx
xy.

dy

dx









 , dy

dx
= 0

1 – xexy = 0, xexy = 1  x = 1 , y = 0

 Point is (1, 0)

Q.5 (4)





d

dx
d

dy

dx

dy
=

)cos1(a

)sin(–a





3
dx

dy




=
3

3–
= –

3

1

tan  = –
3

1
 = –

6



=
6

5

Q.6 (1)
Let the point on parabola P (2t, t2)

y =
4

x2

P

y = x–4

dx

dy
=

4

x2
= t

2

x

)t,t2( 2


slope = 1  t = 1 so P(2, 1)
Q.7 (1)

P
1

: y2 = 8x
C

1
: x2 + (y + 6)2 = 1

y

4

dx

dy
8

dx

dy
y2 

P

x

y

(0,–6)

C
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Equation of normal of parabola
y = mx – 2am – am3

if passes through (0,–6)

 –6 = – 2am – am3

a = 2  3 = 2m + m3

m3 + 2m – 3 = 0  m = 1.

Point on parabola (am2 , – 2am)  (2, –4).

Q.8 (2)

y2 = 4a(x + a sin
a

x
)

Let point P (h, k)

2y y’ = 4a 









a

x
cos1

slope should be equal to zero

cos
a

x
= –1

point will lie on the curves also

k2 = 4a(h + a sin
a

h
) sin

a

h
= 0

k2 = 4ah  y2 = 4ax

Q.9 (4)
x = sec2t y = cot t

dt

dx
= 2 sec2 t tan t

dt

dy
= – cosec2 t

dx

dy
= –

ttantsec2

teccos
2

2

= –
ttan2

tcot2
= –

ttan2

1
3

dx

dy
= –

2

1
P(2, 1)

at t =
4


x

1
= sec2

4


= 2

y
1

= cot
4


= 1

y – 1 = –
2

1
(x – 2) curve

2y – 2 = – x + 2 x = 1 + tan2 t

2y + x = 4
x = 1 + 2y

1

Let Q(x
1
, y

1
)

Solve tangent with curve equation

4 – 2y = 1 + 2y

1

y = 1, –
2

1

y = –
2

1
 x = 5

Q (5, –
2

1
)

P(2, 1)

PQ =
2

3
5

Q.10 (2)

x2 + y2 – 2x – 3 = 0

2x + 2y
dx

dy
– 2 = 0

dx

dy
=

p1

1

p
y2

x22

y2

x22 




2 – 2x
1

= 0

x
1

= 1
1 + y

1
2 – 2 – 3 = 0

y
1

2 = 4

y
1

= ± 2
Two points (1, 2) and (1, –2)

Q.11 (2)

3x + 4y = c
2

x4

= x + y

y = –
4

3
x +

4

c

2

x4 3

= 1 + y’

c = 3x
1

+ 4y
1

y’ = 2x3 – 1

=
2

3
–

32

60
2x

1
3 – 1 = –

4

3

c = –
32

12
2x

1
3 =

4

1

unique value of c

x
1

=
2

1

y
1

=
2

x 4
1 – x

1

= 23

1
–

2

1
= –

32

15

Q.12 (2)
x2y = 1 – y

xy = 1 – y
x2y = xy
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x2y – xy = 0
xy (x – 1) = 0
xy = 0 & x = 1

y = 1/2
x = 0 y = 1
POI P(1, 1/2)

y = 0 0 = 1 not possible Q(0,
1)
x2y = 1 – y

2xy + x2y’ = – y’

y’ =
2

1

11

)2/1()1(2

x1

xy2

p
2











y’ |
Q

= 0

at P tangent y –
2

1
= –

2

1
(x – 1) ....(1)

at Q tangent y – 1 = 0  y = 1 ....(2)
Intarsection of (1) & (2)

2

1
= –

2

1
(x – 1)

x – 1 = –1
x = 0
POI (0, 1)

Q.13 (1)

L.N. = y 2y1 

L.N. =
y

y
2y1 

2

2

)T.L(

.)N.L(
= y2

Also
T.S.L

N.S.L
=





y

y

yy
= y2

Q.14 (2)

y =
2

a
(ex/a + e–x/a) P(x

1
, y

1
)

dx

dy
=

2

a

p

a/xa/x e
a

1
e

a

1








 

dx

dy
=

2

1  1 1x /a x /ae e

L
N

= y
1

2m1

=
2

a
)ee( a/xax 11 

2a/xa/x )ee(
4

1
1 11 

a × L
N

=
2

a
)ee( a/xa/x 11 

2

a
)ee( a/xa/x 11 

a × L
N

= y
1

2

y
1

2 = a × L
N

quantity = a

Q.15 (2)
Subtangent = Subnormal

L
ST

= L
SN

m

y1 = y
1
m

m2 = 1

L
T

=
m

m1y 2
1 

= y
1

2

= 2 y
1

= 2 ordinate

Q.16 (2)
x3 + pxy2 = – 2 ; 3x2y – y3 = 2
3x2 + P(y2 + 2xyy’) = 0 ; 6xy + 3x2y’ – 3y2y’ = 0

m
1

= y’ =
pxy2

pyx3 22




, m

2
= y’ = – 22 y3x3

xy2



m
1

× m
2

= – 1

pxy2

)pyx3( 22




× 1

)y3x3(

)xy6(
22






p

3

)y3x3(

)pyx3(
22

22




= – 1

p = –3 only possible
Q.17 (2)

2

2

a

x
– 2

2

b

y
=

2a

x2
–

2

2yy '

b
= 0 y + xy’ = 0

m
1

= y’ = 2

2

a

b

y

x

m
2

= y’ = –
x

y

m
1

× m
2

= – 1

2

2

a

b

1

1

y

x
× 










1

1

x

y
= – 1

b2 = a2

Q.18 (1)

y = x2 – 5x + 6
y = (x – 2) (x – 3)

2
P

3
Q

dx

dy
= 2x – 5

m
1

=
P

dy
1

dx
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m
2

=
Q

dy
1

dx


tan  = 









11

11

mm1

mm

21

21

 =
2



Q.19 (1)

dx

dy
 0  x  R

a + 2 < 0, D 0

a + 2 < 0, a (a + 3) 0
a – 3

Q.20 (3)
Let z = x3

y = 6x2 + 15 x + 5

dx

dy
> 1

2x3

15x12 
– 1 > 0

2

2

x3

x3–15x12 
> 0

x

5–x4–x2

< 0  0
x

)5x)(1x(
2




+ – – +

–1 0 5

x  (– 1, 5)

Q.21 (3)

f(x) = 2x

|1–x|

x  1 f(x) = 2x

1–x
=

x

1
– 2x

1

f'(x) = – 2x

1
+ x

2
= – 3x

)2–x(

0 2
1

+– –

x  (2, ) decreasing

x < 1 f(x) = 2x

x–1

f'(x) = 3x

2–x

0 2
1

+ – +

x  (0, 1)
x  (0, 1)  (2, ) decreasing

Q.22 (4)
f(x) = xnx – x + 1 D

f
: x  R+

f '(x) = nx + 1 – 1
x = 1 Critical point

+–

0 1

If x  (0, 1) f is ing

f(1) > f(x) > f(0)  0 > f(x)> 1 positive
If x  (1, ) & is ing

f(x) > f(1)  0)x(f 

Q.23 (4)

(na) h(x) = n f(x) g(x)

–a–x

ax

= n |x| |x|{a sgn x} [a sgn x][a ]

= n
|x|a sgnxa

(n a) h(x) = a|x| sgn x (n a)
h(x) = a |x| sgn x

h(x) = ax x > 0
= 0 x = 0
= – a–x x < 0

h is odd and ing.
Q.24 (4)

Given that f(x) f ’(x) < 0

f(x) f '(x) < 0

f(x) f(x) > 0

–f(x) f(x) < 0

y = |f(x)|

f'(x) f(x) > 0 ...(1)

–f'(x) f(x) < 0 ...(2)

y' =
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(1) f(x) > 0, f '(x) < 0 decreasing
(2) f(x) < 0, f '(x) > 0, but y' < 0
so |f(x)| is decreasing function.

Q.25 (3)
For x  (a, b)

dx

dy
  2

2

dx

yd
> 0

0
dx

dy
 0

dx

dy


a bc

0
dx

dy


either
dx

dy
< 0  2

2

dx

yd
> 0

dx

dy
> 0  2

2

dx

yd
> 0

Q.26 (3)
f(x) = 2 – |x + 1|

From figure it is clear that greatest, least values
are respectively 2, 0

Q.27 (4)
f(1) = 1 – 1 + 10 – 5 = 5

for greatest value at x = 1
f( 1+)  f(1) b2 – 2 > 0

–2 + log
2

(b2 – 2)  5 ; b > 2 or b < – 2

log
2

(b2 – 2)  7

b2 – 2  27

b2  130

– 130  b  130

final answer b  [– 130 , – 2 )  ( 2 , 130 ]

Q.28 (4)

f(x) = sin 2x – x ,
2 2

  
 
 

f ’(x) = 2 cos 2x – 1 = 0

cos 2x =
2

1

2x =
3


, –

3



x =
6


, –

6



f 








2

x
= –

2


f 










6

x
= –

2

1
+

6



f 









2

x
=

2


f 









6

x
=

2

1
–

6



Diff =
2


–

2

 
 
 

= 

Q.29 (2)

Let f(x) = n (1 + x) – x D
f
: 1–x 

f '(x) =
x1

1


– 1 =

x1

x





+ –

0–1

–
–1 O

In x  (–1, 0) f is ing
f(x)  f(0)

f(x)  0

In x  (0, ) f is ing.

O

f(x)  f(0)
f(x)  0

Q.30 (1)

f(x) = x3 – 6x2 + ax + b
f(x) satisfies condition in Rolle's theorem on [1,
3]

f(1) = f(3)
1 – 6 + a + b = 27 – 54 + 3a + b
2a = 22

a = 11
andb  R.

Q.31 (3)
f (x) = 0  x = – 2, 3
x = – 2 (–3, 0)

 c = – 2
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Q.32 (2)
f(x) = (x – 4) (x – 5) (x – 6) (x – 7)

4 5 6 7 x

y

This curve f(x) cutting, y = 0 curve four times

then in between [4, 7] there will be three points where
f’(x) = 0 by rolle's therm.
Alter:

f’(x) = (x – 5) (x – 6) (x – 7) +(x – 4) (x – 6) (x – 7)
+ (x – 4) (x – 5) (x – 7) + (x – 4) (x – 5) (x – 6)
f’(4) < 0

f’ (5) > 0
f’ (6) < 0
f’ (7) > 0

by L.M.V.T. we can say that is [4, 5] one root

Q.33 (2)

f(0) = 2, g(0) = 0, f(1) = 6, g(1) = 2
(1) h(x) = f'(x) – g(x)
h (0) = f (0) – g(0) = 2 wrong

h(1) = f(1) – g(1) = 6 – 2 = 4
(2) h(x) = f(x) – 2g(x)

h(0) = f(0) – 2g (0) = 2 right`
h(1) = f(1) – 2g(1) = 6 – 4 = 2

Q.34 (2)

1
2

0

(3x 4ax b) dx 0   By LMVT

x3 + 2ax2 + bx |
0
1 = 0  1 + 2a + b = 0

Q.35 (3)
(1) f(0) = 0

f(1) = 0 Rolle's Thrm. is applicable

(3) f '(3) =
33

)3(–f–)3(f



ec =
6

e–e 3–3

ec = 3

6

e6

1–e

c = n 











 

3e6

1–e
= n (e6 – 1) – n6 – 3

Q.36 (4)
(1) LMVT
(2) LMVT

(3) f(0) = –2
f(1) = 4 – 5 + 1 – 2 = – 2
Not applicable

Q.37 (3)
f (x) = (2 2 + 42x2 + 62 x4 +...... + 1002 x98) x

Minimum at x = 0

Q.38 (1)

f(x) = sinx cos x (3 sin x + 2)
f(x) = 0

 sin x = 0 or cos x = 0 or sin x =
3

2– 

 x = 0 or sin x =
3

2– 
(as cos x = 0 is not

possible).
If = 0 then f(x) 0 no extrema,

hence 0

 – 1 <
3

2– 
< 0 or 0 <

3

2– 
< 1

 0 < <
2

3
or –

2

3
<  < 0

Q.39 (2)

f(x) = tan–1 x , | x | <
2



2


– | x | , | x | 

2



2



2


–

2/

2/–

x = –
2


is maxima

Q.40 (3)

f(x) = x3 – 3px2 + 3(p2 – 1) x + 1
f ’(x) = 3x2 – 6px + 3(p2 – 1) = 0

–1 3

x = p – 1 & p + 1
p + 1 > p – 1
so p –1 > –2 & p + 1 < 4
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p > –1 & p < 3
p (–1, 3)

Q.41 (2)

f(x) =
x

a
+ 2bx + 1

f(– 1) = 0

– a – 2b + 1 = 0
a + 2b = 1
f(2) = 0

2

a
+ 4b + 1 = 0 a + 8b + 2 = 0

– 6b = 3 b =
2

1–
, a = 2

Q.42 (1)
Let y = ax2 + bx + c

A : 3 = 4a – 2b + c ....(1)
B : 1 = a – b + c ....(2)

A
(–2,3)

D (2,7)

C (x ,x +x +1)0 0 0

2B
(–1,1)

C : 7 = 4a + 2b + c ....(3)
b = 1 = a = c

y = x2 + x + 1
Method (1) Make determinant using area of BCD
then diff with respect to x

0

Method (2) Area will be maximum if tangent at C will
be parallel to BD

dx

dy
= 2x

0
+ 1 = 













12

17

2x
0

+ 1 = 2
x

0
= 1/2

y =
4

1
+

2

1
+1 =

4

421 
=

4

7

point 








4

7
,

2

1

Q.43 (4)
f(x) = x25 (1 – x)75

f ’(x) = 25x24 (1 – x)75 – 75x25 (1 – x)74 = 0

–+

1/4

x = 1/4

x = 1/4 maxima

Q.44 (3)
f(x) = xx f(x) = x–x

f ’(x) = xx(1 + n x) f ’(x) = – x–x (1 + n x)

1 + n x = 0 x = 1/e
x = 1/e

– +

1/e

–+

1/e

1/e  minima
1/e  maxima

min. value =

e/1

e

1








f 









e

1
= e1/e

product = (e–1/e) (e)1/e = 1

Q.45 (4)

max. value at 









2

1
x

= 1 +
2

1
=

2

3
2

1
x= x=1 (2,0)

y=(2–x)

y=
xy=

x+
1

(0,2)

Q.46 (1)

x = 1 local maxima

1

1 2/

Q.47 (2)
f(x) = {x}

1 2 3 4 5 6

x = 5 is minima
Q.48 (2)

f(x) = x3 + ax2 – 9x + b
f ’(x) = 3x2 + 2ax – 9
f ’(1) = 0  3 + 2a – 9 = 0  a = 3
f ’(x) = 3x2 + 6x – 9 = 0  x = 1, x = –3
f(1) > 0 f(–3) > 0
1 + 3 – 9 + b > 0 –27 + 27 + 27 + b > 0

b > 5 b > 27

b > 5

b = 6

(a, b) = (3, 6)

Q.49 (2)

f’(x) = 3/2)1x(3

1


– 2/3

1

3(x 1)
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f’(x) = 0  x = 0
f(0) = 1 + 1 = 2
f(1) = 21/3

max. value = 2

Q.50 (2)
f(x) = x3 – 3x [0, 2]

f ’(x) = 3x2 – 3 = 0 x = ± 1
f(1) = 1 – 3 = –2
f(–1) = –1 + 3 = 2 (reject)

f(0) = 0
f(2) = 8 – 6 = 2
max. value = 2

Q.51 (4)

f(x) =
2

x
+

x

2

f ’(x) =
2

1
– 2x

2
= 0  x = ±2

+ – +

–2 2
x = 2 is minima
Aliter Approach AM  GM

2
x

2

2

x


>
x

2

2

x
 ,

2

x
+

x

2
 2

min. value = 2

It is possible only when x = 2

Q.52 (3)
f(x) = (x – p)2 + (x – q)2 + (x – r)2

f '(x) = 2(x – p) + 2(x – q) + 2(x – r) = 0

 x =
p q r

3

 

f ''(x) = 2 + 2 + 2 > 0

x =
3

rqp 
is minima

Q.53 (2)

Given equation 2

2

a

x
+

4

y2

= 1

Let point P (a cos , 2 sin ) on curve
Distance is d form (0, –2)
z = d2 = a2 cos2  + 4 (1 + sin )2

d

dz
= – 2 a2 cos  sin  + 8(1 + sin ) cos  = (4 – a2)

sin 2 + 8 cos 

d

dz
= 0

 sin  =
4a

4
2 

=














1

4

a

1
2

> 1 as 1 <
4

a2

< 2

(reject)

cos  = 0   =
2

x

2

2

d

zd


= (4 – a2) 2 cos 2 – 8 sin  if  =

2

x
= 2(a2 –

8) < 0

Means  =
2


will be maxima so point P(0, 2)

Q.54 (3)
f(x) = 2x3 – 9ax2 + 12a2x + 1 a > 0
f ’(x) = 6x2 – 18ax + 12a2

= 6(x2 – 3ax + 2a2) = 0
x = 2a, a
f ’’(x) = 6(2x – 3a) |

x = 2a
= 6a > 0

f ’’(x) = 6(2x – 3a) |
x = a

= – 6a < 0
x = 2a is minima = q
x = a is maxima = p
p2 = q
a2 = 2a
a = 0 (reject),

a = 2

Q.55 (4)
f(x) > 0  f(x) is increasing.
f(x) < 0  f(x) is convex (opening down ward)

Q.56 (4)
x = 1  3 = a + b

1x

2

2

dx

yd



= 0 3a + b = 0

a = –
2

3
, b =

2

9

Q.57 (4)

r

h–H

R

H


S = 2rh

= 2H 













R

r
–r

2

dr

dS
= 2H 









R

r2
–1
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Maximum at r =
2

R

Q.58 (1)
Let A be area

A = (2x) )e(
2x– , x > 0

dx

dA
= – 2 










2

1
x










2

1
–x 2x–e

At x =
2

1
, A is maximum.

Largest area is 2
2

1
e–1/2

Q.59 (2)

AG =
3

2
.

2

3a
=

3

a

2 =
3

a2

+ h2

C a A

hB

G



v(h) = 3 .
4

3
h(2 – h2),

v’(h) = 0  h =
3



v
max

=
2

3

Q.60 (3)

A = 










1

1 x
5

x46
(4x

1
)

A = 






 

5

x96 1
(4x

1
)

1dx

dA
=

5

4
(6 – 18x

1
)

A(x 0)1,

(x 4x )1, 1

y = 4x

y = –5x + 6








 
1

1 x4,
5

x46








 
0,

5

x46 1

1dx

dA
= 0  x

1
=

3

1

A =
3

4









3

1










3

1
96 =

5

4

JEE-ADVANCED

OBJECTIVE QUESTIONS

Q.1 (A)


dt

dr
= 3,

dt

dh
= – 4, r = 4, h = 6

 v = r2h


dt

dv
= 2rh

dt

dr
+ r2

dt

dh


dt

dv
= 2 · 4 · 6 · 3 –  · 16 · 4

= 144 – 64 = 80 cu m/s.]

Q.2 (C)

The tangent at (x
1
, sin x

1
) is y – sin x

1
= cosx

1
(x – x

1
)

It passes through the origin.

sin x
1

= x
1

cos x
1

= x
1 1

2 xsin1

y
1

2 = sin2 x
1

= x
1

2(1 – y
1

2)  (x
1
y

1
) (x

1
y

1
) lies on the

curve

y2 = x2(1 – y2).

 x2 – y2 = x2y2

Q.3 (B)

Let y = mx + c be tangent touching both branches.

f(x) = –x2, y = mx + c, x < 0

x2 + mx + c = 0, m > 0 ( x < 0 ) (negative roots)

D = 0  m2 = 4c
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f(x) = x2 + 8, y = mx + c, x > 0

x2 – mx + 8 – c = 0 , m > 0 (positive roots)

D = 0  m2 = 32 – 4c

 c = 4, m2 = 16  c = 4, m = 4

Q.4 (A)

f(0) =
0x

im



0–x

0–
x

xsin 2

= 1 (slope of tangent)

slope of normal is – 1

Equation of normal is y – 0 = – (x – 0)

Q.5 (D)

a

x
+

b

y
= 1 y = be–x/a

dx

dy
= –

a

b
e–x/a

b

y
= –

b

y
+ 1 –

a

b
e–x/a = –

a

b

y = –
a

b
x + b e–x/a = 1

x
1

= 0

y
1

= b

Point (0, b)

Q.6 (B)

y2 = x3

Let P(t
1

2, t
1

3)

2y y’ = 3x2

y’ =
y2

x3 2

O

P
(t , t )1 1

2 3

Q

(t , t )2 2

2 3

y’ |
P

= 3
1

4
1

t2

t3
=

2

3
t
1

m
OP

= tan  = t
1

m
OQ

= tan  = t
2





tan

tan
=

2

1

t

t

M
PQ

= 2
1

2
2

3
1

3
2

tt

tt




=

)tt()tt(

)tttt()tt(

1212

2
121

2
212





M
PQ

= Slope of tangent at point p

M
PQ

= y’|
p

)tt(

tttt

12

2
121

2
2




=

2

3
t
1

t
1

= – 2t
2

2

1

t

t
= – 2





tan

tan
= – 2

Q.7 (B)

2y +
dx

dy
= 4a + 4a cos

a

x

dx

dy
= 0  cos

a

x
= – 1  sin

a

x
= 0

using given curve
y2 = 4a (x + 0)
y2 = 4ax, a parabola.

Q.8 (B)
y = x2

1
p

x2x2
dx

dy


m = – 1N
P

y = x – 2
m = 1

Q

2x
1

= 1

x
1

=
2

1
P 









4

1
,

2

1

y
1

=
4

1

equation of normal

y –
4

1
= – 










2

1
x

4y – 1 = – 4x + 2
4y + 4x = 3 …(1)
Intersection point
y = x – 2 …(2)

Q 









8

5
,

8

11

Q.9 (A)

xny = an

nxn – 1y + xn y1 = 0

y’ = – n

1n

x

yx 

y’ = –
x

y

Equation of tangent

y – y
1

= –
1

1

x

y
(x – x

1
)
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at x-axis y = 0

x
1

= x – x
1
 x = 2x

1

at y-axis m = 0

y = 2y
1

Area of  =
2

1
(2x

1
) (2y

1
)

= 2 x
1
y

1

= 2 x
1 n

1

n

x

a

= 2an x
1

(1 – n)

1 – n = 0 n = 1

Q.10 (B)

dx

dy
= 2x2 – 4ax + 2 > 0  x  R

D < 0

42 a2 – 4 . 2 . 2. < 0

(a + 1) (a – 1) < 0

– 1 < a < 1

Q.11 (B)

y2 = x3 + x2

curve passes through origin (0, 0)

If we want to drawn the tangent at (0, 0)

y2 = x2

y = x and y = –x

Q.12 (B)

x = a ( + sin ) y = a(1 – cos )

1
)cos1(a

sina

dx

dy

2

x









 m = 1

x
1

= a 







1

2

x
y

1
= a

L
N

= y
1

2m1

L
N

= 2 a

Q.13 (B)

y = a1 – n xn

dx

dy
= n a1 – n xn – 1

L
SN

= |n a1 – n x
1

n – 1 y
1
|

= |n a1 – n x
1

n – 1 a1 – n x
1

n|

= |n a2 – 2n x
1

2n – 1|

2n – 1 = 0

n = 1/2

Q.14 (D)

For x2 = 9a( 9 – y);
dx

dy
=

a9

x2
= m1

For x2 = a(y + 1) ;  m
a

x2

dx

dy

m1 m2 = – 1 gives 4x2 = 9a2 ... (1)
also by eliminating 'y' between the equation
of curves x2 = 9a ...(2)
from (1) and (2), we get a = 4 ]

Q.15 (C)

y = xx ln x; y =
2n

22x

l



At x = 1, m1 =
dy

dx
=

x 1
x .

x
+ xx (ln x +

1)ln x = 1.

At x = 1, m2 =
2n

2n
2

dx

dy x

l

l
 = 2

Q.16 (B)

f(x) = 3x2 + 2ax + b + 5 sin 2x 0  x R

sin 2x  – 1

f(x)  3x2 + 2ax + b – 5  x R

3x2 + 2ax + b – 5  0  x R

4a2 – 4 .3 . (b – 5) 0

a2 – 3b + 15  0

Q.17 (B)

f(x) =
p 4

– 1
1– p

 
 
 
 

x5 – 3x + n5

f '(x) = 5
p 4

– 1
1– p

 
 
 
 

x4 – 3

f '(x) will have critical point have coefficient of x4

positive. But if the coefficient of x4 negative and we

will not get any critical point and f(x) will be decreas-

ing function. So
p 4

1– p


– 1 0

If equality holds f '(x) = – 3 is still decreases.

Case-I : 1 – p > 0  p < 1

p + 4  (1 – p)2

p2 – 3p – 3  0

p 














2

21–3
,–
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Case-II : 1 – p < 0  p > 1

p–1

4p 
 1

Always true

p  (1, )

p + 4  0

p  –4

Final answer p 












2

21–3
,4–  (1, )

Q.18 (C)

x > 1  f(x) f(1)

x > 1  g(x) g(1)

 f(g(x)) f (g(1))

 h(x) 1

.... (i)

Range of h(x) is subset of [1, 10]

 h(x) 1

.... (ii)

By (i), (ii) we have h(x) =1  h(2) = 1

Q.19 (C)

f(x) =
2

x
eccos

4

x 2
2

f(x) =
2

x
cot

2

x
eccos

2

x 2 








2

x
–

2

x
tan

For 0 < x < 1, tan
2

x

2

x


 f (x) > 0 f(x) is increasing.

Q.20 (C)

f’(x) = (a2 – 2a – 2) – sin x > 0 or < 0

a2 – 2a – 2 > sin x or a2 – 2a – 2 < sin x

a2 – 2a – 2  1 or a2 – 2a – 2  1

a2 –2a – 3  0 or a2 –2a – 1  0

a  3, a  –1 or a  1 2,1 2  
 

Q.21 (B)

f(x) = tan–1 (sin x + cos x)

f '(x) = 2)xcosx(sin1

1


(cosx – sinx) > 0

cos x – sin x > 0

2

1
cos x –

2

1
sin x > 0

cos x
4

 
 

 
> 0

–


2
<

4


+ x <

2


 –

3

4


< x <

4



Q.22 (D)

f(x) =
xcosdxsinc

xcosbxsina





f '(x) = 2

2222

)xcosdxsinc(

xcosbc–xsinbc–xsinadxcosad





f '(x) = 2)xcosdxsinc(

bc–ad


 0  ad  bc

Q.23 (C)

f(x) = 8ax – a sin 6x – 7x – sin x

f '(x) = 8a – 6a cos 6x – 7 – 5 cos 5 x

for a = 0 f '(x) < 0

for a = – 6 f '(x) < 0

for a = 6 f '(x) > 0

Q.24 (B)

f ’(x) = 4 ax3 + 3bx2 + 2x +1

f ”(x) = 12 ax2 + 6bx + 2

D = 36b2 – 96 < 0 (given)

f ’’(x) > 0  f’(x) is increasing

Q.25 (A)
Put |x| = t
As, x  [–1, 2]  t  [0, 2]
let g(t) = 2t3 + 3t2 – 12t + 1
 g'(t) = 6(t + 2) (t – 1)

–2 0 1 2
Sign of g'(t)

– +

 g(0) = 1
g(1) = –6

and g(2) = 5, is the greatest value of
function.

Q.26 (D)

f(1–) f(1) and f(1+)  f(1)

– 2 + log
2

(b2 – 2)  5

0 < b2 – 2  128 2 < b2  130

Q.27 (D)

h(x) = f(x) – g(x) = 1 + x ln 







 1xx 2

–
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1x2 

h’(x) = ln  2x x 1  +  2

x

x x 1 

 

1x

x1

2 


–

1x

x

2 

ln 







 1xx 2

= 0  x = 0

h(x) is positive

h(x)  h(0)

h(x)  0

f(x)  g(x)

Q.28 (A)

f(x) = 1 + xm (x – 1)n

f '(x) = = mxm–1 (x – 1)n + nxm (x – 1)n – 1 = 0

x

m
+

)1–x(

n
= 0

mx – m + nn = 0  x =
m

m n

Q.29 (C)

f(x) = x (x + 3) e–x/2

f(x) = (x2 + 3x) e–x/2

f(– 3) = 0 = f(0) Rolle’s theorem. is applicable

f '(x) = (x2 + 3x) e–x/2 








2

1
– + e–x/2 (2x + 3) = 0

x = 3, – 2

x = – 2  [–3, 0]

Q.30 (D)
Let g (x) = x f (x), g (0) = g (1)
from Rolle's theorem g ' (c) = 0
c f ' (c) + f (c) = 0 Ans.]

Q.31 (C)
By Rolle's theorem
f (1) = f (3)  a + b + 11 – 6
= 27a + 9b + 33 – 6
 13a + 4b + 11 = 0 .....(1)
Now f ' (x) = 3ax2 + 2bx + 11











3

1
2'f = 0 

11
3

1
2b2

3

1
2a3

2


















 = 0

 11
3

b2
b4

3

4

3

1
4a3 








 = 0

 11
3

b2
b4

3

a12
a13  = 0

From equation (1), we get

3

b2

3

a12
 = 0  6a + b = 0 .....(2)

from equation (1) and (2), we get
a = 1, b = – 6  a – b = 1 + 6 = 7 Ans.

Q.32 (A)

f2 (4) – f2(0)

4O

2

)0(f)4(f 










0–4

)0(f–)4(f
[f(4) + f(0)] × 4

By LMVT

f '(a) 






 

2

)0(f)4(f
× 8

f '(a).f(b) × 8 = 8 f '(a) f(b) or 8f '(b) f(a)

Q.33 (B)

f(x) = tan x

f '(C) = sec2C =
a–b

)a(f–)b(f

sec2C =
a–b

atan–btan
sec2 C  1

for 






 

2
,0

f(a, b) =
a–b

atan–btan
 1

Q.34 (B)

f(x) = x3 – 6ax2 + 5x

f '(x) = 3x2 – 12ax + 5

By LMVT

f '(x) =
1–2

)1(f–)2(f

)1(f–)2(f)x('f

4

7
x




3

2

4

7








– 12 a 









4

7
+ 5

= (8 – 24 a+10) – (1–6a – 5)
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a =
48

35

Q.35 (B)
differentiating both sides, we get
3f (3x) – f (x) = f (x)
 3f (3x) = 2f (x)

putting x = 3, f (9) =
3

)3(f2
= 2

According to LMVT,

f ' (c) =
3–9

)3(f–)9(f
=

6

1
–

Q.36 (C)

f(x) = 3x2 – 3p2x + 3p2 – 3

= 3((x – p)2 – 1)

= 3(x –(p + 1)) (x – (p – 1))

 p – 1 > – 2 and p + 1 < 4

 p > – 1 and p < 3

 – 1 < p < 3

Q.37 (C)
We have f(x) = cos–1x + cos–1x2 , x  [–1, 1]

 f '(x) = – 
















 42 x1

x2

x1

1

= 



















22 x1

x2
1

x1

1

Clearly f(x) is decreasing for x  0.

Also, f (x) = 0 has only one root x =
3

1
.

–1 1

+

(local maximum)
Sign scheme of f '(x)

3

1
x




X
–

 f (x) has only one local maxima. Ans.
]

Q.38 (C)
f(x) = 2bx2 – x4 – 3b
f ’(x) = 4bx – 4x3 = 0 x = 0 & x2 = b

f ’’(x) = 4b – 12x2 0b8b12b4|
bx2 


so f(x) will be max at x2 = b
g(b) = 2b(b) – b2 – 3b
g(b) = b2 – 3b

min. g(b) = – –
D

4a
= –

4

9

Q.39 (D)

f(x) = xp (1 – x)q

f ’(x) = pxp – 1 (1 – x)q – qxp(1 – x)q – 1

=
x

pxp

(1 – x)q – qxp

)x1(

)x1( q





= xp (1 – x)q 











x1

q

x

p
= 0

p – px – q – x = 0  x =
qp

p



Q.40 (D)

f (x) =
22x

2x2x2x

)12(

)212()2–12(2.2n.x2





2x2  1

2x2 + 1 – 2  2 – 2 > 0

At x = 0, f(x) is least.

Least value = f(0) = 1

Q.41 (B)

f ' (x) = 3x2 + 2ax + a = 0 ;

  +  = –
2a

3
and  =

a

3

given f () + f () = 2
(3 +a2 + a + 1) + (3+ 2 +  + 1) =
2
(3 + 3) + a (2 + 2) + a (  + ) = 0

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

–
38a

27
– a

2a

3

 
 
 

+ a

24a 2a

9 3

 
 

 
–

22a

3
= 0

34a

27
–

22a

3
= 0 (a 0 think !)

4a

27
=

2

3
 a =

9

2
Ans.
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Q.42 (C)

y = – x3 + 3x2 + 2x – 27

y’ = – 3x2 + 6x + 2

max. slope = –
D

4a
= –

12

)2436(




=

12

60
= 5

Q.43 (C)

f(x) = x4 + ax3 +
2

x3 2

+ 1

f '(x) = 4x3 + 3ax2 + 3x

f'(x) = 12x2 + 6ax + 3

= 3 (4x2 + 2ax + 1)

for concave upward

f"(x)  0

4x2 + 2ax + 1  0

4a2 – 16  0

a2 – 4  0

–2 < a  2

Q.44 (A)
Let f (x) = x3 + px2 + qx + r
 f '(x) = 3x2 + 2px + q
Disc. = 4p2 – 12 q = 4(p2 – 3q) = 4(p2 – 2q –
q)
 If p2 < 2q  p2 < 3q
So, the equation f(x) = 0 has one real and two
imaginary roots.

Q.45 (B)

let f(x) = xex

f’(x) = (x + 1) ex

Q.46 (B)

Area = ab + 2.cossinb
2

1
cossina

2

1 22 









= ab +
2

)ba( 22 
sin 2

Maximum area is ab +
2

)ba( 22 

Q.47 (D)

Let point C (a cos , b sin )

A =
2

1

1sinbcosa
141
103



A = 6 – b sin  – 2 a cos 

dA

d
= 0  tan  =

a2

b
=

2

1

 a cos  = – 6 and b sin  = – 6

Point C (– 6 , – 6 )

Q.48 (C)
x2 + h2 = 1
volume

h

x

x

1

v =
3

1
× base × height

=
3

1
× h × 6 ×

3

4
x2

v =
3

2
h(1 – h2)

dv

dh
= 0  h =

1

3

Q.49 (B)

A & B triangle are similar

1
(let)

1–x xE A B

D
C

(B)
(A)

x–2




x



cos (x – 2) =
x

x1
= – cos 2

cos  =


x
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1 – 2 cos2 =
x

x1

1 – 2 













2

2x


=

x

x1

ABC =
2

1
x 22 x



BA

C

x

22 x

=
2

1











x















2

2x
1



=
2

1











x







 


x

x1
1

2

1
1 =

2

1











x

x2

1
1

A =
2

1







 


x

x1
1

2

1

x2

1
1

dx

dA
= 0 x = 2/3

Q.50 (B)

InACD

cos  =
x

CD

A

B CD

x x



AD = x sin 

Area (ABC) = 2 .
2

1
(AD) (CD)

= (x sin ) (x cos )

A =
2

x2

sin 2

It will max. when sin 2 = 1

A =
2

x2

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING
Q.1 (AC)

y = x2 + 6x + 10 y = ax2 + bx + 7/2

( 2, 2)

dy
2x 6 2

dx 

   ;
)2,1(

bax2
dx

dy


y – 2 = – 2(x + 2)
dx

dy
= 2a +b

y – 2 = – 2x + 4 2a + b = –2 .......(1)
y + 2x = 6 (1, 2) will lie on the curve

2 = a + b + 7/2

a + b = –
2

3
.......(2)

from (1) & (2)
a = 1, b = – 5/2

Q.2 (A,D)
2y = x2 P(x

1
, y

1
)

1
p

xx
2

x2

dx

dy


Equation of normal

y – y
1

= –
1x

1
(x – x

1
)

If will pass through (0, 3)

3 – y
1

= –
1x

1
(0 – x

1
)

3 – y
1

= 1 x
1

2 = 4
y

1
= 2 x

1
= 2, –2

point (2, 2), (–2, 2)
Q.3 (ABC)

x = t2 + 3t – 8 y = 2t2 – 2t – 5
at point (2, 1)
2 = t2 + 3t – 8 –1 = 2t2 – 2t – 5
t = – 5, 2 2t2 – 2t – 4 = 0
t = 2 t = 2 t = –1
x

1
= 4 + 6 – 8 y

1
= 8 – 4 – 5

x
1

= 2 y
1

= – 1

dx

dy
= 2t + 3

dt

dy
= 4t – 2




 

 t 2

dy 4t 2 6

dx 2t 3 7

m = 6/7

L
T

=
m

m1y 2
1 

=
7/6

49

36
11 

=
6

85

Slope of tangent = 6/7

L
ST

=
m

y1
=

6

7
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Q.4 (A,B)

f(x) =
3

x3

–
2

x5 2

+ 7x – 4

f ’(x) = x2 – 5x + 7 |
P

P(x
1
, y

1
)

f ’(x) = x
1

2 – 5x
1

+ 7
cuts equal intercepts that means slope = 1
x

1
2 – 5x

1
+ 7 = 1

x
1

2 – 5x
1

+ 6 = 0
x

1
= 2 , x

1
= 3

y
1

= 8/3 , y
1

= 7/2

Point (2, 8/3) (3, 7/2)

Q.5 (A,B,D)
Tangent is y-axis at (0, 0)
 x = 0

x
3

x
1/3

f(x) = x1/3

Normal y = 0
Exactly three points

Q.6 (A,B)
y = cos (x + y)
y’ = – sin (x + y) (1 + y’)

y’ = –
)yx(sin1

)yx(sin




= –

2

1

sin (x + y) = 1
cos (x + y) = 0

y
1

= cos (x
1

+ y
1
) = 0

sin (x
1

+ y
1
) = 1 sin x

1
= 1

x
1

=
2


, –

3

2



Point 






 
0,

2
and 







 
 0,

2

3

This two points satisfies
Q.7 (A,C)

x = a(cos  +  sin ) y = a(sin  –  cos )

d

dx
= a(– sin  + sin  +  cos )

d

dy
= a(cos  – cos  +  sin )

dx

dy
=

a sin

a cos

 

  = tan 

Normal

y – a(sin  –  cos ) = –
tan

1
(x – a(cos  +  sin

)) .....(1)
y – a(sin  –  cos ) = – cot  (x – a(cos  +  sin ))

= tan (
2


+ ) (x – a(cos  +  sin ))

make are angle of
2

 
  

 

Distance from origin of normal (1)

d =







2tan/11

sin

cos
)sin(cosa)cos(sina

= a which is constant

Q.8 (A,B)
by = – ax – c xy = 2

y = –
b

a
x – c y + xy’ = 0

y’ = –
x

y

Slope of normal =
y

x

2

x2
1 = –

b

a =
1

1

y

x

LHS always positive
=

2

x2
1 > 0

so RHS should be positive so a, b should have opposita
sign

Q.9 (A,C)

2

2

a

x
+

4

y2

= 1 ; y3 = 16x

2a

x2
+

4

'yy2
= 0 3y2y’ = 16

p
2ya

x4
'y




p
2y3

16
'y 

m
1

= –
1

2
1

ya

x4
m

2
= y’ = 2

1y3

16

m
1

× m
2

= – 1

1
2

1

ya

x4
× 2

1y3

16
= – 1

2a3

4
= 1

a2 =
3

4

a = ±
3

2
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Q.10 (A,C)

n n
x y

2
a b

   
    

   
(n  N)

x = a 1 + 2
b

y
n










yn = bn

If n is even y = ± b
If n is odd y = b
n  even (a, b) & (a, –b)
n  odd (a, b)

2
b

y

a

x
nn



















0
dx

dy

b

1

b

y
n

a

1

a

x
n

1n1n




































dx

dy
= – n

n

a

b
1n

1n

y

x




n  even

(a, b) 
dx

dy
= –

n

a

b









a

b

b

a
1n











= m
T

M
N

=
b

a

y – b =
b

a
(x – a)

by – b2 = ax – a2

ax – by = a2 – b2

(a, –b)
dx

dy
= –

n

a

b








1n

b

a










 =

a

b
= m

T

M
N

= –a/b

y + b = –
b

a
(x – a)

ax + by = a2 – b2

Q.11 (A, D)
y = x2 + ax + b (1, 0) satisfies
y = x(c – x) 1 + a + b = 0

= cx – x2 c – 1 = 0  c = 1

m
1

=
dx

dy
= 2x + a|

(1, 0)
= 2 + a

m
2

=
dx

dy
c – 2x|

(1, 0)
= c – 2

2 + a = c – 2
c = 1 a = –3
a + b = –1
b = –1 – a
b = –1 + 3 = 2
b + c = 3

Q.12 (A,B)
x = 2 ln cot t + 1 y = tan t + cot t

dt

dx
=

tcot

2
(– cosec2 t)

dt

dy
= sec2 t – cosec2 t

at t =
4



dt

dx
= –

tsin

2
2 tan t

dt

dy
= 2 – 2 = 0

=
)2/1(

2
= – 4

dx

dy
= 0 Tangent is parallel to x-axis

Normal is parallel to y-axis

Q.13 (B, C)
y = kekx at y-axis

m =
dx

dy
= k2 ekx

x = 0, y = k

m = k2

tan  = 2k

1

 = tan–1 







2k

1
= cot–1 k2 = sec–1

4

1

1 k

 
 
 

 

Q.14 (A,C,D)
(A) y2 = 4ax y = e–x/2a

m
1

=
y2

a4
=

1y

a2
; m

2
= –

a2

1
e–x/29

m
1

× m
2

= –1
= –

a2

1
y

1

(B) y2 = 4ax x2 = 4ay

y’ =
y2

a4 2x = 4ay’

y’ =
a4

x2

(C) xy = a2 x2 – y2 = b2

y + xy’ = 0 2x – 2yy’ = 0

y’ = –
x

y
y’ =

y

x

m
1

× m
2

= –1
(D) y = ax x2 + y2 = c2

y’ = a 2x + 2yy’ = 0

m
1

× m
2

= –
y

ax
= –1 y’ = –

y

x
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Q.15 (A,C)
y = f(x)
Let f(x) = ax2 + bx + c
this parabola touches y = x line at (1, 1)
that means slope at (1, 1) = 1
f ’(x) = 2ax + b
2a + b = 1 ........(1)
(1, 1) will also satisfied the curve

1 = a + b + c ........(2)
f ‘(1) = 1
2f(0) = 1 – f ’(0)
f(0) = c
LHS = 2c
RHS = 1 – f’(0) from (1) & (2) a = c

= 1 – b
= 2a = 2c

Q.16 (A, B)
f(x) = x + sinx

2

2
– 

f '(x) = 1 + cos x
– 1  cos x  1
0  1 + cos x  2
Increasing

Q.17 (A, B)
f(x) = xm/n

Let assume m = 2, n = 3
f(x) = x2/3

f'(x) =
3

2
x–1/3

0

 

f(x) is  is x  (–, 0)
in x  (0, )

Q.18 (A, D)
h(x) = f(x) g(x)
 f(x) g’(x) + g(x) f’(x) > 0

ve + – –
h is increasing
h(x) = fog(x)  h’(x) = f’(g(x). g’(x) < 0
h is decreasing

Q.19 (B,C)
f(x) = 2n (x – 2) – x2 + 4x + 1

f '(x) =
2–x

2
– 2x + 4

= 2 







)2–x(–

)2–x(

1

x = 2, 3, 1 critical points

 – –

in x  (–, 1)  (2, 3)

Q.20 (A,D)

f(x) = 2x + cos–1 x + log ( 2x1 – x)

f'(x) = 2 – 2x1

1


+

)x–x1(

1

2 














1–

x12

x2

2

= 2 – 2x1

1


– 2x1

1



=
)x1(

x1–1–)x1(2
2

22





=
)x1(

x1–x)x1(
2

222




> 0

f(x)  is (–, )

Q.21 (B,C)

g(x) = 2f 








2

x
+ f(1 – x)

g'(x) = f' 








2

x
– f'(1 – x) = 0 

2

x
= 1 – x


3

2
x  critical point.

g’'(x) =
2

1
f" 









2

x
+ f"(1 – x)

f’’(x) < 0 for 0  x  1
f’’(x/2) < 0

0 
2

x


2

1

0  1 – x  1  f"(1 – x) < 0
g"(x) < 0  g'(x) is decreasing function
(4), (1) because function

 

0 2/3 1

x  








3

2
,0  and 








1,

3

2


Q.22 (B,C)
f(x) = sin x + cos x
f'(x) =cos x – cos x = 0
tan x = 1

x = n+
4



n = 0, x =
4


 

0



4



4

5 2



28

Application of Derivatives (Tangent and Normal)

n = 1, x =
4

x5

 is 






 

4

5
,

4

 is 






 

4
,0 

5
,2

4

 
 

 

Q.23 (A,B,C)

f(x) = tan–1 x –
2

1
nx

f'(x) = 2x1

1


–

x2

1
=

)x1(x2

)x1(–x2
2

2




=

)x1(x2

)1–x(–
2

2



0



f(x) is  for x > 0

Greatest value will be at x =
3

1










3

1
f = tan–1

3

1
–

2

1
n 









3

1
=

6


+

4

1
n3

least value will be at x = 3

f(v) = tan–1 3 –
2

1
n 3 =

3


–

4

1
n3

Q.24 (A,C,D)

f(x) = log (x – 2) –
x

1

y=x

f(x)–1

2

f(x)

f'(x) =
2–x

1
+ 2x

1
=

)2–x(x

2–xx
2

2 

f'(x) =
)2–x(x

)1–x)(2x(
2





–2

   

0 1 2
f–1(x) is monotonic increasing.

Q.25 (A, D)

(A) f(0) = 0
f(0) = 0
f(/2) = e /2

Rolle’s theorem Not applicable
(b) f(–1) = f (3/2) = 0
(c) f(x) = sin |x|
differentiation is [, 2]
f(x) = 0 = f(2)

D = sin
1

x

Q.26 (A,B)
y = 2x2 – n |x|

y' = 4x –
x

1
=

x

1–x4 2

=
x

)1x2)(1–x2( 

   

2

1
–

0

2

1

I
1

: x  







0,

2

1
–  








,

2

1

I
2

: x  









2

1
,––  









2

1
,0

Q.27 (A,D)
’(x) = 3f2 f’ – 6 ff’ + 4f’ + 5 + 3 cos x – 4 sin x
= f’(x) [3f2 – 6f + 4]


d < 0

’(x) increasing as f increasing

Q.28 (A,C)
(x) = f(x) + f(2a – x)
'(x) = f'(x) – f'(2a – x)

x = 2a – x  ax  critical points

"(x) = f"(x) + f"(2a – x)
f"(x) > 0 for 0  x  2a
f"(2a – x) > 0 0  2a – x  2a
' (x) > 0
'(x) is increasing

 

a0 2a
x  (0, a) 
x  (a, 2a) 

Q.29 (A, B)
f(x) = 3x4 + 4x3 – 12x2 – 7
f'(x) = 12x3 + 12x2 – 24x
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= 12 x (x2 + x – 2)
= 12 x (x + 2) (x – 1)



0 2



 is (–2, 0)  (1, )
 x  (–, 0)  (2, )

Q.30 (C,D)

f(x) = x + 1
1x

1



f’(x) = 1 – 2)1x(

1


= 0

x = 0, 2 are critical point
decreasing x  [0, 1) u (1, 2]
increasing x  (– , 0) U [ 2, 

Q.31 (A,B)
f(x) = x2 (x + p2 + q2 + r2)

By using determinant prop.
f'(x) = 2x (x + p2 + q2 + r2) + x2

= x [3x + 2p2 + 2q2 + 2r2]

  

0
)rqp(

3

2
– 222 

 x < –
3

2
(p2 + q2 + r2)  x > 0

 x  







 0),rqp(

3

2
– 222

Q.32 (A,C)
(A) f(z) = tan–1 z

f'(z) =
x–y

)x(f–)y(f

2z1

1


= x–y

xtan–ytan 1–1–

x–y

xtan–ytan 1–1–

 1

Aliter
|tan–1 x – tan–1y|  |y – x|

This will be is 






 

2
,

2
–

But RHS can infinite so always true.
(B) f(z) = sin z
f'(z) = cos z

f(y) f(x)

y–x


= cos z 

x–y

xsin–ysin
= |cos z| 1

|sin y – sin x|  |y – x|
Aliter
|sin y – sin x|  |y – x|

LHS as x ,
a finite quantity between – 1 to 1
RbS will be infinitely
which is always two.

Q.33 (A,B,C,D)
f ’ (x) = 16 x3 ( 3 ln x – 1) = 0
x = e1/3 is mining
f’’(x) = 16 (9x2 ln x) = 0
upward (1,  )
downward (0, 1)
x = 1  f(1) = –7

Q.34 (B, D)
x = r cos , y = r sin 

 )2cos1(5
r

4
2

 + 3 sin 2+ 1 – cos 2

= 6 + 4 cos 2 + 3 sin 2, which has maximum 11 and
minimum 1

OP has minimum
11

2
and maximum 2.

Q.35 (A, B, D)

f(x) =
1x

1x
2 



(x2 + 1) f ’(x) + 2x f(x) = 1

f ’(x) = 22

2

)1x(

1x2x3




 0

f ’’(x) = 42

23

)1x(

1x3x3x




= 0

x3 + 3x2 – 3x – 1 = 0
(x – 1) (x2 + 4x + 1) = 0

x = 1, (x2 + 4x+1)=0 x = –2 ± 3

Q.36 (D)

f(x) =
1x

1x
2

2





0

– +

f ’(x) = 22 )1x(

x4


x = 0 is minima

f(0) = –1

Q.37 (A,C,D)
f(x) = 40 (3x4 + 8x3 – 18x2 + 60)–1

f ’(x) = – 40 (3x4 + 8x3 – 18x2 + 60)–2

(12x3 + 24x2 – 36x)
f ’(x) = 0
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12x(x2 + 2x – 3) = 0
12x (x + 3) (x – 1) = 0

–3 1

–– ++

0

x = –3, 1 Local Maxima
x = 0 Local minima

Q.38 (B)
f(x) = a n | x | + bx2 + x

f ’(x) =
x

a
+ 2bx + 1

f ’(–1) = 0  –a –2b + 1 = 0 .....(1)

f ’(2) = 0 
2

a
+ 4b + 1 = 0 .....(2)

Solving (1) & (2)
we get a = 2, b = –1/2

Q.39 (A,C,D)

If n = 2

f(x) = (x2 – 1)2 (x2 + x + 1)

–1 0 1

If n = 3
f(x) = (x2 – 1)3 (x2 + x + 1)

–1 0 1

–1

Q.40 (A,C)

f ' (x) =
2

21

x1

)x(sin3





–
2

21

x1

)x(cos3





= 0

sin–1 x = cos–1 x  x =
4



critical points are x = 1, –1,
4



f 






 

4
=

32

3
;

f(–1) = –
8

3
+ 3 =

8

7 3

Q.41 (B,D)

y = f(x) =
xtanx1

x



y
max

when is reciprocal take min. value

y

1
=

x

xtanx1
=

x

1
+ tan x

Let z =
x

1
+ tan x

dx

dz
= – 2x

1
+ sec2 x = 0 x = cos x

2

2

dx

zd
= 3x

2
+ 2 sec2 x tan x > 0

min. at x = cos x
y take max. value at some x

0

where x
0

= cos x

Q.42 (A,C)

f(X) = – 2x1 , 0  x  1

– x x > 1

1 f(x)

f (x)
–1

–1

Q.43 (B,D)
x = (t) = t5 – 5t3 – 20t + 7
y = (t) = 4t3 + 4t2 – 18t + 3

x = ’(t) = 5t4 – 15t2 – 20

= 5 (t2 – 4) (t2 + 1)

x  0 when –2 < t < 2

y = ’(t) = 12t2 + 8t – 18

= 6 (2t2 – t – 3)
= 6 (2t – 3) (t + 1)

y = 0  t = 3/2, t = –1

–2 < t < 2 satisfied

dx

dy
=

y

x




= 0 (x  0)

y = 0  t = –1, 3/2

2

2

dx

yd
=

dx

d y

x

 
 
 



 =
dt

d y

x

 
 
 



 .
dx

dt
= 2)x(

xyyx



 
.

)x(

1



2

2

dx

yd
= 2x

yx




×

1

x

2

2

dx

yd
= 2x

y




= 2x

)1t4(6





at t = –1 2

2

dx

yd
< 0
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at t = 3/2 2

2

dx

yd
> 0

t = –1 y
max

= 14

t = 3/2 y
min

= –
4

69

Q.44 (A,D)

x=a2 x=a–2

Q.45 (A,C)
In all three definition separately differentiate & check.

Q.46 (A,C)
a + b = 9

v =
3

1
 r2 h

a

b



=
3

1
 b2 a =

3

1
 b2 (9 – b)

dv

db
= 0  b = 6  a = 3

 = 22 ba  = 3 5

Surface area =  r 
=  b 

=  (6) (3 5 ) = 18 5 

Q.47 (A,B,C)
f(x) = sin x – x cos x
f ’(x) = cos x + x sin x – cos x
f ’(x) = x sin x = 0

 x = 0 sin x = 0
(reject) x = n

f ’(x) = sin x + x cos x
x =  f ’’() = –  < 0 max.
x = 2 f ’’(2) = 2 > 0 min.
x = – f ’’(–) =  > 0 min.
x = –2 f ’’(–2) = – 2 < 0 max.

Q.48 (A,C,D)
check for
f(1 + x) = f(1 – x)

& f(2 + x) = f(2 – x)

f’’(1) < 0
 x = 1 is point of maxima.

Q.49 (B,C)

y =
CBx2Ax

cbx2ax
2

2





Cross multiply

ax2 + 2bx + c – y (A x2 + 2Bx + C) = 0

D ³ 0  x  R

Let y  [, ]

Equality holds when D = 0
 ,  are the extremum values

Q.50 (A, C)
From options we can check by putting the value in
function instead of differentiatig the function.

Comprehension # 1 (Q. No. 51 to 53)

Q.51 (B)

Q.52 (D)

Q.53 (C)
(51 to 53)

dt

da
= 2  a = 2t + c

 c = 0 { a = 0, when t = 0}
 a = 2t
 the curve y = x2 – 2ax + a2 + a becomes
y = x2 – 4tx + 4t2 + 2t
if x = 0, then y = 4t2 + 2t

dx

dy
= 2x – 4t 

0xatdx

dy



= – 4t

 equation of the tangent
y – (4t2 + 2t) = – 4t (x – 0)

i.e. y = – 4t x + 4t2 + 2t
vertex of y = x2 – 4t x + 4t2 + 2t is (2t, 2t)

 distance of vertex from the origin = 2 2 t
 rate of change of distance of vertex from origin

with respect to t = 2 2

i.e k = 2 2

c(t) = 4t2 + 2t


dt

dc
= 8t + 2 

22tatdt

dc



= 16 2 + 2

  = 16 2 + 2
m(t) = – 4t


dt

dm
= –4 

tatdt

dm
= – 4

Comprehension # 4 (Q. No. 54 to 56)

Q.54 (A)
Q.55 (B)
Q.56 (D)
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54

–5/2 O 5/2
x

3

5

y

55 f’(x) = –
2

3
x2 –

2

3
x + 3

f’ 








2

5
= –

2

3
x

4

25
–

2

3
x

5

2
+ 3

= –
8

75
–

4

15
+ 3

= –
8

81

Slope of normal =
81

8

Equation of normal

y – 0 =
81

8










2

5
x

 81y = 8x – 20
or 8x – 81 – 2 0 = 0

56 f’(0) = 3
 Equation of tangent at Q (0, 5) is
y – 5 = 3(x – 0)
3x – y + 5 = 0

Comprehension # 2 (Q. No. 57 & 58)

Q.57 (C)

Q.58 (B)
(57 to 58)

Let g(x) =
2

xsinx 
, x [0, ]. g(x) is increasing

function of x.

 range of g(x) is 






 

2
,0

 f(x) =
2

xsinx 
, x  [0, ]

Now let  t  2, then
f(t) + f(2 – t) = 

i.e f(t) +
2

)t2sin(t2 
= 

i.e f(t) +  –
2

t
–

2

tsin
= 

i.e f(t) =
2

tsint 

 f(x) =
2

xsinx 
for  x  2

Thus f(x) =
2

xsinx 
for 0  x  2

Also f(x) = f(4 – x) for all x  [2, 4]

 f(x) is symmetric about x = 2

 from graph of f(x)
  = 2 – 0 = 2
  = 

Maximum value is f(2) = =
2



Comprehension # 3 (Q. No. 59 to 61)
Q.59 (A)

Q.60 (B)

Q.61 (C)
(64 to 66)
AE = 12

ABC,ASR are
similar triangles


AE

AD
=

BC

SR

AD =
36

12
SR =

3

SR

Area PQRS = SR. DE

= SR . (12 –
3

SR
)

Maximum PQRS =







 



3

1
4

120 2

= 108
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Length PR = 22 SRSP 

=
2

2

SR
3

SR
12 










= 144SR8SR
9

10 2 

Minimum PR =

9

10
.4

8144.
9

10
.4 2

=
5

648

Comprehension # 5 (Q. No. 62 & 63)
Q.62 (C)

Q.63 (B)
62 a2x3 + abx2 + acx + ad = 0

has three real roots.
and from Eq. (i) ax3 + bx2 + cx + d = 0
has two positive and one negative real roots.

63
1 2x 3 2

0
(1 e )(ax bx cx d)dx   

2 2x 3 2

0
(1 e )(ax bx cx d)dx 0    

x [0,2] 

Q.64 (A) p; (B) r,s; (C) q, t

(A) 4y
dy

2ax
dx



(1, 1)

dy a
1

dx 2

  


a 2 

Also (1, –1) lies on 2y2 = ax2 + b
 2 = a + b

 a = 2 , then b = 0
 a – b = 2(P)
(B)  (a, b) lies on the curve 9y2 = x3

Therefore, 2 39b a

218y
dy

3x
dx



and

2 2

(a,b)

dy x dy a

dx 6y dx 6b
  

Since, the normal to hte curve at (a, b) make equal
intercepts with the coordinate axes. Therefore slope

of normal =  1

(a,b)

1

dy

dx

 

(a,b)

dy
1

dx
   

2

1
a

6b
 

 2a 6b  
3

4 2a
a

36b 36
9

 
   

 

 a = 0, 4 then b = 0, 8 /3

But the line making equal intercepts with the coordi-
nate axes can not pass through the origin
Hence, the required points are (4, 8/3) and
(4, ––8/3)

 a – b = 4/3 (R) and a – b = 20 /3
and a +|b| = 4 + 8/3 = 20/3 (S)
(C) (1, 2) lies on y = ax2 + bx + 7/2
 2 = a + b + 7/2

a b 3 /2 0   

(a,2)

dy
2a(1) b 2a b

dx
    ;

Given 2a + b =
1

2


Solving Eqs. (i) and (iv) , then we get
a = 1, b = –5/2
a – b = 7/2 (Q)
and 5a + 2b = 0 (T)

Q.65 (A) (p), (B) (s), (C) (q), (D) (r)

(A) 1  | sin x | + | cos x |  2

y = [| sin x | + | cos x|]
 y = 1

P(2, 1)
x2 + y2 = 5

dx

dy
= y

x

tan = 01

02





cosec2 =
4

5

(B) Length of subnormal = dx

dy
y

=
















 









 









 


4
sin2

4
cos3

4
sin3 =

2

3

2

3
=

2

9

(C) f’(x) = 12 (x + 2)(x + 1) (x – 1)
 a = – 2, b = – 1
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(D)
48

ba 33 
=

48

)a8(a 33 
=

48

8
(3a2 – 24a + 64)

Minimum
48

ba 33 
is

48

8

3.4

)2464.3.4( 2
=

3

8

Q.66 (A) (p,q); (B) (r,s); (C) (r,s); (D) (r,s)
(A) f(x) is continuous and differentiable f(0) =
f()

Hence condition in Rolle’s theorem and
LMVT are satisfied.
(B) f(1–) = –1, f(1) = 0, f(1+) = 1

f(x) is not continuous at x = 1, belonging to










2

3
,

2

1

Hence, atleast one condition in LMVT and
Rolle’s theorem is not satisfied

(C) f’(x) =
5

2
(x – 1)–3/5, x  1

At x = 1, f(x) is not differentiable.
Hence at least one condition in LMVT and Rolle’s
theorem is not satisfied.
(D) At x = 0

L.H.D. = 0x

0

1e

1e
x

tlim
x

1

x

1

–0x 
























=

10

10




= –1

R.H.D. = 1
At x = 0, f(x) is not differentiable
Hence at least one condition in LMVT and Rolle’s
theorem is not satisfied.

Q.67 (A) p,s,(B) p,q,r,s,t (C) p,q

(A)
2

x
f(x)

`(1 x )





2

2 2

(1 x )
f '(x)

(1 x )


 



2

2 2

1 x
f '(x) 0 0

(1 x )


  




2 2(1 x ) 0 x 1 0     

 x ( , 1) (1, )(P,S)    

(B) f(x) = tan–1x – x

2

2 2

1 x
f '(x) 1 0

1 x 1 x
     

 

f '(x) x R(P,Q,R,S,T)   

(C) 
x 2

f(x) x e tan
7

 
    

 

 xf '(x) 1 e 0  

or ex < 1 or ex < e0

 x < 0

x ( ,0)(P,Q) 

Q.68 (A) (r), (B) (s), (C) (q), (D) (p)
(A) Let PQ = x

Then BP =
2

x4 

 PS =
2

x4 
tan60º =

2

)x4(3 

 area A of rectangle =
2

3
(4 – x) x

dx

dA
=

2

3
(4 – 2x) = 0  x = 2

2

2

dx

Ad
= – 3 < 0

 A is maximum, when x = 2.

 Maximum area =
2

3
2.2 = 32 .;

Square of maximum area = 12
(B) Dimensions be x, 2x, h

72 = x . 2x . h
36 = x2h ....(1)
S = 4x2 + 6xh

S = 4x2 + 6
x

36

dx

dS
= 8x – 2x

216
= 2

33

x

)3x(8 

For least S, x = 3 and least S is 108.

(C) Let y = 2xx43 

x2 + y2 – 4x + 3 = 0
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(x – 2)2 + y2 = 1, center C = (2, 0)
Consider point P(5, – 4)

CP = 169  = 5

Maximum value of

2
2

2 )5–x(4x–x43– 







 is (5 + 1)2 = 36.

(D)

x2 + y2 = 5

2

a
= 5 cos, b = 5 sin

Let f() be perimeter
f() = 2a + 2b

= 2 5 (2cos + sin)

f()= 2 5 (– 2sin + cos)

f()= 2 5 (–2cos – sin)

f() = 0  tan =
2

1
and f () < 0

 f() is greatest
a = 4, b = 1
a3 + b3 = 65

Q.69 (A) r,t (B) q (C) p,s
(A) The function f(x) is differentiable except at x = 0
 f(x) is not continuous at x = 0, also

 f(x) = 2x2 + 2 3

2 4
f '(x) 4x

x x
  

Critical points are x =1, –1
Now , values of f(x) at x = –2, –1, 0, 1, 2
are f(–2), f(–1), f(0),f(1), f(2)

i.e.
17 17

,4,1,4,
2 2


17

G ,L 1
2

   [G + L]

= 9, (G + L) = 10 (R, T)
(B) Given f(x) = x3 –6x2 + 9x + 1

2f '(x) 3x 12x 9    = 3(x –1) (x – 3)

x 1,3 but3 [0,2]  

G = max {f(0), f(1), f(2)} = max {1, 5, 3} = 5
L=min{f(0), f(1), f(2)} = min {1,5,3} =1
 G = 5, L =1  [G + L] = 6, (G + L) = 6(Q)

(C) Given f(x) = arc tan
1

x – lnx
2

NUMERICAL VALUE BASED
Q.1 [4]

4 4 4x y a 

 
3 3 4

3 3 1 1
1 13 3 3

1 1 1

4 4 0 0
dy dy x x a

x y y y x x y x
dx dx y y x

 
       

4 4
1

1 3 3
1 1

:
x a

y y y
y y

 

4 16/3
4 /3

3 4
1 1

a a
P P

x x





 

16/3
4 /3

4
1

a
q

y







4/3 4 /3 16/3 4.p q a a   

4 / 3a k = 4

Q.2 [3]

y = 3x + 3 but  
1

' 0
3

f 

     2 2 6 20

2
lim

2 ' 40 ' 4 56 ' 7xx

x

xf x f x f x  

     
1

' 0 20 ' 0 28 ' 0f f f 

 
1 1

3
19 ' 0

9
3

k
f

  
    

Q.3 [6]
Let tangent is at P ( h, k)

22 0
d y

x y x
d x

  is
2 2dy y k

dx x h

 
 

Eqn of tangent  
2K

y K x h
h


  

X–intercept 
3

2

h
a  ,

Y–intercept  3k = b

2 2 2

3 3 3

9 .3 27. 27

4 4 4

a b h k h k

c c c
  

 2 3as h K C
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27

7
4


 

   

Q.4 [4]

2 2 2 2 2 22x y a and x y a   

;
dy x dy x

dx y dx y


 

   2 2

2 2
2 1 2 1

2 2

a a
x y

 
 

   2
1 1 1

2

2 2 1 2 2 1
tan /1 tan tan

22 1
1

2 1

x x x

y y y
  

                    

 1tan 1
4

  

Q.5 [3]

  1 2Let f x x x    g(x) = x2 – bx + c

 
1 1

' 0
2 1 2 2

f x
x x


 

 

 ' 2g x x b 

2 1x x    ' 0g x  b = + 3

 
3

' 0
2

x f x  

Q.6 [1]

  / log ef x x x has domain    0, 1 

 f x is decreasing when  1 0f x 

 
2

1
log 1

0
log

e

e

x x
x

x


  x e

 f x is decreasing on  0,1 U  1,e

 no of integer value of x is 1

Q.7 [1]

Given    : 1,10 1,10f 

is a non decreasing function

   : 1,10 1,10g  is a non increasing function.

       : 1,10 1,10h x fog x  is a decreasing

function.

 1 1 1h  

But      1 1 1 2x h x h h x     

From 1, 2,   1h x   1,10x 

So  7 1h  .

Q.8 [2]
Given that x and y are two real variables such that x>0
and xy=1
To find the minimum value of x+y

Let S x y 

1
S x

x
   (using xy=1)

For minimum value of S, differentiating of above with
respect to x,we get

2

1
1

dS

dx x
 

For minimum value of , 0
dS

S
dx



2

1
1 0

x
   2 1x  1x 

But 0, 1x x  

Now

2

2 3

2d S

dx x


2

2

1

2
x

d S
ve

dx


  

 S is minimum when x=1

min

1
1 2

1
S   

Q.9 [3]

2 2 22V r R r 

R

r h/2
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2

' 0 8 3 3
3

V r we get R r h k    

Q.10 [3]

  3 3 1f x x x  

   2' 3 1 0f x x  

f(–1) f(1) < 0

KVPY

PREVIOUS YEAR’S

Q.1 (B)
Let initially 2 bases have radii 5 cm and r cm.
Finally base have radii (1.21 × 5) and r

Ratios of volumes
2

1

V
1.21

V
 

2 2
2

h
V [(6.05) (6.05)r r ]

3


  

2 2
1

h
V [5 5r r ]

3


  

 
2 2

2
2 2

1

6.05 (6.05) r rV
1.21

V 5 5r r

 
 

 
= 1.21

2 6.3525
r

21
 

11
r cm 55mm

2
  

Q.2 (D)
Speed of B = V km/hr
Speed of A = 3V km/hr

Given 4V = 2 × 60 km/hr V 30 km / hr 

Distance covered by then after 10 min = 2 × 10 = 20
km
so remaining distance = (30 – 20) km = 10 km

Time taken by B to cover 10 km
10

20min.
30 / 60

 

Total time = 20 + 10 = 30 min

Q.3 (B)
y=e

x

y=x

y = nx

IInd curve

1
y '

x


x =  point (1, 0)
similarly Ist  point (0, 1)

distance = 2

Q.4 (D)
Here weight will be measured in two criteria's weight
of bucket w + weight of water (r2h x density) in first
case

2 h
w r 10

2
   

in second case

2 2
w r h 11

3
   

2 2 1
r h 1

3 2

 
    

 

2 h
r 1

6
  

r2hp = 6
Also

2r h
w 10

2

 
 

w + 3 = 10
w = 7
Hence total weight is

2w r h  

= 7 + 6 =13

Q.5 (D)

sin(x a) sin(x a) 2sin(x).cosa
f (x)

cos(x a) cos(x a) 2sin x.sin a

  
 

  
= cot a

Q.6 (C)
f (x) = x2n + 1 – (2n + 1) x + a
f (x) = (2n + 1) x2n – (2n + 1)
= (2n + 1) (x2n – 1)  0 when x  [–1, 1]
f(x) is strictly decreasing in [–1, 1]
f(x) cut x axis at most oen point in given interval

Q.7 (A)

x0

 
2 3 4x x x

f x 1 x
2 6 24

    

 
2 3x x

f x 1 x
2 6
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2x

f x 1 x 0
2

   

 f (x) is an increasing fn

 f (x) = 0 at x = x
0

 f (x
0
) = 0 

2 3
0 0

0

x x
1 x 0

2 6
   

....(A)
f(–2) f(–1) < 0
 x

0
(–2,–1)

 
2 3 4 4
0 0 0 0

0 0

x x x x
f x 1 x 0

2 6 24 24
      

x0

no solution

Q.8 (D)

Given that 2r + r= P
P

r
2


 

area  

2 2
2

2

1 1 P 1 P
r

2 2 2 2 2

 
         

dA
0

d



C2 

Q.9 (D)

  2 1
f x x 2

x
   

 
3x 2x 1

f x
x

  
  x 0, 

so   3x x 2x 1     should be positive

  3x x 2x 1    

  2x 3 x 2 0    

2
x

3
 


point of minima

2
0

3

 
    

2 2
2 1 0

3 3

 
     

  

2 4
1 0

3 3

 
   

  

2 4
1

3 3

 
 

  

2 3

3 4




2

2

2 3

3 4




32

27
 

Q.10 (A)

   f ' x 2f x

   2x 2xf ' x e 2f x e 

 2nd
f (x)e 0

dx
 

g (x) = f(x)e–2x is non-Increasing function

x 0

   g x g 0

   2x 0f x e f 0 e 

  2xf x e 0 

 f x 0 but given f (x) is not negative

f (x) = 0 Constant function

Q.11 (C)
P'(x) = 12x2 – 3 = 3 (4x2 – 1)

 
1 1

In , P ' x 0
2 2

 
  
 

 P (x) is decreasing  Range  (P(–
1),P(A))
Range  (–1,1)

Q.12 (B)

 n
n 0
lim f x f (f (f (....... times(x))


 

1

1
Now for x 0,

2

 
 
 

f(x
1
) > x

1
as f (x) is concave - downward

nThus f as n
2


 

1

1
Similarly for x ,1

2

 
 
 

f(x
1
) < x

1
as f (x) is convave upward

n

1
Thus f as n

2
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Q.13 (A)
f’(x) = 3x2 – 6ax + 27a2 + 9
= 3[x2 – 2ax + 9a2 + 3] = 3((x – a)2 + 8a2 + 3)
 f '(x) is + ve for x R so f(x) is monotonic
for x R.

Q.14 (C)
(0,3) lies on the curve
So q = 3

 0,3

dy dy
Now 2x p; p 1

dx dx

 
     

 

p + q = – 1 + 3 = 2

Q.15 (D)

60º

30º

(0,a)

y

B

O

D

30º
30º

3a 3a
,

2 2

 
 
 

3a,03a A

60º

BD

1
M

3


Q.16 (C)
P(sin2x) = P(cos2x)
P(sin2x) = P(1 – sin2x)

P(x) = P(1 – x) x [0, 1]

Differentiable both sides w.r.t x
P(x) = –P(1 – x)

So P(x) is symmetric about point
1

x
2



So P(x) has highest degree odd
 P(x) has highest degree even

Q.17 (A)
S = 2R2 + 2Rh + R2

(R = radius of hemisphere & cylinder)

V =
3 22

R R h
3
  

V =

2
3 22 5 3pR

R R
3 2 R

 
   

 

2 2dV 5 9
2 R R

dR 2 2


   

For maximum and minimum
dV

dR
= 0

5R2 = S
5R2 = 3R2 + 2Rh

2R = 2h
h : R = 1 : 1

Q.18 (A)
2 2
0 0x y 1  0 0x y fixed

x,y arbitrary
2 2

x y 1  , Let x = cos

y = sin
for men
z = (x – x

0
)2 + (y – y

0
)2

z = x2 + x
0

2 + y2 + y
0

2 – 2 (x x
0
+ y y

0
)

put x = cos , y = sin 

 2 2
0 0 0 0z x y 2 x cos y sin     

 0 0

dz
0 2 x sin y cos

d
    



dz
0

dz


x
0

sin = – y
0

cos

G

x0



y0

2 2

0 0x y

0

0

tan
y

x
 

0

2 2
0 0

sin
y

x y
 



0

2 2
0 0

cos
x

x y
 



0 0

2 2 2 2
0 0 0 0

x
x y

, y
x y x y

 
 

2 2

0 0
0 02 2 2 2

0 0 0 0

z
x y

x y
x y x y


   
     
       

2 2

2 2
0 02 2 2 2

0 0 0 0

x
1 1

1 y 1
x y x y

   
     
       

 
 
 

2 2
0 0

2 2
0 0 2

2 2
0 0

1 x y
x y

x y

 




   
2 2

2 2 2 2
0 0 0 01 x y x y 1    
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Q.19 (B)
Let Height of cone = h
Radius of base = r

And slant height =  ; = 2 2r h 

Given volume = surface area


2 21

r h r r
3
    

 rh 3 3r    
1

rh 3r
3

 

  2 2 r
r h h 3

3
  

  
2

2 2 2r
r h h 6h 9

9
   


2 2 2

2 r h 2hr
h

9 3
 


2

2 2

6r 54
h 6

r 9 r 9
  

 

Since h and r must be integers, and r2 – g must be a
factor of 54
r2 – 9 must be divisible by 3
 r = 3k

2 2

54 6
h 6 6

9k 9 k 1
   

 

Since O < k2 – 1 < 6
 k = 2 is only such value; for which h is integer
So, r = 2 × 3 = 6

6
h 6

3
   8

10
is the only possible values for r and h.

Q.20 (C)
Let height of radius of cylinder are h & r respectively.

Then volume
2 3

1

2
V r h r

3
    ....(A)

When height of cylinder is doubled then volume

2 3
2

2
V 2 r h r

3
    ....(B)

Given that
2

1

2
2h r

V 3 33
2V 2 2h r
3


  



2 3
2h r h r

3 2
   

h r 2
h r

2 3 3
    ......(C)

When radius is doubled then volume

1 2 3
2

16
V 4 r h r

3
    ]

1
2

1

16
4h r

V 3
2V h r
3






 
1
2

1

V 4h 8h
By 3 6

V h h


 



Hence volume will be increased by 500%

Q.21 (B)
y = x2 – 4 & 2y = 4 – x2

P (, )  2 = 4 – 2

P

24
,

2

  
  
 

Q

24
,

2

  
  
 

PQ = 2
S (, 2 – 4), R (–, – 4 + 2)

PS =

2 2
2 4 3 12

4
2 2

    
     
 

PQ

R S

2

2y = 4 – x2

y = x –42

–2

Area = PQ PS

=
 

 
2

3
3 12

2 . 3 12 A
2

 
       

  2 2 12 4
A' 9 12 0

9 3
       

2

3
   maximum at

2

3
  

Maix.=

A
2 8 2 16 16 3

3. 12. 9.22 9
33 3 3 3 3
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Q.22 (A)
Assume g (x) = p(x) – x2

(g(x) is polynomial differentiable function)

given p(x) > x2  p(x) –x2 > 0 x 0 

 g (x) > 0 x 0 
and g(0) = p(0) – 0 = 0

as g (x) > x 0 
 x = 0 should be a minima
 g” (x) should be  0 at x = 0
Now g’(x) = p’(x) –2x
and g’’(x) = p” (x) –2

1
2

2
 

3

2
  so, contradiction

 No such polynomial exist

Q.23 (B)

P(1 + x) = P(1 – x)  P(1 + x) = – P(1 – x)

 P'(1) = – P'(1)  P'(1) = 0

Also P(1) = 0

So if P(x) is quadratic then P(x) = a(x – 1)2

 m = 2

Q.24 (A)

Let g(x) = f (x)e–x; x  [0, 2]

so, g(0) = g(2) = 0 (as f (0) = f (2) = 0)

Thus,  c  (0, 2)

such that g'(c) = 0

 f '(c) = f (c)  

 S = 

Q.25 (B)

f '(x) = ex + 1 + nx > 0

(as x  [1, 2])

 f (x) increases in [1, 2]

 f
max

= f (2) = e2 + 2n2

Q.26 (C)

x3 + ax2 + bx + c = 0 = (x – a)(x – b)(x – c)

a + b + c = –a

 2a + b + c = 0 ...(i)

ab + bc + ca = b ...(ii)

abc = –c  ab = –1 [ c  0] ...(iii)

Also a is a root of equation

 2a3 + ab + c = 0  2a3 – 1 + c = 0

 c = 1 – 2a3

from (1)

2a2 + ab + ac = 0

2a2 – 1 + a(1 – 2a3) = 0

2a2 – 2a4 + a – 1 = 0

2a2(1 – a)(1 + a) + (a – 1) = 0

 (1 – a)[2a2(a + 1) – 1] = 0

 a = 1 or 2a3 + 2a2 – 1 = 0

when a = 1, b =
1

a


= –1 and c = 1 – 2a3 = –1

when 2a3 + 2a2 – 1 = 0

There will be only one real solution of

.(x) = 2x3 + 2x2 – 1 = 0

as f’(x) = 6x2 + 4x = 0  x = 0,
2

3



2
f (0).f 0

3

 
 

 

 corresponding to this real value of a one triplet is

possible

 Exactly two triplets (a, b, c) are possible

Q.27 (A)

f(x) = sinx + (x3 – 3x2 + 4x – 2) cosx,

x  (0,1)

f(0) = –2 > 0

f(1) = sin1 < 0

 f(0). f(1) < 0  f(x) has a zero in (0, 1)

Now,

f(x) = sinx + [(x – 1)3 + (x – 1)] cosx

 f'(x) = (3(x – 1)2 + 2)cosx . sinx[(x – 1)3 + (x – 1)]

= [3(x – 1)2 + 2] cosx + [(1 – x)3 + (1 – x)]sinx

> 0  x  (0, 1)

 f(x) is monotone in (0, 1)

Q.28 (C)

f() = sin(cos)

g() = cos(sin)

f'() = cos (cos) (– sin) < 0  [0, ]

 f() decreases monotonically

 a = max f() = f(0) = sin1

b = min f() = f() = –sin1

g'() = – sin(sin) cos

/2

– +

g() = 1; g() = 1; g cos1
2

 
 

 

 c = max g () = 1

d = min g() = cos1

b < d < a < c

Q.29 (B)

a x
h

a/4

h

y

r
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r x ra
x

h a h
  

r y

ah h
4





r a
y h

h 4

 
  

 

Equating value ofwater in both cases

2 2 21 1 a
( r h x a) y h

3 3 4

 
      

 

22 2 2
2 2

2

r a r a a
r h r h .a h h

h h 4 4

   
        

   

2

2

h h 21
0

a 4a 16
   

1 1 21
h 4 16 4
a 2

 


h 1 85

a 8




JEE-MAIN

PREVIOUS YEAR’S

Q.1 (1)

2 2x y

a b
 = 1 .....(1)

diff :
2x

a
+

2y

b

dy

dx
= 0 

y

b
+

dy

dx
=

x

a



dy

dx
=

bx

ay


.....(2)

2 2x y

c d
 = 1 .....(3)

diff.
dy

dx
=

dx

cy


.....(4)

m1m2 = –1 
bx

ay




bx

cy


= –1

 bdx2 = –acy2 .....(5)

(1) – (3) 
1 1

a c

 
 

 
x2 +

1 1

b d

 
 

 
y2 = 0


c a

ac


x2 +

d b

bd




bd

ac

 
 
 

x2 = 0 (Using 5)

 (c – a) – (d – b) = 0

 c – a = d – b

 c – d = a – b

Q.2 (1)

f(x) = x6 + ax5 + bx4 + x3

f’(x) = 6x5 + 5ax4 + 4bx3 + 3x2

Roots 1 & –1

 6 + 5a + 4b + 3 = 0 & – 6 + 5a – 4b + 3 = 0

solving a = –
3

5
b = –

3

2

 f(x) = x6 –
3

5
x5 –

3

2
x4 + x3

 5.f(2) = 5
96

64 24 8
5

 
    

= 144

Q.3 (2)

f(1) = f(2)

 1 – a + b + 1 = 8 – 4a + 2b + 1

3a – b = 7 .....(1)

f'(x) = 3x2 – 2ax + b

 f'
4

3

 
 
 

= 0  3 
16

9
–

8

3
a + b = 0

 –8a + 3b = –16 .....(2)

a = 5, b = 8

Q.4 (1)

P

dy

dx = 1

P(x ,y )1 1

 x1 = 1

P =
1

1,
2

 
 
 

 dmin =

1
1 1

2
2

 

=
1

2 2

Q.5 (1)

2 = a + b + c .....(i)

dy

dx
= 2ax + b 

(0,0)

dy

dx 

 b = 1  a + c = 1
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Q.6 (1)

tangent to x2 + 9y2 = a at point
3 3 1

,
2 2

 
 
 

is x
3 3

2

 
 
 

+9y
1

2

 
 
 

= 9

 option (1) is true

Q.7 [1225]

equation of normal at P

(y – 7) =
7 3

5 2

 
 

 
(x – 5)

3y – 21 = 4x – 20

 4x – 3y + 1 = 0 .....(i)

 M
1

, 0
4

 
 
 

equation of tangent at P

(y – 7) = –
3

4
(x – 5)

4y – 28 = – 3x + 15

 3x + 4y = 43 .....(ii)

 N
43

, 0
3

 
 
 

hence ar(PMN) =
1

2
× MN × 7

l =
1

2
× 175 × 7

 24 = 1225

Q.8 (1)

p

dy

dx = 4

 2x1 = 4

x1 = 2

 Point will be (2,8)

Q.9 (1)

f’(x) =
3

2

55 ; x 5

6(x x 20) ; 5 x 4

6(x x 6) ; x 4

  


    


  

f’ (x) =

55 ; x 5

6(x 5)(x 4) ; 5 x 4

6(x 3)(x 2) ; x 4

  


    
   

Hence, f(x) is monotonically increasing is (–5, –4)

 (4, )

Q.10 (2)

m =
dy

dx
= 2x3 – 15x2 + 36x

dy

dx
= 6x2 – 30x + 36

= 6 (x2 – 5x + 6) = 0

 x = 2, 3

2

2

d y

dx
= 6(2x – 5)

2

2

n 2

d y

dx


= –ve

 Maximum at x = 2

Point (2, 46)

Q.11 [9]

Let the equation of normal is Y–y  
1

X x
m

  

Satisfy (a,b) in it b–y  
1

1 x
m

  

 (b–y)dy=(x–a)dx

by
2 2y x

ax c
2 2

    ...(i)

It passes through (3, –3) & (4, 2 2 )
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9 9

3b 3a c
2 2

    

 –6b–9=9–6a+2c
 6a–6b–2c=18
 3a–3b–c=9 .... (ii)
Also

2 2b 4 8 4a c    

4a 2 2 b c 12   ...(iii)

Also a 2 2 b 3  ....(iv) (given)

(ii)–(iii)  a 2 2 3 b 3     (v)

(iv)+(v)  b=0 a=3
= a2+b2+ab=9

Q.12 (3)

equation of tangent at P(t,t3)

(y – t3) = 3t2 (x – t) .....(1)

now solve the above equation with

y = x3 .....(2)

By (1) & (2)

x3 – t3 = 3t2 (x – t)

x2 + xt + t2 = 3t2

x2 + xt – 2t2 = 0

(x – t) (x + 2t) = 0

 x = –2t ==> Q (–2t, –8t3)

Ordinate of required point =
3 32t ( 8t )

3

 
= 2t3

Q.13 (2)

f'(x) = (2x – 1) (x – sinx)

==> f'(x)  0 in x 
1

,
2

 
  

and f'(x)  0 in x 
1

,
2

 
  

Q.14 (2)

(x) = (4a  3)(x + log
e
5) + (a  7)sinx

(x) = (4a  3)(1) + (a  7)cosx = 0

 cosx =
3 4a

a 7





3 4a
1 1

a 7


  



3 4a
1 0

a 7


 



3 4a
1

a 7






3 4a a 7
0

a 7

  




3 4a
1 0

a 7


 



3a 4
0

a 7

 




3 4a a 7
0

a 7

  




43a
0

a 7






5a 10
0

a 7

 




5a 10
0

a 7






5 a 2
0

a 7






4
, 2

3

 
   

Check end point
4

, 2
3

 
 
 

Q.15 [406]

x a a
y '(x) 2x 15x 10


     = 2a2  15a + 10

Slope of normal =

 2a2 15a  10 = 3 a = 7

& a =
1

2
(rejected)

b = y(7) = (2t2  15t + 10)dt

=

73 2

0

2t 15t
10t

3 2

 
 
 

 6b = 4  73 45 x 49  60  7
|a + 6b| = 406

Q.16 [481]

2 x
1

2x

1 2
f(x) sin cos

1 2


  

      
at x= 1 ; 2 2x = 4

for

2
1

2

1 x
sin cos ;

1 x


  
     

Let tan–1 x =  ,
2 2

  
 
 

sincos–1 cos2 sin 2 

If x 1
2 4

2
2
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2

2 tan
2sin cos

1 tan


   

 

= 2

2x

1 x

Hence, f(x)
x

2 x

2 2

1 2





f’(x) =

2x x 2x x

2x

(1 2 )(2.2 ln 2) 2 2 ln2 2 2

(1 2 )

     



f 1(x) =
20 ln2 32 ln 2 12

ln2
25 25


 

So, a = 25, b = 12 |a2 – b2| = 252 – 122

= 625 – 144
= 481

Q.17 (2)

1
x 2 sin

x 0x

f(x) 0 x 0

1
x 2 sin

x

   
        

 


         

2

2

1 1 1 x 02 sin x cos ·
x x x

f (x)
1 1 1

x 02 sin x cos
x x x

               
       

                 

1 1 1
x 02 sin cos

x x xf (x)
1 1 1 x 02 sin cos
x x x


    

 


f’(x) is an oscillating function which is non-
monotonic in (–0) (0, ).
Option (2)

Q.18 [5]
f : [–1, 1] R
f(x) = ax2 + bx + c
f(–1) = a – b + c = 2 ...(1)
f’(–1) = –2a + b = 1 ...(2)
f”(x) = 2a

Max. value of f”(x) = 2a =
1

2

a
1

4
 b

3

2
 c

13

4

f(x) =  
2x 3 13

x
4 2 4

1–1–3

1
2

S

For, x [–1, 1] 2 f(x) 5
Least value of is 5

Q.19 [8]
Let p'(x) = a(x – 1) (x + 1) = a(x2 – 1)

p(x) =  
2a x 1 dx c

=
 

  
 

3x
a x c

3

Now p(–3) = 0


 
    
 

27
a 3 c 0

3

–6a + c = 0 ...(1)

Now


  
     

  

1 3

1

x
a x c dx 18

3

= 2c = 18  c = 9 ...(2)

from (1) & (2) –6a + 9 = 0 a =
3

2

p(x) =
 

  
 

33 x
x 9

2 3

sum of coefficient

=  
1 3

9
2 2

= 8

Q.20 (3)
Q.21 (4)
Q.22 [3]
Q.23 [1]
Q.24 (1)
Q.25 (3)
Q.26 (1)

Q.27 (3)

Q.28 (2)

Q.29 [22]
Q.30 (3)
Q.31 [2]
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Q.32 (3)
Q.33 [36]

Q.34 (2)

Q.35 [72]
Q.36 (3)

JEE-ADVANCED
PREVIOUS YEAR’S
Q.1 A s; B  t; C  r; D  r.

(A) Re


















)xyi2yx(1

)iyx(i2
22

= Re 

















)xyi2yx1

ix2y2
22

= Re 












)ixy(y2

ix2y2
= Re (–1/y) = y

1

= –1  y  1 = y

1
1 or y

1
– 1

2nd Method

Re 













 



i2

i

e1

ie2
= Re 













)2sini2(cos1

)sini(cosi2

= Re


















)cossini2sin2

)sini(cosi2
2

= Re 












)cosi(sinsin

)sini(cosi

= Re 












)sini(cossin

)sini(cos

= Re 












sin

1

as –1  sin  1
(– , 0 )  (0, )

(B) –1  2x2

2x

31

3.8





1

 –1  2t9

t8


 1

 –1  2t9

t8


 1

 0  2

2

t9

t8t9




 2t9

t8


– 1 0

 0 
9t

9t8t
2

2




 2

2

t9

t9t8




0

 0  )3t()3t(

)1t()9t(




 )3t()3t(

)1t()9t(




0

 t  (– , –9]  [–1 , 1]  [9, )
 x  (– , 0)  [2 , )
(C) f() = 2 sec2

 f()  2
 f()  [2, )

(D) f(x) = x3/2 (3x – 10)

 f ’(x) = x3/2 3 +
2

3
x1/2 (3x –10)

asf ’(x)  0

 







 )10x3(

2

3
x3x 2/1

 0

 3x +
2

x9
– 15  0


2

x15
– 15  0

 x  2
 x  [2, )

Q.2 [2]
f(x) = x4 – 4x3 + 12x2 + x – 1
f(x) = 4x3 – 12x2 + 24x + 1

f(x) = 12x2 – 24x + 24

= 12 (x2 – 2x + 2) > 0  x  R
 f(x) is S.I. function
Let is a real root of the eqution f(x) = 0
 f(x) is MD for x (– , ) and

M.I. for x (, ) where < 0
 f(0) = – 1 and < 0
 f() is also negative
 f(x) = 0 has two real & distinct roots.

Q.3 [2]

 2 =
2

1 (by property)


2

1




= 2
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Q.4 (A,BD)
Equation of normal is
y = mx – 2m – m3

(9, 6) satisfies it
6 = 9m – 2m – m3

m3 – 7m + 6 = 0  m = 1, 2, – 3

m = 1  y = x – 3
m = 2  y = 2x – 12
m = – 3  y = – 3x + 33

Q.5 (B)

Equation of normal at P(6, 3)

3

yb

6

xa 22

 = a2 + b2

It passes through (9, 0)

2a
2

3
= a2 + b2 

2

3
= 2

22

a

ba 
= 1 + 2

2

a

b

e = 2

2

a

b
1 =

2

3

Q.6 (AB)
Slope of tangents = 2

Equation of tangents y = 2x ± 4–4.9

 y = 2x ± 32

 2x – y ± 24 = 0 ....(i)

Let point of contact be (x
1
, y

1
)

then equation (i) will be identical to the equation

4

yy
–

9

xx 11
– 1 = 0


2

9/x1 =
1

4/y1 =
24

1–



 (x
1
, y

1
)  









2

1–
,

22

9
– and 









2

1
,

22

9

Q.7 [9]
p = (x – 1) (x – 3) = (x2 – 4x + 3)
p(x) = (x3/3 –2x2 + 3x) + 
p(1) = 6
6 = (1/3 – 2 + 3) + 
6 = (1/3 + 1) + 
18 = 4 + 3 ...(i)
p(3) = 2
2 = (27/3 – 2 × 9 + 9) + 
2 = 
 = 2   = 3
p(x) = 3(x – 1) (x – 3)
p(0) = 3(–1)(–3) = 9

Q.8 [5]

f(x) = |x| + |x2 – 1|

f(x) =





















1x1–xx

1x01x–x

0x1–1x–x–

1–x1–xx–

2

2

2

2

f(x) =





















1x1–xx

1x01xx–

0x1–1x–x–

1–x1–x–x

2

2

2

2

Q.9 (C)
x2 = x sinx + cos x
f(x) = x2

g(x) = x sin x + cos x
g(x) = sin x + x cos x – sin x
g(x) = x cos x

Only two solution.

Q.10 (A,C)

a

a

a
a

a
a

a

a a

a a

Let  = 8x, b = 15 x
Volume = (8x – 2a) (15x – 2a) (a) = 4a3 –

46a2x + 120 ax2

da

dV
= 6a2 – 46ax + 60 x2

5xatda

dV











= 0
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 x = 3 and
6

5

2

2

da

Vd
= 6a – 23x

3x&5aat

2

2

da

Vd
















< 0,

So, at x = 3 gives maxima

6

5
x&5aat

2

2

da

Vd
















> 0

So, at x =
6

5
gives minima.

da

dV
= 0 when a = 5 given ( 4a2 = 100 given

for maximum volume)

at a = 5

by
da

dV
= 0

 6x2 – 23x + 15 = 0
x = 3 or 5/6

So by x = 3 (for max volume)
8x = 24, 15x = 45 Ans. (A, C)

Q.11 [9]
Point of intersection of tangents at P and Q is R(2

sec, 0)

Area of PQR =
2

1
· 32 sin  · (2 sec  – 2 cos

)

  = 32 ·




cos

sin3

; where cos   








2

1
,

4

1



Now




d

d


 



2

32

cos

)sin(sincossin3.cos32
> 0

As  increases,  increases  when cos
decreases,  increases

 
min.

occurs at cos = 1/2, Therefore 
2

=

32 .
 

2/1

4/11
2/3


= 34 .

8

33
=

8

36


max.

occurs at cos = 1/4, Therefore 
1

=

32 .
 

4/1

16/11
2/3


= 38 .

4.4.4

15.15
=

16

53.15.32

 
1

=
8

45
5

Now
5

8


1
– 8

2
= 45 – 36 = 9

Q.12 (A, B)
f(x) = 2|x| + |x + 2| – | |x + 2| – 2 |x| |

=






















2x4x2

2x0x4

0x3/2–x4–

3/2–x2–4x2

2–x4–x2–

Graph of y = f(x) is
minima at x = –2, 0 ; maxima at x = –2/3

Comprehension (Q. No. 13 & 14)

Q.13 (D)
f(x) – 2f(x) + f(x)  ex

f(x)·e–x – f(x)e–x – f(x)e–x + f(x)e–x  1

dx

d
(f(x)e–x) –

dx

d
(f(x) · e–x)  1

dx

d
(f(x) e–x – f(x) e–x)  1

 2

2

dx

d
(e–xf(x))  1  x  [0, 1]

Let (x) = e–x f(x)
 (x) is concave upward
f(0) = f(1) = 0
 (0) = 0 = (1)  (x) < 0
 f(x) < 0
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Q.14 (C)
(x) < 0, x  (0, 1/4)
and
(x) > 0, x  (1/4, 1)
 e–x f(x) – e–x f(x) < 0, x  (0, 1/4)
f(x) < f(x), 0 < x < 1/4

Q.15 (A)
tangent at F yt = x + 4t2

a : x = 0 y = 4t (0, 4t)
(4t2, 8t) satisfies the line
8t = 4mt2 + 3
4mt2 – 8t + 3 = 0

Area =
2

0 3 1
1

0 4t 1
2

4t 8t 1

=
2

1
(4t2 (3 – 4t))

= 2t2 (3 – 4t)
A = 2[3t2 – 4t3]

dt

dA
= 2[6t – 12t2]

= 24 t(1 – 2t)

t = 1/2 maxima
G(0, 4t)  G(0, 2)
y

1
= 2

(x
0
, y

0
) = (4t2, 8t) = (1, 4)

y
0

= 4

Area = 









2

1

4

3
2 =

2

1

4

23
2 







 

Comprehension (Q. No. 16 & 17)

Q.16 (B)

R lies on y = 2x + a
R, y = 2x + a

 









t

1
ta = –a

t –
t

1
= –1



2

t

1
t 








 = 1 + 4 = 5

PQ = a

2

t

1
t 








 = 5a

Q.17 (D)

t

1
t  = –1

 t +
t

1
= 5

tan =
41

t2
t

2





=
3

t
t

1
2













=
3

52



Q.18 (BD)
f(x) = x5 – 5x + a = 0

x5 – 5x = –a
x(x4 – 5) = –a

x(x2 – 5 )(x2 + 5 ) = –a

x(x – 51/4)(x + 51/4)(x2 + 5 ) = –a ...(1)

f'(x) = 5x4 – 5 = 0
(x2 –1)(x2 + 1) = 0

(x – 1)(x +1)(x2 + 1) = 0
–1 1

+–+

(0, 4)

5
1/410

–1

–5
1/4

(0, –4)

Q.19 [8]

(y – x5)2 = x(1 + x2)2

2(y – x5)
4dy

5x
dx

 
 

 
= (1 + x2)2 + 2x (1 + x2) 2x

at point (1, 3)

 2(3 – 1)
dy

5
dx

 
 

 
= 4 + 8

dy
5

dx
 =

12

4
= 3

dy

dx
= 8
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Q.20 (D)

y = mx +
2

m
If it is tangent to x2 + y2 = 2

Then, 2

2

m

1 m = 2

 2 2

4

m (1 m )
= 2  m = ± 1.

P

Q

(–2,0)

R

S

Hence equation of tangent is y = x + 2

and y = –x – 2.
Chord of contact PQ is –2x = 2 x = – 1
Chord of contanct RS is y. 0 = 4 (x – 2)  x = 2

Hence co-ordinates of P, Q, R, S are (–1, 1) ;
(–1, –1) ; (2, – 4) & (2, 4)
Area of trapezium is

=
1

2
(PQ + RS) × Height =

1

2
(10) × 3 = 15

Comprehension (Q. No.21 & 22)
Q.21 (D)

m
PK

= m
QR

'

2 2 2

2at – 0 2at – 2ar

at – 2a a(t ') – ar


2t

t
2 

= 2 2

t ' r

(t ') r





– t – tr2 = – t – rt2 – 2t + 2r , tt = –1

t – tr2 = – t + 2r – rt2

–tr2 + r(t2 – 2) + t + t = 0

 =
     

2
2 2 22 – t t – 2 4 –1 t

–2t

  

R(r)

P(t)

F K(2a,0)

=
 2 42 – t t

–2t


=

2 22 – t t

–2t



r = –
1

t
It is not possible as the R & Q will be one same.

or r =
2t – 1

t
(D) Ans.

Q.22 (B)
Tangent at P is ty = x + at2

Normal at S is y + sx = 2as + as2

ty + x = 2a + 2

a

t

ty = 2a +
2

a

t
– ty + at2

2t3y = at4 + 2at2 + a

y =
 

2
2

3

a t 1

2t


.

Q.23 [4]

Let any point on y2 = 4x be

2p
, p

4

 
  
 

, where ‘p’ is a

parameter.

Let the image of the above point on curve ‘C’ be
(h, k).

The slope of the line x + y + 4 = 0 is –1.

Hence, slope of the line joining

2p
, p

4

 
  
 

and (h, k)

is 1.

 k – p = h –
2p

4


2p

4
– p – h + k = 0 .......... (1)

Also, the midpoint of

2p
, p

4

 
  
 

and (h, k) lies on x + y

+ 4 = 0



2p
h

p k4 4 0
2 2




  


2p

4
+ p + h + k + 8 = 0 ............ (2)

Adding (1) and (2) we get,

2p

2
+ 2k + 8 = 0

 p2 = –4k – 16 .......... (3)
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Subtracting (1) from (2) we get,

2h + 2p + 8 = 0

 p = – 4 – h .......... (4)

Eliminating ‘p’ from (3) and (4), we get

(h + 4)2 = –4(k + 4).

Hence, equation of curve C is (x + 4)2 = –4(y + 4)

For y = –5, we get (x + 4)2 = 4  x = – 6, –2

Hence, the distance between A and B is 4.

Q.24 [2]
Slope of tangents at the end points of the latusrectum
of y2 = 4x are ±1

Hence, the slopes of normals are  1.

Equations of normals are y – 2 = –1 (x – 1) and y + 2
= 1 (x – 1)
x + y – 3 = 0 and x – y – 3 = 0
If these are tangents to the circle
(x – 3)2 + (y + 2)2 = r2,
the distance of the centre of the circle (3, –2) from
the tangents is equal to ‘r’.

 2 2

3 ( 2) 3
r

1 1

  



 r 2  r2 = 2

Q.25 (A,D)
Let the coordinates of P and Q be

2
1

1

t
, t

2

 
  
 

and

2
2

2

t
, t

2

 
  
 

respectively..

Since PQ is the diameter of the circle on which the
vertex O lies,

OP OQ 
1 2

2 2
1

t t
    t

1
t
2

= –4

Now area of OPQ =
1

2
OP.OQ = 3 2


4 4

2 21 2
1 2

t t1
t t 3 2

2 4 4
  


2 2
1 2

1 2

4 t 4 t1
t t 3 2

2 4 4

 


Squaring both sides, we get

2 2
1 216 4(t t ) 16

4 18
16

  
 

 t
1

2 + t
2

2 = 10
 t

1
4 – 10t

1
2 + 16 = 0

 t
1

2 = 2, 8

Hence, coordinates of

2
1

1

t
P , t

2

 
  
 

are

 1, 2 or  4, 2 2

Q.26 [4]

e2 = 1 –
2

2

b 5 4
1

9 9a
  

e =
2

3
focii (2, 0) (–2, 0)

p
1

: y2 = 8x,

y = m
1
x +

1

2

m

0 = –4m
1

+
1

2

m

 2
14m 2

 m
1

= ±
1

2
p

2
: y2 = –16x

 y = m
2
x

2

4

m


 0 = 2
2

4
2m

m


 2
22m 4

2
22

1

1
m 2 2 4

m
   

Q.27 (A,B)

E
1
 2

2

a

x
+ 2

2

b

y
= 1

E
2

=
2

2

x

A 2

2

B

y
= 1

Now as x + y = 3 is a tangent
a2 + b2 = A2 + B2 = 9

Now point P is
x2 + (2 – x)2 = 2
2x2 – 4x + 2 = 0

x = 1
so P is (1, 2)

points Q & R are 








3

4
,

3

5
& 









3

8
,

3

1

Now 








3

4
,

3

5
lies on E

1
so  22 a99

16

a9

25


 = 1

 225 – 25a2 + 16a2 = 9a2(9– a2)
 225 – 9a2 = 9a2(9 – a2)
 25 – a2 = a2(9 – a2)

 a4 – 10a2 + 25 = 0  a2 = 5 so b2 = 4

e
1

2 =
5

1

Now 








3

8
,

3

1
lies on E

2
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2A

1
+  2A9

64


= 9

9 –A2 + 64A2 = 9A2 (9 – A2)
1 + 7A2 = A2 = 9A2 – A4 A4 – 2A2 + 1 = 0
 A2 = 1 So B2 = 8

e
2

2 =
8

7

Q.28 (A,B,D)

H

P
(x

,y
)

1
1

M

N(x ,0)2

(1/x,0)
O

Equation tangent to H at P is xx
1

– yy
1

= 1

 =
3

x

1
xx

1
21 

, m =
3

1–x

3

y
2
11 

now,
PatHdx

dy
=

PatSdx

dy


1

12

1

1

y

x–x

y

x
  x

2
= 2x

1

So ,  = x
1

+
1x3

1

2
11 x3

1
–1

dx

d



, 3

1

dy

dm

1

 ,
3–x

x
.

3

1

dx

dm

2
1

1

1



Q.29 [4]
Volume of material V = r2h

 V
1

= (r + 2)22 + (r + 2)2h – r2h
 V

1
= 2(r + 2)2 + h(4 + 4r)

 V
1

= 2(r + 2)2 + 4h(r + 1)

 V
1

= 2
2

2

2(r 1)V
(r 2)

r

 
  

 


1

2 3

dV 2v 1 2
2 2(r 2) 0

dr r r

  
          

 3

2V 2 10
24 0

10

  
    

 3

24v
24

10



 v = 103


v

4
250




Q.30 [3]

F(x) = 




6
x

x

2

2cos2 + dt ;

F(x) = 2

2

2

6
xcos 















 
 2x – 2cos2x

 F(a) + 2 = 
a

0

dx)x(f

 2

2

2

6
acos 















 
 2a – 2cos2a + 2 = 

a

0

dx)x(f

 4cos2 






 


6
a2

+ 4a 2cos








 


6
a2

. 














 


6
asin 2

× 2a + 4cosa sina = f(a)

 f(0) = 4

2

2

3













= 3

Q.31 (B, C)

Let h(x) = f(x) – 3g(x)









3)0(h

3)1(h
 h'(x) = 0 has atleast one root in (–1,

0) and atleast one root in (0, 2)
h(2) = 3
But since h"(x) = 0 has no root in (–1, 0) & (0, 2)
therefore h'(x) = 0 has exactly 1 root in (–1, 0) &
exactly 1 root in (0, 2)

Q.32 (C,D)

ex  (1,e) for x  (0,1)

and    
x

0

0 f t sin t dt 1 in 0,1 

 (A) is wrong

   
x/2

0

f x f t sin t dt 0 

 (B) is wrong

Let    
x

2

0

g x x f t cos t dt
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2

0

g 0 f t cos t dt 0



  

   
1

2

0

g 1 1 f t cos t dt 0




  

 (C) is correct

Let h(x) = x9 – f(x)

h(0) = – f(0) < 0

h(1) = 1 – f(1) > 0

 (D) is correct

Q.33 (D)

Q.34 (C)
Q.35 (C)

f(x) = x + nx – x nx

 
1 1

f ' x 1 nx x nx
x x

 
      

 

   2

1 1
f " x 0 x 0,

x x
      

 f’(x) is strictly decreasing function for x(0, )

 

 
 x

x 0

Limf ' x
f ' x 0 has only

Limf ' x






 
 

 

one real in (0, )

f’ (1) = 1 > 0

 
1

f ' e 1 0
e

  

 f’ (x) = 0 has one root in (1, e)
Letf’() = 0 where  (1, e)

+ +

1 e
– –

 f(x) is increasing in (0, ) and decreasing in
(, )

f(1) = 1 and f(e2) = e2 + 2 – 2e2 = 2 – e2 < 0
 f(x) = 0 has one root in (1,e2)

From column 1 : I and II are correct.

From column 2 : ii, iii, and iv are correct.
From column 3 : P, Q, S are correct

Q.36 (B)
f”(x) > 0 for all x  R, f(1/2) = 1/2, f(1) = 1
 f’(x) increases

Let g(x) = f(x) – x, x  [1/2,1]

Then g’(x) = 0 has atleast one real root in (1/2,1)
f’(x) = 1 has atleast one real root in (1/2,1)
Hence f’(x) increases  f’(1) > 1

Q.37 (A,C)
f’(x) – 2 (f(x) > 0

   2. 0xd
f x e

dx
   g(x) = f(x).e–2x is an

increasing function.

for x > 0, g(x) > g(0)
 f(x). e–2x > 1  f (x) > e2x

Now f’ (x) > 2f(x) > 2.e2x

 f (x) is an increasing function

Q.38 (BC)

 
     cos 2 cos 2 sin 2

cos cos sin

sin sin cos

x x x

f x x x x

x x x

  

= cos2x – cos2x (–cos2x + sin2x) + sin2x (–
2sinxcosx)

f(x) = cos4x + cos2x
 f(x) = 2cos22x + cos2x – 1
Let cos2x = t

 f(x) = 2t2 + t – 1 and t [–1,1]

f(x) attains its minima at  
1

1,1
4

t    

f(x),  
1

1,1
4

t    

   min

2 1 9
1

16 4 8
f x


   

  max 2 1 1 2...........f x     (when cos2x

= 1)
f’(x) = – 4sin4x – 2sin2x

f’(x) = 0  4sin4x + 2sin2x = 0
 8sin2xcos2x + 2sin2x = 0
 2sin2x(4cos2x + 1) = 0  sin2x = 0 or

1
cos 2

4
x  

y = sin2x

––

y = cos2x

––

Hence option (B), C)
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Q.39 (A,B,D)

f(x) can't be constant throught the domain. Hence we

can find x  (r, s) such that f(x) is one-one option (A)

is true.

Option (B) : |f '(x
0
)| =

f (0) f ( 4)

4

 
 1 (LMVT)

Option (C) : f(x) = sin ( 85x) satisfies given condition

but
x
lim sin ( 85x)


D.N.E.

 Incorrect

Option (D) : g(x) = f 2(x) + (f '(x))2

|f '(x
1
)|  1 (by LMVT)

|f(x
1
)|  2 (given)

 g(x
1
)  5 x

1
 (–4, 0)

Similarly

g(x
2
)  5 x

2
 (0, 4)

g(0) = 85  g(x) has maxima in (x, x
2
) say at .

g'() (f() + f ''())0 = 0

If f '() = 0  g() = f 2()  85 Not possible

 f() + f ''() = 0   (x
1
, x

2
)  (–4, 4)

option (D) correct.

Q.40 (B, C)

f '(x) = (e(f(x) – g(x)))g'(x)  x  
 e–f(x) . f '(x) – e–g(x) g'(x) = 0


f (x) g(x)(e f '(x) e .g '(x))dx  = C

 f (1) g(1) f (2) g(2)e e e e      


g(1) f (2)1 1

e e
e e

     


f (2) g(1) 2

e e
e

  


f (2) g(1)2 2

e and e
e e

  

 – f(2) < ln 2 – 1 and –g(1) < ln 2 – 1

 f(2) > 1 – ln 2 and g(1) > 1 – ln 2

Q.41 (A,B,D)

f(x) =

5

2

3 2

e

(x 1) – 2x, x 0;

x x 1, 0 x 1;
2 8

x 4x 7x , 1 x 3;
3 3

10
(x 2)log (x 2) x , x 3

3

  
    


     

     

for x < 0, f(x) is continuous

&
x
lim


f(x) = –  and –x
lim


f(x) = 1

Hence, (– ,1)  Range of f(x) in (– , 0)

f’(x) = 5 (x + 1)4 – 2, which changes sign in (– , 0)
 f(x) is non- monotonic in (–  , 0)
For x  3, f(x) is again continuous and

x
lim


f(x) =  and f(3) =
1

3


1

,
3

 
 

 Range of f(x) in [3, )

Hence, range of f(x) is R

f’(x) = 2

2x 1, 0 x 1

2x – 8x 7, 1 x 3

  


  

f'(x)
(1,1)

(–1,0)
(2,1)

x

Hence f’ has a local maximum at x = 1 and f’ is NOT
differentiable at x = 1.

Q.42 (A,B,C)
f(x) = (x – 1) (x – 2) (x – 5)

F(x) =

x

0

(t)dt f x > 0

F(x) = f(x) = (x–1)(x–2)(x–5), x > 0
clearly F(x) has local minimum at x = 1,5
F(x) has local maximum at x = 2
f(x) = x3 = – 8x2 + 17x – 10

 F(x) =

x
3 2

0

(t – 8t 17t –10)dt

F(x) =
4 3 2x 8x 17x

– –10x
4 3 2



1 2 3

f(x)

x

from the graph of y = F(x), clearly F(x) 0 x (0,5) 

Q.43 (A,C,D)

f(x) = 2

sin x

x



f’x =

x
2x cos x tan x

2

x
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1/2 1 2 3 4
3/2 5/2 7/2 9/2

y1
x1 y2 x2

 |x
n

– y
n
| > 1 for every n

x
1

> y
1

x
n
 (2n, 2n + 1/2)

x
n + 1

– x
n

> 2.

Q.44 (C)

0

2 2sin2x

/4



/2

II
,2 cos2

4

 
   

 



Perimeter = 2(2+2cos2)
P=4(+cos2)

 
dP

4 1 2sin2 0
d

   


1
sin 2

2
 

5
2 ,

6 6

 
 

2

2

d P
4cos 2

d
  



for maximum
12


 

Area = (2) (2cos 2)

3
2

6 2 2 3

 
   

Q.45 [5.00]
f(x)=(x2–1)2 h(x) ; h(x)=a

0
+a

1
x+a

2
x2+a

3
x3

Now, f(1) = f(–1)=0
 f ()=0, a(–1, 1) [Rolle’s Theorem]
Also, f (1f (–1)=0  f (x)=0 has atleast 3 root, –
1, , 1 with –1<<1
 f xwill have at least 2 root, say  such that
–1<<<<1 [Rolle’s Theorem]
So, min (m

f 
)=2

and we find (m
f 
m

f 
)=5 for f(x) = (x2–1)2.

Thus Ans. 5

Q.46 (A,C)

 
 

2 2

x
x

b x
 



f
f

 
  2 2

x dx
dx

x x b




 
f

f

  11 x
n | x | tan c

b b
  

   
 

 f

Now f (0)=1

 c = 0  
11 x

tan
b b| x | e

  
 
  f

 
11 x

tan
b bx e

  
 
   f

since f (0)=1  f(x)
11 x

tan
b be

  
 
 

x – x

 
11 x

tan
b bx e

  
  

  f

 f (–x) . f (x)=e0=1 (option C)
and for b > 0

 
11 x

tan
b bx e

  
 
 f

 f (x) is increasing for all xR (option A)

Q.47 [0.50]
f ()=(sin+cos)2+(sin–cos)4

f ()=sin22–sin
f ()=2(sin2cos–2cos
 cos2sin2–
critical points

0 /12

+–

/4 /12 /4 

+– –

so, minimum at
5

,
12 12

 
 

1 2

1 5 6 1

12 12 12 2
     

Question Stem for Question Nos. 48 and 49
Question Stem

Q.48 [57.00]

   
21x j

1 0
j 1

f x t j dt


 

          
21

j 2 3 21'
1

j 1

f x x j x 1 x 2 x 3 .... x 21


      

f (x)1

1 2 3 20
21
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So points of minima one 4m+1 wher m=0, 1, .... 5
 m

1
=6

Points of maxima are 4m–1 where m=1,2,...5  5 
n

1
=5

 2m
1
+3n

1
+m

1
n

1
=57

Q.49 [6.00]
f

2
 (x) = 98(x – 1)50 – 600(x – 1)49 + 2450

 f
2
 (x) = 2 × 49 × 50(x – 1)49 – 50 × 12 × 49(x –

1)48

= 50 × 49 × 2(x – 1)48 (x – 1 – 6)
= 50 × 49 × 2(x – 1)48 (x – 7)

– ++–

f (x)2


7

Point of minima = 7
 m

2
= 1

No point of maxima
 n

2
= 0

6m
2

+ 4n
2

+ 8m
2
n

2
= 6

Paragraph

Q.50 (C)
2 22 –x 2 –xf'(x) = (| x | –x )e + (| x | –x )e , x  0

22 –xf' = 2(x – x )e

+++ – – –

0 1
hence option (D) is wrong

2–xg'(x) = xe 2x

2–xf'(x) + g'(x) = 2×e

2–xf'(x) + g(x) = –e + c

2–xf'(x) + g(x) = –e +1

F(n3) +   1 2
g n3 1–

3 3
  (option (A) is wrong)

H(x) = 
1
(x) – 1 – x = e–x + x – 1 – x ,

x  1 &   (1 , x)
H (1) = e–1 + 1 – 1 –  < 0
H’ (x) = –e–x + 1 –  > 0  H(x) is   option (B) is
wrong
(C) 

2
(x) = 2 (

1
() – 1)

Applying L.M.V.T to 
2

(x) in [0, x]

 
   ' 2 2

2

x 0

x

 
  

 2 x 0
2 2 2e

x
  

  

     2 1x 2x 1    has one solution

Option (C) is correct

Q.51 (D)
(A) 

1
(x)=e–x+x, x, 0

  x
1
' x 1 e 0      1 x is 

   1 1x 0   x 0    1 x 1 

(B)   2 x
2 x x 2x 2 2e     x 0

   x
2 1
' x 2x 2 2e 2 x 2 0        x 0 

  2 x is  Þ    2 2x 0     2 x 0 

(C)    
2x

2 t

0
f x 2 t t e dt  &

1
x 0,

2

 
 
 

2 2x x
t 2 t

0 0
2te dt 2t e dl   

2x x

0
e |

 

Let H(x) =  
2x 3 52 2 1

f x 1 e x x ,x 0,
3 5 2

  
     

 

H (0) = 0

   
2 22 x x 2 4H x 2 x x e 2xe 2x 2x      

22 x 2 42x e 2x 2x   

 22 2 x2x 1 x e  

xe 1 x   x 0 

 H(x)0

 H(x) is    
1

1 1 x 0 x 0,
2

 
    

 

Let P (x)    3 5 72 2 1 1
g x x x x x 0,

3 5 7 2

 
    

 

 
22 x 2 4 6P x 2x e 2x 2x x    

2 4 6
2 2 4 6x x x

2x 1 ... 2x 2x x
1 2 3

 
        

 

8 10x x
......

3 12
  

P(x)
P(x)is 
 P(x)

option (D) is correct

Q.52 [182]

Let f (x) =
10x

x 1
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So,  
 
   

 2 2

x 1 x 10
' x 10 0 x 0,10

x 1 x 1

  
     
   

f

So, f (x) is an increasing function

So, range of f (x) is
100

0,
11

 
 
 

1/9 9

0 2/3

10x 10x
I dx dx

x 1 x 1

   
    

    
  +

2/3

1/9

10x
dx

x 1

 
 

 


+

9

2/3

10x
dx

x 1

 
 

 


10

9

10x
dx

x 1

 
 

 


2/3 9 10

1/9 2/3 9

0 dx 2 dx 3 dx     

 
2 1 2

2 9 3 10 9
3 9 3

 
      

 

6 1 25 5 50
2 3 3

9 3 9 3


      

5 150 27 182
182

9 9

 
  

Q.53 (A,B)

2

2

x – 3x – 6
f(x) =

x + 2x + 4

2 2

2 2

(x + 2x + 4)(2x – 3) – (x – 3x – 6)(2x + 2)
f'(x) =

(x + 2x + 4)

2 2

5x(x + 4)
f'(x) =

(x + 2x + 4)

f (x) :
+

–4 0

+–

(–4) =
11

6
, (0) = –

3

2
,

x ±0
lim f(x) = 1


Range :
3 11

– ,
2 6

 
 
 

, clearly f(x) is into
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Indefinite Integration

ELEMENTRY
Q.1 (2)

3
3

3

1 1 3
x dx x 3x dx

x xx

   
       

   
 

4 2

2

x 1 3x
3log x c

4 22x
    

4 2

2

x 3x 1
3log x c.

4 2 2x
    

Q.2 (4)

2
x x

1 sin x dx sin cos dx
2 2

 
   

 
 

x x x x
sin dx cos dx 2cos 2sin c

2 2 2 2
      

x x
2 cos sin c 2 (1 sin x) c.

2 2

 
        

 

Q.3 (2)

dx
e1

e

e1

dx
x

x

x  








Put te1 x    dtdxe x  , then it reduces to

  )e1log(tlog
t

dt x

Q.4 (1)

 


 )xlog1(x

dx

xlogxx

dx

Now putting ,dtdx
x

1
txlog1  it reduces to

)xlog1log()tlog(
t

dt


Q.5 (3)

Putting ,dx
x1

1
dtxtant

2
1


 

we get

 




dtedx
x1

e t
2

xtan 1

.cece xtant 1




Q.6 (2)

  


 2

2

22 )1x(tan

dxxsec
dx

)xtan1(xcos

1

Put ,dtdxxsect1xtan 2  then it reduces to

.c
xtan1

1
c

1xtan

1
dt

t

1
2










Q.7 (2)

Put ,dt2dx
x

1
tx  then it reduces to

.cxcos2ctcos2dttsin2 

Q.8 (1)

Put ,dxxsecdtxtant 2 then

dt
2t

1

4xtan

dxxsec

222

2







.c]4xtanxlog[tan 2 

Q.9 (1)

 



  dx

x1

11x

2

1
xtan

2

x
dxxtan.x

2

2
1

2
1

cxtan
2

1
x

2

1
xtan

2

x 11
2

 

cx
2

1
)1x(.xtan

2

1 21  

Q.10 (4)

Let
2xI e sin3x dx 

2x 2xe cos3x 2e cos3x
dx

3 3

 

   
2x 2x 2xe cos3x 2 e sin3x 2e sin3x

dx
3 3 3 3

   
    

 


EXERCISES
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2x 2xe cos3x 2e sin3x 4
I I

3 9 9

 

    

2x13 3cos3x 2sin3x
I e

9 9
  

     

Hence
2x1

I e [3cos3x 2sin3x]
13

   .

Note : Students should remember this question as a

formula.

Q.11 (4)

2xe ( sin x 2cos x)dx 

2x 2xe sin x dx 2 e cos x dx   

2x 2x 2xe cos x 2 e cos x dx 2 e cos x dx c    
2xe cos x c. 

Aliter :
2x 2xe (2cos x sin x)dx e cos x c  

 kx kxe k f (x) f (x) dx e f (x) c
 

   
 

Q.12 (1)

2
2

log x
dx log x (x 1) dx

(x 1)

 
 

 1log x. (x 1)   11
.{ (x 1) }dx

x
  

log x 1
dx

(x 1) x(x 1)


 

 
log x 1 1

dx
(x 1) x x 1

  
     

log x
log x log(x 1)

x 1


   



Q.13 (3)

  dx)xcosecxcot(edx)xcotxcot1(eI 2x2x

c)xcot(ex  cxcotex 

Q.14 (1)

Putting txtan 1  and ,dt
x1

dx
2



we get

 














dt)tsect(tanedx

x1

xx1
e 2t

2

2
xtan 1

cexcttane xtant 1




  







 C)x(fedx)x(f)x(feUsing xx

.

Q.15 (1)

  












c)x1log(xlogdx

x1

1

x

1

)xx(

dx
2 .

Q.16 (1)

  


 )x1)(x1(

dx

xxx1

dx
232

 






 dx

x1

x

2

1
dx

x1

1

2

1
dx

x1

1

2

1
22

cx1log
2

1
x1logxtan

2

1 21  
.

Q.17 (1)

  






dx

2x

2
dx

1x

1
dx

)1x)(2x(

x

2

e e e

(x 2)
log (x 1) 2log (x 2) c log c.

(x 1)


       



Q.18 (1) We have

)1x(

CBx

)1x(

A

)1x)(1x(

1
22 









)1x)(CBx()1x(A1 2 

If ,1x  then
2

1
A  .....(i)

2

1
C1CA  .....(ii)

2

1
B0BA  .....(iii)

Putting these values, we get

)1x(2

1x

)1x(

1
.

2

1

)1x)(1x(

1
22 









Hence

dx
1x

1x

2

1

)1x(

dx

2

1
dx

)1x)(1x(

1
22  









.cxtan
2

1
)1xlog(

4

1
)1xlog(

2

1 12  
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Q.19 (2)

dx
6xx

5
1dx

6xx

1xx
22

2

 















dx
)2x)(3x(

5
1 










  





3x

dx

2x

dx
dx

c)3xlog()2xlog(x  .

Q.20 (3)
















   4x

dx

1x

dx

3

1

)4x)(1x(

dx
2222

c
2

x
tan

6

1
xtan

3

1
c

2

x
tan

2

1
xtan

3

1 1111 







 

.

Q.21 (4)

  



dx

)x1)(x1(x

1
dx

xx

1
3

 












 dx

x1

1

x1

1

x

2

2

1

c
)x1(

x
log

2

1
)]x1log()x1log(xlog2[

2

1
2

2




 .

Q.22 (2)

  





dx

)bx()ax(

bxax

bxax

dx

 





 dx)bx(
)ba(

1
dx)ax(

)ba(

1 2/12/1

.c])bx()ax[(
)ba(3

2 2/32/3 




Q.23 (4)

  


 xcos1

dx

xcos

dx
dx

)xcos1(xcos

1

  dx
2

x
sec

2

1
dxxsec 2

.c
2

x
tan)xtanxlog(sec 

Q.24 (1)

  dxxsin.xcos)xcos1(dxxcosxsin 2223

Put ,dtdxxsintxcos  then it reduces to

c
3

)x(cos

5

)x(cos
c

3

t

5

t
dt)tt(

3535
42   .

Q.25 (2)

  dx)x3cosx2(sin2
2

1
dxx3cosx2sin

cxcos
5

x5cos

2

1
dx)xsinx5(sin

2

1









 

.c
5

x5cos
xcos

2

1











Q.26 (2)

 


















dx

e2

e

e1

e
dx

)e2)(e1(

e
x

x

x

x

xx

x

Now put te1 x  and ,te2 x  then the required

integral

.c
e2

e1
log)e2log()e1log(

x

x
xx 

















Q.27 (3)

  xcos45

dx

dx

2

x
tan9

2

x
sec

2

x
tan1

2

x
tan1

45

dx

2

2

2

2





























Put ,t
2

x
tan  then it reduces to

 











 c
2

x
tan

3

1
tan

3

2

t3

dt
2 1

22

Aliter : Apply direct formula

i.e.,  
dx

xcosba

1
, {a > b}

c
2

x
tan

ba

ba
tan

ba

2 1

22



















 

We get .c
2

x
tan

3

1
tan

3

2

xcos45

dx 1 
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Q.28 (2)

Put ,dtt2dxdtdx
x2

1
tx  then

c)tsintcost(2dttsint2dxxsin  

.c)xcosxx(sin2 

Trick : Let ,tx2sec  then dt
2

1
dxx2tanx2sec 

 cx2sec
2

1
x2sec

6

1
ct

2

1
t

6

1
dt)1t(

2

1 332  .

Q.29 (4)


















































2
x

1
x

dx
x

1
1
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1x
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2

1 2
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Q.30 (4)
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1
x

1
x

x

1
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1
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1
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JEE-MAIN
OBJECTIVE QUESTIONS
Q.1 (1)

  )x(sin.xsin

dx

=
sin

1
 


dx

)xsin(xsin

)xxsin(

= cosec   



)xsin(xsin

xsin)xcos(xcos)xsin(

= cosec     )xcot(dxxcot + C

= cosec  [log |sin x| – log |sin (x + )|] + C

= cosec  log
)xsin(

xsin


+ C

Q.2 (1)

 =









 


dx

x–
2

cos1

1

= 







 
dx

2

x
–

4
cos2

1

2

=  






 
dx

2

x
–

4
sec

2

1 2

= b
4

–
2

x
tan 







 
 a = –

4


, b  R

Q.3 (2)

 = – b
2

x2sin
x2cos

2

1
 = b

4
x2sin

2

1








 


= b
4

5
x2sin

2

1








 
  a =

4

5
 , Rb 

Q.4 (1)

 =  xcos

x2cos
dx = 



xcos

1xcos2 2

dx = 2 sin x –

 dxxsec = 2 sin x – n |sec x + tan x| + C

Q.5 (3)

Sol.  (f(x) g’’(x) – f ’’(x) g(x)) dx

= f(x)  g’’(x) . dx –  f ’(x) g’(x) dx – g(x)  f ’’(x)

dx +  g’(x) f ’(x) dx
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Indefinite Integration

= f(x) g’(x) – f ’(x) g(x) + c

Q.6 (2)

 



xcosxsin21

xcosxsin
22

88

. (4)x

4 4 2 2 2 2

4 4

(sin cos x) (sin x cos x) (sin x cos x)
dx

(sin x cos x)

  



= –  dxx2cos = –
2

x2sin
+ c

Q.7 (4)

 dx
xcotxtan

xcotxtan
11

11









  dx
2/

xcotxtan 11



 




2
 dxxtan

2
xtan 11












 




2
 dx

2
xtan2 1








 





4








 |x1|n

2

1
xtanx 21  – x + c




4
x tan–1 x –



2
n |1 + x2| – x + c

Q.8 (2)

dx
x

a x



put x = t 
x2

1
dx = dt Þ

x

dx
= 2dt

= 2
ta dt =

t2a

n a
+ c = 2

an

a x


+ c

Q.9 (3)

I = dx5.5.5 x55 xx5

 Let t5
x55 

dtdx5n5.5n5.5n.5 x55 xx5



dx5.5.5 x55 xx5

= 3)5n(

dt



I =  3)5n(

dt


=

3)5n(

t


+ c = c

)5n(

5
3

5
x5




Q.10 (1)

dx
xcosxsin

xtan


dx
xtan

xsecxtan 2


tan x = t2  sec2 x dx = 2t dt

 2t

dtt2.t
= 2t + c = 2 xtan + c

Q.11 (4)

x

x

2
dx

1 4


2x = t  2x ln 2 dx = dt  2x dx =
2n

dt



2n

1

 
 2t1

dt
=

2n

1


sin–1(2x) + c

Q.12 (3)

3tan 2x sec 2x dx

  dxx2sec)1x2(secx2tan 2

= dx
x2cos

x2sin
dx

x2cos

x2sin
24  

put cos 2x = t

sin 2x dx = –
2

dt

= –
2

1
 4t

dt
+

2

1
 2t

dt

= –
2

1

















3

t 3

–
2

1

t

1
+ c

=
6

1
sec3 2x –

2

1
sec 2x + c

Q.13 (1)

dx
1e

1e
x

x

 


= dx

1e

1e

x2

x






=

x

2x 2x

e dx
dx

e 1 e 1


 
 

= dx
1ee

e

1t

dt

x2x

x

2 
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Indefinite Integration

= 
1t

dt

2
–

2

du

u u 1


= n 







 1ee x2x – sec–1 (ex) + c

Q.14 (3)

2

2

x x
2sin 2 sin

1 cos x 2 2I dx dx dx
cos x cos x x

2cos 1
2


  


  

Let cos
x

2
= t  –

1

2
sin

x

2
dx = dt

I = - 2 2
2

dt

2t 1
 =

2 2

2



2

dt

1
t

2




= – 2
2

dt

1
t

2

 
  
 



 I = – 2log
2 1

t t
2

  + c

= – 2 log 2x x 1
cos cos c

2 2 2
  

Q.15 (1)

 = 
 3x1x

dx
= 

 33

2

x1x

dxx
Put 1 – x3 = t2

 x2 dx =
3

dtt2

  = –
3

2

   t.t1

dt.t
2

=
3

2
 1t

dt
2

=
3

2
×

2

1
n

1t

1t




+ C

=
3

1
n

1x1

1x1

3

3




+ C

Q.16 (1)

dx
xsin1

xsin
2

2

 
= dx

xsin1

11xsin
2

2

 



=  dx –   xsin1

dx
2

=  dx – dx
xtanxsec

xsec
22

2

 

=  dx – dx
xtan21

xsec
2

2

 

=  dx –   2t21

dt
= x – 









2

1
tan–1 2 t + c

= x –
2

1
tan–1 ( 2 tan x) + c

Q.17 (1)

 














dx

)x(log1

)1x(log
2

2

n x = t x = et  dx = et dt

= dt
1t

1t
e

2

2
t

 











= dt

)1t(

t21t
e

22

2
t

 

















= dt

)t('f

)t1(

t2

)t(f

)1t(

1

e
222t





























= 2

t

t1

e


=

xlog1

x
2

+ c

Q.18 (2)

sin x
dx

sin(x a)
Let x – a = t  dx = dt

dt
tsin

)ta(sin




= dt
tsin

tsinacostcosasin




= sin a cot t dt cos a dt 
= t . cos a + sin a . n (sin t) + c

= (x – a) cos a + sin a n sin (x – a) + c
= x cos a + sin a n sin (x – a) + c
(cos a, sin a)

Q.19 (1)

 
dx

xn1x

|x|n
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Indefinite Integration

1 + n x = t2
x

1
dx = 2t dt




t

dtt2)1t( 2

= 2   dt)1t( 2

= 2
3t

t
3

 
 

  
+ c =

3

2
t [t2 – 3] + c =

3

2
xn1  [1

+ n x – 3] + c =
3

2
xn1  [n x – 2] + c

Q.20 (3)

 {1 + 2 tan x (tan x + sec x)}1/2 dx

 {1 + 2 tan2 x + 2 tan x sec x}1/2 dx

 {sec2 x – tan2 x + 2 tan2 x + 2 tan x sec x}1/2 dx

=  (sec x + tan x) dx

= n sec x + n (sec x + tan x) + c
= n sec x (sec x + tan x) + c

Q.21 (3)


 dxe)1x( x

= 
  dxedxex xx

= – xe–x + x xe dx e dx  
= – xe–x + c

Q.22 (1)

dx
x1

xx1
e

2

2
xtan 1






















tan–1 x = t  2x1

dx


= dt

 et (1 + tan t + tan2 t) dt

=  et (sec2 t + tan t) dt

= et tan t + c

= c)x(tantane 1xtan 1



= x ce xtan 1




Q.23 (3)

  dx)xx(
x

e x

tx  
x

1
dx = 2 dt

2   dt)tt(e 2t

= 2   )t2t(e 2t
– 2 te t dt

= 2 et (t2) – 2[t et – et] + c

= c]eex[2x.e2 xxx 

= c]1xx[e2 x 

Q.24 (4)

  d)sin(secetan

tan  = t  d = 2t1

dt



I =   2

t

t1

e

















2

2

t1

t
t1 dt

=  et
2 2 3

1 t

1 t (t 1)

 
 
   

dt

= et

2

1

t 1)
+ c = etan 

1

sec  + c

= etan  cos  + c

Q.25 (2)

y =   1xx

dx
2 = 


4

1
1

4

1
xx

dx

2

= 
























22

2

3

2

1
x

dx

=
3

2
tan–1 







 

3

1x2
+ c
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Indefinite Integration

Q.26 (3)

 =  dxx4cose x3

=  x4cosBx4sinAe x3  + C ....(i)

 =
x3e

4

1
sin 4x –  x4sine

4

3 x3
dx

= x4sine
4

1 x3
+ x4cose

16

3 x3
–  x4cose

16

9 x3
dx

16

25
 =

16

1  x4cose3x4sine4 x3x3 

comparing with equation (i)

 A =
25

4
, B =

25

3


B

A
=

3

4
 3A = 4B

Q.27 (3)

  )x1(x

dx
3 = 2x

A
+

x

B
+ n 









1x

x
+ c

)x1(x

1
3 

=
x

a
+ 2x

b
+ 3x

c
+

)1x(

d



1 = ax2 (x + 1) + bx (x + 1) + c(x + 1) + d x3

put x = 0  c = 1

put x = –1  d = –1
put x = 1
1 = 2a + 2b + 2c + d

1 = 2a + 2b + 2 – 1  a + b = 0
put x = 2
1 = 12a + 6b + 3c + 8d

1 = 12a + 6b + 3 – 8
12a + 6b = 6  2a + b = 1 a = 1

  )x1(x

dx
3 =  










 dx

1x

1

x

1

x

1

x

1
32

= n x +
x

1
– 2x2

1
– n (x + 1) + c

= – 2x2

1
+

x

1
+ n 









1x

x
+ c

A = – 1/2, B = 1

Aliter :  



)x1(x

xx1
3

33

=  



)x1(x

x1
3

3

–   x1

dx

Q.28 (2)

 


dx

)1x(x

1x
2

3

= dx
1x

x
2

2

 
– dx

)1x(x

1
2 

= dx
)x1(x

1

1x

dx
dx

232  





Let 1 + x–2 = t  3x

dx
= –

2

dt

= x – tan–1 x +
2

1
 t

dt

= x – tan–1 x +
2

1
n |1 + x–2| + c

= x – tan–1 x +
2

1
n (x2 + 1) – n x + c

Q.29 (4)

y = 










2/3

2

3

x

1
1x

dx
put 1 +

2x

1
= t2  – 3x

2

dx = 2t dt

 y = 


3t

dtt
= –  2t

dt
=

t

1
+ C =

2x1

x


+ C

 y (0) = 0  C = 0

 y(1) =
2

1

Q.30 (2)

 =   2)xcosx(sin

dxx2cos
=  


dx

)xcosx(sin

xsinxcos
2

22

=  


dx

xcosxsin

xsinxcos
Put sin x + cos x = t  (cos x –

sin x) dx = dt

  =  t

dt
= n |t| + C = n|sin x + cos x| + C

Q.31 (3)

  dx))xtan(xtan1(

=  



)xcos(xcos

)xcos(xcos)xsin(xsin

=  


dx

)xcos(xcos

)xxcos(

= cot   


dx

)xcos(xcos

)xxsin(
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Indefinite Integration

= cot  
















 dx

)xcos(xcos

xsin)xcos(

)xcos(xcos

xcos)xsin(

= cot   dxxtandx)xtan(  

= cot  |]xsec|n|)xsec(|n[  

= cot  n
)xcos(

xcos


+ C

= cot  n 






 

xsec

)xsec(
+ C

Q.32 (2)

 x2sinxcos

dx
3

 xcosxsin2xcos

dx
3

=
2

1
4

dx

cos x tanx =
2

1
dx

xtan

xsec4



=
2

1
dxxsec

xtan

)xtan1( 2
2




put tan x = t2  sec2 x dx = 2t dt

=
2

1

 











 
dtt2

t

t1 4

= 2   dt)t1( 4

= 2













5

t
t

5

+ c

= 2













5

xtan
xtan

2/5
2/1

+ c

Q.33 (2)

 



xtanxcot

1x4cos
= A cos 4x + B

I =
2 2

(cos4x 1)
cosx sinx

(cos x sin x)



 dx

=  













x2cos

x2cos2 2

(cos x sin x) dx

=  dxx2sinx2cos

=
2

1
 dxx4sin = –

8

x4cos
+ B

Q.34 (2)

 =  dx
)x(cos)x(tan

1
811

=  xdxsec)x(tan 42/11–

=   xdxsec)xtan1()x(tan 222/11
put tanx = t

 sec2 xdx = dt

  = 
  dt)tt( 2/72/11

= Ct
5

2
t

9

2 2/52/9 



 

= C)x(tan
5

2
)x(tan

9

2 2/52/9 



   A =

9

1
, B

=
5

1

Q.35 (2)

 4 sin x cos
2

x
cos

2

x3
dx

2  








2

x
cosxsin2 cos

2

x3
dx

2  







 dx

2

x3
cos

2

x
sin

2

x3
sin

=  dx
2

x3
cos

2

x3
sin2 +  dx

2

x3
cos

2

x
sin2

=  sin 3x dx +  ((sin 2x) – sin x) dx

= –
cos3x

3
–

cos 2x

2
+ cos x + c

Q.36 (2)

 dxx16cos.x8cos.x4cosx2cos.xcos.xsin

=
2

1
 dxx16cos.x8cos.x4cos)x2cos.x2(sin

 dxx16cos.x8cos)x4cos.x4(sin
4

1

 dxx16cos)x8cos.x8(sin
8

1

 dxx16cosx16sin
16

1
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Indefinite Integration

 dxx32sin
32

1
= –

32

1
×

32

x32cos

= –
1024

1
cos 32x + c

Q.37 (3)

  xcosxsin

dx
66

= 4 4 2 2

dx

sin x cos x sin x cos x 

=
4

4 2

sec x dx

tan x 1 tan x 

=
2 2

4 2

(1 tan x) sec x dx

tan x tan x 1



 
tan x = t  sec2 x dx = dt

=  



1tt

dt)t1(
24

2

= 













1
t

1
t

t

1
1

2

2
dt

Let t –
t

1
= u  










2t

1
1 dt = du

= 2

du

1 u = tan–1 u + c = tan–1 









t

1
t + c

= tan–1 









xtan

1
xtan + c

= tan–1 (tan x – cot x) + c

Q.38 (1)


xcosxsin

dx

53
= a xcot + b xtan3 + c

= 
xtan

dxxsec

3

4

tan x = t2  sec2 x dx = 2t dt

2

3/2

(1 tan x)

tan x


 sec2 x dx

= dtt2
t

t1
3

4

 











 
= 2 dtt

t

1 2
2 








 = –

t

2
+

3

2
t3

+ c = – 2 xcot +
3

2
xtan3 + c

Q.39 (1)

  xsinxcos

dx
= 













2

x
tan2

2

x
tan1

2

x
tan1

2

2

= 


2

x
tan2

2

x
tan1

dx
2

x
sec

2

2

Put tan
2

x
= t sec2

2

x
dx = 2dt

= 2   t2t1

dt
2 = 2 2

dt

(t 2t 1)



 

= 2 2

dt

(t 2t 1 2)



   = 2   2)1t(2

dt

=
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2
n

)1t(2

1t2




+c

=
2

1
n













1
2

x
tan2

1
2

x
tan2

+ c

Q.40 (1)


xcosxsin

dx

3 = 
xcos.xtan

dx

43

= 
xtan

dxxsec

3

2

[ tan x = t  sec2 x dx = dt ]

=  2/3t

dt
=

3/2 1t

1 3 / 2

 


+ c =

xtan

2
+ c

Q.41 (1)

 
dx

)1x(x

1
n =   

dx
)x1(x

1
nn1

1 + x–n = t – nx–n–1 dx = dt  1nx

dx
 =

n

1
dt

= –
n

1
 t

dt
= –

n

1
n (1 + x–n) + c

= –
1

n
n

n

n

x 1
c
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=

1

n
n

n

n

x
c

1 x
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Q.42 (3)

dx
e4e9

e6e4
xx

xx

 







x x 2x

x x 2x

4e 6e 9e .2
A B

9e 4e 9e 4






 

 

x x 2x 2x

x x 2x

·4e 6e 9Ae 4A 18·Be
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x x x

x x
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9e 4e





 




6 = – 4A 4 = 9A + 18B

A = –
3

2
4 = –

27

2
+ 18B

18B =
35

2

B =
35
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Q.43 (4)

 = 
 4/3

4

5 )
x

1
1(x

1
dx put t

x

1
1

4


 dtdx
x

4
5



  = –  4/3t

dt

4

1
= –

4

1
. C

4/1

t 4/1



= –

4/1

4x

1
1 








 + C

Q.44 (3)

 )x1(x

x1
7

7




dx =  )x1(x

1
7

dx –  )x1(

x
7

6


dx

=  )1x(x

1
78  dx –  )x1(

x
7

6


dx

1 + x–7 = t 1 + x7 = u

8x

7
dx = dt x6 dx =

7

du

8x

dx
=

7

1
dt

= –
7

1
 t

dt
–

7

1


du

u
= –

7

1
n t –

7

1
n u

= –
7

1
n (1 + x–7) –

7

1
n (1 + x7) + c

= –
1

7
n

7

7

x 1

x

 
  
 

–
1

7
n (1 + x7) + c

= –
2

7
n (1 + x7) + n x + c

Q.45 (2)
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)1xx(

1x3
24

4

= dx

x

1
1xx

1x3
2
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4














=

2 2

2
3

3x 1/ x
dx

1
x 1

x



 
  

 



x3 + 1 +
x

1
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2
2

x

1
x3 dx = dt

=  2t
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= –

t

1
+ c

= –
 3

1

x 1 1/ x 
+ c = –

1xx

x
4 

+ c

JEE-ADVANCED

OBJECTIVE QUESTIONS
Q.1 (B)

 tan (x – ) tan (x + ) tan 2x dx

tan (A + B) =
BtanAtan1

BtanAtan





tan A tan B = 1 –
)BAtan(

)BtanA(tan





tan(x – ) tan(x + ) = 1 –
x2tan

))xtan()x(tan( 

tan 2x tan (x – ) tan (x + )
= tan 2x – tan (x + ) – tan (x – )

 tan 2x tan (x – ) tan (x + ) dx

=  tan 2x dx –  tan (x + ) dx – tan (x – )dx
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=
2

1
n sec 2x – n sec(x + a) – n sec (x – ) + c

= n
)xsec()xsec(

x2sec


+ c

Q.2 (C)

2x

1
.

1x

1x
 


dx = 2x

1
.

x/11

x/11
 


dx

x

1
= t  2x

dx
= – dt

 




t1

t1
dt

put t = cos 2dt = – 2 sin 2 d

=
sin

2 (2sin cos ) d
cos


  



= 2   dsin2 2
= 2   d)2cos1(

= 2 – sin 2 + c = cos–1 t – 2t1 + c

= cos–1

x

1
– 2x

1
1 + c = sec–1 x –

x

1x2 
+ c

Q.3 (B)


 322 )x1(x1

dxx

Let 1 + x2 = t2xdx = tdt


 32 tt

dtt
=   t1

dt

= 2 t1 + c = 2 2x11  + c

Q.4 (A)

dx
xa
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xa
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= dx

xa

)xa()xa(
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= dx
xa

x2

22


a2 – x2 = t2 xdx = tdt

= – 2  t

dtt
= – 2t + c = – 2 22 xa  + c

Q.5 (C)

dx)x1(x 2/12/52/13 

1 + x5/2 = t2x3/2 dx =
5

4
t dt

2/35 x.x (1 + x5/2)1/2 dx

=
5

4
 (t2 – 1)2 . t2 dt =

5

4
 (t4 – 2t2 + 1)t2 dt

=
5

4
 (t6 – 2t4 + t2) dt =

5

4
c

3

t
t

5

2

7

t 3
5

7















=
35

4
(1 + x5/2)7/2 –

25

8
(1 + x5/2)5/2 +

15

4
(1 + x5/2)3/2 + c

Q.6 (C)

   dxxcosxe xsinn

=  xsinx –  dxxcos

= –x cos x +  dxxcos –  dxxcos

= – enx cos x + C

Q.7 (A)

dx
2

x

4
tanx)xsin1(n

)x('f)x(f


































= x n (1 + sin x) + c

Q.8 (A)

I =  2

2

II I

x
n x 1 x dx

1 x
 

 
  

 
 

 


= n(x + 2x1 ) dx
x1

x

2


–



























 22 x1

x
1

x1x

1

I
1

= 


dx
x1

x

2

1 + x2 = t2  xdx = tdt

I = n (x+ 2x1 )
t dt

t – dxdt
x1

1

2  















= n (x + 2x1 ) . 2x1 – x + c
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Indefinite Integration

Q.9 (A)

  5xx

dx
= f(x) + c

=  


5

4

xx

11x
dx =  


5xx

dx

x

dx
= n x – f(x) +

c

Q.10 (C)

dx
)1x(x

1x
22

4

 



 dx
)1x(x

x21x2x
22

224

 

















  
2t

dt

x

dx
 n x + 2x1

1


+ c

Q.11 (A)




dx
x1x

1

3

1 – x3 = t2 (Aliter put x3 = sin2 )

x2 dx = –
3

2
tdt

= 
 33

2

x1x

dxx

= –
3

2
  t)t1(

dtt
2 =

3

2
  )1t(

dt
2

=
3

2 t 1
n

t 1




 + c =

3

1
n

1x1

1x1

3

3




+ c

Q.12 (A)

 =   4/153 ])2x()1x[(

1
dx

= 












 2
4/3

)2x(
2x

1x

1
dx put t

2x

1x






 2)2x(

3


dx = dt

  =
3

1
dtt

3

1 4/3 


)4/1(

t 4/1

+ C

=
3

4
4/1

2x

1x












+ C

Q.13 (A)

 x1

x1




dx =  x1

x1




dx

=   x1

dx
–   x1

x
dx

Let I
1

= 





dx
)x(1

x
dx

x1

x

2

put x = t 
x2

dx
= dt

= 
 2

2

t1

dtt2
= 2 





2

2

t1

11t
dt

= 2 
 2t1

dt
– 2 dtt1 2
 

= 2 sin–1 t – 2 







  tsin

2

1
t1

2

t 12 + c

I = – 2 x1 – 2 sin–1 x + x x1 + sin–1 x +

c

= – 2 x1 – sin–1 x + x x1 + c

= – 2 x1 + cos–1 x + x x1 + c

Q.14 (D)

dx
xcoscos

xcos1
 



=

2

2

x
1 1 2sin

2
dx

x
cos 2cos 1

2

 
  
 

 
   

 



= 2 


2

x
cos21cos

2

x
sin

2
dx

= 2 dx

2

x
cos2

2
cos2

2

x
sin

22





=
2 2

x
sin

2 dx
x

cos cos
2 2
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Indefinite Integration

cos
2

x
= t  –

2

1
sin

2

x
dx = dt

sin
2

x
dx = – 2dt

= – 2
2 2

dt

cos t
2




 = – 2 sin–1

2
cos

t


+ c

= – 2 sin–1

2
cos

2

x
cos

 + c

Q.15 (D)

 = 


1–xcos2

)xsin1(xsin
2

2

put cos x = t = – sin x dx = dt

 = –  1–t2

t–2
2

2

dt =  1–t2

2–t
2

2

dt =
2

1
 1–t2

4–t2
2

2

dt

=
2

1
dt –

2

3
 1–t2

dt
2

=
2

t
–

22

3
·

2

1
n

1t2

1–t2


+ C

=
2

1
cosx –

24

3
n

1xcos2

1–xcos2


+ C

A =
2

1
, B =

24

3–
, f(x) = n

1xcos2

1–xcos2



or A =
2

1
, B =

24

3
, f(x) = n

1–xcos2

1xcos2 

Q.16 (A)

2  x4sin

xsin
dx

2  x2cosx2sin2

xsin
dx =  x2cosxcosxsin2

xsin
dx

=
2

1
 x2cosxcos

dx
=

2

1
 xcosx2cos

dxxcos
2

=
2

1
 )xsin1()xsin21(

dxxcos
22 

put sin x = t cos x dx = dt

=
2

1
 )t1()t21(

dt
22 

=
2

1
 )1t2()1t(

dt
22 

=
2

1
 )1t2()1t(

)1t(2)1t2(
22

22




dt

=
2

1
 1t

dt
2 

–
2

1
 2/1t

dt
2 

=
4

1
n

1t

1t




–

 
1

2.2 1/ 2
n

2/1t

2/1t




+ c

=
4

1
n

1xsin

1xsin




–

22

1
n

1xsin2

1xsin2




+ c

Q.17 (B)

4

4 3/2

1 x
dx

(1 x )





= dx

x
x

1
x

x1
2/3

2
2

3

4













= dx

x
x

1

x
x

1

2/3
2

2

3














Let 2x

1
– x2 = t2

 







 x

x

1
3 dx = – t dt

= –  3t

dtt
= – 


















12

t 12

+ c

=
t

1
+ c =

2
2

x
x

1

1



+ c

Q.18 (B)

f(x) = 

3x

x2sinxsin2
dx

f(x) = 3x

x2sinxsin2 
=

x

xsin2
. 2x

xcos1

= 








x

xsin
2 .

4
4

x

2

x
sin2

2

2



=
4

22









x

xsin
.

2

2

x
2

x
sin



















0x
lim


f(x) = 0x
lim
 . 









x

xsin
0x

lim


2

2

x
2

x
sin



















= 1
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Indefinite Integration

JEE-ADVANCED
MCQ/COMPREHENSION/ COLUMN MATCHING
Q.1 (B, C)

I =  dx3.2 nxmx =   dx3.2
xnm

= C
)3.2(n

3.2
nm

nxmx




Q.2 (B, C, D)

 


2

22

x1

xcosx
cosec2 x dx

=  
 dx

x1

1
xdxeccos

2

2
= – cotx – tan–1x + C

= – cotx – cot–1x + C ....... (1)

=  tan 1 x 
cos

sec

ec x

x
+ C ....... (2)

= xtann 1

e


  – cotx + C ....... (3)

Q.3 (B,D)

 =  














1x

1x

1x
n

2


dx put n 













1x

1x
= t


1x

2
2 

dx = dt

  =  2

dt
t =

4

t2

+ C =
4

1
log2 













1x

1x
+ C =

4

1

log2 












1x

1x
+ C

Q.4 (A, C, D)

 =
n x

x x

(tan )

sin cos dx put n tanx = t

 dtdx
xcosxsin

1


  =   C)xtann(
2

1
C

2

t
dtt 2

2



=
2)xcotn(

2

1
 + C = C)xcotn(

2

1 2 

= C)xsecx(sinn
2

1 2  =
1

2
n2 (cos x cosecx) + C

Q.5 (A,C)

dx
)1x(x

xn)1x(n
 

 

dx
)1x(x

x

1x
n

 








 


Let n 






 

x

1x
= t

2

1 x (x 1)

x 1 x
x

 

 
 
 

dx = dt

)1x(x

dx


= – dt

= –  dtt = –
2

t2
+ c = –

2

1















 

x

1x
n2 + c

= –
2

1
[n (x + 1) – n x]2 + c

= –
2

1
[n2 (x + 1) + n2 (x) – 2 n x . n (x + 1)] + c

= –
2

1
n2 (x + 1) –

2

1
n2 (x) + n x n (x + 1) + c

= –
2

1
n2 










x

1
1 + c

Q.6 (C,D)

 e3x cos 4x dx = e3x (A sin 4x + B cos 4x) + c

Diff. both the side w.r.t. x

e3x cos 4x = 3e3x (A sin 4x + B cos 4x)
+ e3x (4A cos 4x – 4B sin 4x)
cos 4x = (3A sin 4x + 3B cos 4x) + 4Acos 4x – 4Bsin 4x

1 = 3B + 4A
3A – 4B = 0
3A=4B

Q.7 (A,B,D)

 = 
 2xx

dx
= 











2

2

1
x

4

1

dx

= sin–1

2/1

2

1
x 










= sin-1 (2x – 1) + C ..... (1)

Also  =   x1x

dx
put x = t
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Indefinite Integration


x2

1
dx = dt

 = 
 2t1

dt2
= 2 sin–1

x + C .......(2)

Now Let  = sin–1 (2x – 1)
 sin  = 2x – 1

 cos  = 2)1x2(1 

= 1x4x41 2  = 2 2xx 

 = cos–1 2 2xx 

Q.8 (A,C)

dx
1x2x2x

1x

22



=

)x(g

)x(f
+ c

put x = 1/t dx = – 2t

dt

= 




1
t

2

t

2

t

1

1
t

1

22











2t

dt

= 




2t2t

dt)1t(

2
=

2

1






2t2t

dt)2t2(

2

Let t2 – 2t + 2 = z2 (2t – 2) dt = 2z dz

=
2

1
 z

dzz2

= z + c

= 2t2t2  + c

= 2
x

2

x

1
2

 + c

=
x

1x2x2 2 
+ c

g(x)=x
f(x) = 2x2 – 2x + 1

Q.9 (A, B)

Let  =   xcos45

dx
=  tan–1 









2

x
tan + C

  )xcos1(41

dx
= 


2

x
tan44

2

x
tan55

dx
2

x
sec

22

2

= 


2

x
tan9

dx
2

x
sec

2

2

Put tan
2

x
= t  sec2

2

x
dx = 2dt

 = 2   2t9

dt
=

3

2
tan–1 









2

x
tan

3

1
+ C =

3

2
, m

=
3

1

Q.10 (A, B, C, D)

 =   xcosxsin

x2sin
44

dx =  
dx

1xtan

xsecxtan2
4

2

put

tan2x = t  2 tan x sec2x dx = dt

=  1t

dt
2 = tan–1(t) + C

= tan–1(tan2x) + C =   Cxtancot
2

21 
 

=  cot 1 (tan2 x) + C
1

=  cot 1 








xcot

1
2

+ C
1

= cot–1 (cot2x) + C
1

also cos2x =
xtan1

xtan1
2

2




 













x2cos1

x2cos1
= tan2x ,

using these values in given integral

 =
 


dx

xcosxsin2xsinxcos

x2sin

22222

=

 














 


dx

2

x2cos1
x2cos

x2sin
2

2

=
  

dx
1x2cos

x2sin2
2

put cos 2x = t

– 2 sin2x dx = dt

 =  



1t

dt
2 = – tan–1 t + C

2
=  tan 1 (cos2x) + C

2

Q.11 (A, C, D)

f(x) = 3x2 sin 








x

1
– x cos 









x

1

Now
0x

lim


f(x) = 0 – 0 = 0

 at x = 0, f(x) is derivable so continuous also, and
f(x) is continuous at x = 0
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Indefinite Integration

now f(x) = 6x sin 








x

1
+ 3x2 cos 









x

1
. 2x

1
–

x

1
sin

x

1
– cos 









x

1

so f(x) = 6x sin 








x

1
–

x

1
sin 









x

1
+ 2 cos 









x

1

at x = 0, cos 








x

1
is not define so at x = 0, f(x) is not

continuous or f(x) in not differentiable x = 0.

Q.12 (A, B)


n
=  dxxcotn

=  )1–xec(cosxcot 22–n
dx

=
1–n

xcot– 1–n

– 
n – 2

+ C
1


n
+ 

n – 2
=

1–n

xcot– 1–n

+ C
1

Now, 
0
+ 

1
+ 2 (

2
+ .....+ 

8
) + 

9
+ 

10

= (
2
+ 

0
) + (

3
+ 

1
) + (

4
+ 

2
) + (

5
+ 

3
) + (

6
+ 

4
) + (

7
+ 

5
)

+ (
8
+ 

6
) + (

9
+ 

7
) + (

10
+ 

8
)

= – 














9

xcot
.....

2

xcot

1

xcot 92

+ C

 A = – 1.

Paragraph for question nos. 13 & 14

Q.13 (A)

Q.14 (B)
(13,14) f(x) = ax2 + bx + c

and g(x) = px2 + qx + r
g(0) = 2  r = 2
g'(x) = 2px + q
 g'(0) = – 3  q = – 3
g"(x) = 2p  p = 1
 g(x) = x2 – 3x + 2
Again, a2 + b2 + c2 – 2a + 4b – 2c + 6 = 0
(a – 1)2 + (b + 2)2 + (c – 1)2 – 6 + 6 = 0
Hence, a = 1; b = – 2; c = 1
 f(x) = x2 – 2x + 1 = (x – 1)2

(i) f(1) + g(1) = 0 + 0 = 0

(ii)  dx
)x(g

)x(f
= 




dx

2x3x

)1x(
2

2

=  


dx

)2x)(1x(

)1x( 2

=  


dx

2x

1x

=  


dx

2x

12x
=  










 dx

2x

1
1

= x + ln |x – 2| + C. Ans.]

Paragraph for question nos. 15 to 17

Q.15 (D)
Q.16 (C)
Q.17 (D)

(i) dx
1x

)x(f
3


= ln 1x

1xx2




+

3

2

tan–1 






 

3

1x2
+ C

Differentiating both sides, we get

1x

)x(f
3 

=
1xx

1x
2 


2

2

)1x(

1).1xx()1x2)(1x(




+

3

2
.

3

2
.

3

1x2
1

1
2








 


=
1x

1xx1xx2
3

22





+
3

4
.

)1x4x4(3

3
2 

=
1x

2x2x
3

2




+

1xx

1
2 

f(x) = (x2 – 2x – 2) + (x – 1) = x2 – x – 3  f
(1) = – 3 Ans.

(ii) I = )x(sind
)x(sinf6

xcosec61
 



= 



)x(sind

3xsinxsin6

xsin

6
1

2
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Indefinite Integration





)x(sind

3xsinxsin

xsin

6
1

2
(Put sin x = t)

[T/S, inde] done

= 



dt

3tt

t

6
1

2
= 




dt

t

3

t

1
1

t

6

t

1

2

32

= ln K
t

3

t

1
1

2











= ln 









xsin

3

xsin

1
1

2 + K

 g(x) = ln 









xsin

3

xsin

1
1

2

 g(t) = ln 









tsin

3

tsin

1
1

2

Now, 3n)t(gLim

2
t

l




Ans.

(iii) I = dx
xcosxsin

)x(cosf)x(sinf5
 



= dx
xcosxsin

3xcosxcos3xsinxsin5 22

 



=   xdx

 h(x) = – x (since h(1) = –1)

Hence tan–1   2h + tan–1   3h = tan–1 (–2)

+ tan–1 (–3) =
4

3
Ans. ]

Q.18 (A)  (p), (B)  (p), (C)  (r), (D)  (s)

(A) F(x) =  



xcos1

xsinx
dx =  










2

x
tan

2

x
sec

2

1
x 2

dx

= x tan x/2 + C
Since 0 = F(0)
C = 0 and F(/2) = /2

(B) F(x) =  


















2

xsin

x1

x
1e

1

dx

=  






















2

2

2

xsin

x1

x
x1

x1

1
e

1

dx

put sin–1x = t 
2x1

dx


dt

 F(x) = dttsintsin1e 2t

 





  = et cos t + C

= 2xsin x1e
1




+ C

 1 = F(0) C = 0

Hence, F(1/2) = e/6.
2

3
=



3k
e/6

(given)

 k =
2



(C) F(x) =   )9x()1x(

dx
22 =  












 9x

1

1x

1

8

1
22 dx

=
8

1








 

3

x
tan

3

1
xtan 11

+ C

0 = F(0) = C


8

1







 




6
.

3

1

3
=

144

5
=

36

k5

 k =
4



(D) F(x) =  xcosxsin

xtan
dx = 



2

1

)x(tan sec2 x dx = 2 xtan

+C
 0 = F(0)C = 0

 F(/4) = 2 =


k2

 k = 

Q.19 (A) (s) ; (B) (q) ; (C) (r)

(A) v = 0  a = b, Also a + b = u  a =
2

u

Now, =
a

1
  xcos1

dx

=
u

2 
2

x
cos2

dx

2 =
u

2
 dx

2

x
sec

2

1 2

=
u

2
tan

2

x
+ C

(B) v > 0  a > b

Now,  =   xcosba

dx
= 


2

x
cosb2)ba(

dx

2

= 


2

x
tan)ba()ba(

dx
2

x
sec

2

2
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put tan
2

x
= t 

2

1
sec2

2

x
dx = dt

=   2t)ba()ba(

dt2

=
ba

2

 














ba

ba
t

dt

2
...(1)

=
ba

2

 ba

ba




tan–1


















t

ba

ba
+ C

=
u

2
tan–1















2

x
tan

u

v
+ C

(C) v < 0  a – b < 0  b – a > 0

Now I =
ab

2

 




 2t
ab

ba

dt
(using equation (1) of

part (B))

=
ab

2

 2

1

ab

ab




ln

t
ab

ab

t
ab

ab











+ C

=
uv

1


ln

2

x
tanvu

2

x
tanvu





+ C

NUMERICAL VALUE BASED

Q.1 [1]

f(x) = 

3x

x2sinxsin2
dx

f(x) = 3x

x2sinxsin2 
=

x

xsin2
. 2x

xcos1

= 








x

xsin
2 .

4
4

x

2

x
sin2

2

2



=
4

22









x

xsin
.

2

2

x
2

x
sin



















0x
lim


f(x) = 0x
lim
 . 









x

xsin
0x

lim


2

2

x
2

x
sin



















= 1

Q.2 [3]

 dxxcosxsin 44
=

16

1
 dxx2sin4

=
16

1
 







 
2

2

x4cos1
dx

=
64

1    dxx4cos2x4cos1 2

=
64

1
 dx –

32

1
 dxx4cos +

64

1

 






 

2

x8cos1
dx

=
64

x
–

128

x4sin
+

64

1
×

2

x
+

128

1

8

x8sin
+ C

=
128

3
x –

128

1
sin 4x +

8128

x8sin


+ C

=
128

1










8

x8sin
x4sinx3 + C

Q.3 [12]

f(x) =
3x 2

dx
x 9



 put x – 9 = t2

= 2
2(29 3t )dt

f(x) = 2(29 x 9 + (x – 9)3/2) + C

 f(10) = 60  C = 0

f(x) = 2(29 x 9 + (x – 9)3/2)

f(13) = 132  sum of digits = 6

2(sum of digits = 12

Q.4 [10]

 = 

6

2

x

x4
dx

Put x = 2 tan dx = 2 sec2  d

  =  


66

2

tan2

dsec2.sec2

= 42

1
 


6

3

sin

dcos

= 42

1
 

















6

2

sin

sin1
cos  d
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Indefinite Integration

put sin  = t  cos  d = dt

= 42

1
 6t

dt
–  dt

t

1
4 =

16

1










53 t5

1

t3

1
+ C

=
16

1

















5

2

sin15

3sin5
+ C

but tan  =
2

x
So sin  = 2x4

x



=
16

1

  
























2/52

5

2

2

4x

x15

3
4x

x5

+ C

=
16

1   












 
5

2/322

x15

4x12x2
+ C

=
120

1    












 
5

22/32

x

6x4x
+ C

Q.5 [5]

 =   33 xa

x
dx put x3 = a3 sin2

 x = a sin2/3   dx = a ×
3

2




3/1sin

cos
d

 =   


23

3/2

sin1a

sina
×

3

a2












3/1sin

cos
d

=  



cosa

sin 3/1

×
3

a2




3/1sin

cos
d =

3

2
 + C

=
3

2
sin–1






















2/3

a

x
+ C

Q.6 [2]

 = 
 322 )x1(x1

dxx

Put 1 + x2 = t2 , then 2x dx = 2t dt

 = 
 32 tt

dtt
=   t1

dt

= 2 t1 =
2x112  + C

Q.7 [2]


xcos

xsinxcosx
.e

2

3
xsin  dx

= dx)xsecxtanxcosx(e xsin 

=   xdxsecxtanedxxcosx.e xsinxsin

(by parts integration)

= C]xdxsec.xcosexsece[dxe.1xe xsinxsinxsinxsin  

= C)xsecx(e xsin   f(x) = x – secx

f 2
3 3

  
  

 

Q.8 [16]

g(x) = 2

1 2cos x
dx

(cosx 2)



 ;

g(x) =

2

2

cosx(cosx 2) sin x
dx

(cosx 2)

 



g(x) =

2

2

1 sin x
cos x. dx dx

(cos x 2) (cos x 2)


  

=
2

2 2

1 ( sinx) sin x
.sinx .sinxdx dx

(cosx 2) (cosx 2) (cosx 2)


  

   

g(x) =
sinx

C
(cosx 2)




g(0) = 0

 C = 0 g(x) =
sinx

cos x 2

1
g

2 2

 
 

 
; 32g 16

2

 
 

 

Q.9 [12]

fog(x) = xe 1

fog(x)dx =
xe 1 dx

put ex – 1 = t2 =
2

2

2t
dt

1 t = 2t – 2tan–1t + C



78

Indefinite Integration

= x 1 x2 e 1 2 tan e 1 C   

A3 + B2 = 23 + (–2)2 = 12

Q.10 [11]

 = 




sin4cos6

cos2sin2
2

d

=  



d

sin4)sin1(6

cos)1sin4(
2

put sin  = t  cos  d = dt

  = 
t4t5

dt)1t4(
2


= 2  dt

5t4t

2/7)4t2(
2 



= 2 [n|t2 – 4t + 5|] + 7  dt
)1()2t(

1
22 

= 2 [n|t2 – 4t + 5|] + 7 tan–1 C
1

2t








 
= 2

n 5sin4sin2  + 7 tan 1(sin 2) + C

Q.11 [13]

dx
1xx

)1x(
24

2

 




=  





dx

1xx

x2
dx

1xx

1x
2424

2

= 
1

– 
2

Now 
1
= dx

3
x

1
x

x

1
1

2

2















put x –
x

1
= t  dtdx

x

1
1

2












1
=

3

1

3t

dt
2


 tan–1

1C
3

x

1
x






















Also 
2
= dx

1xx

x2
24 

put

x2 = t 2x dx = dt


2
= 


























 222

2

3

2

1
t

dt

1tt

dt

= 2

2
1– C

3

1x2
tan

3

2














 


1xx

)1x(
24

2




dx =

1

3
tan 1













 

3x

1x2


2

3
tan 1













 

3

1x2 2

+ c

Q.12 [1]

 
1

1 2 2






x x

x x e x

cos
sin

dx

Put xesinx = t (xesinx. cosx + esinx) dx = dt

 esinx(x cosx + 1) dx = dt

 =   )t1(t

dt
2 =  

dt
)t1)(t1(t

1

Let
)t1)(t1(t

1


=

t1

C

)t1(

B

t

A







1 = A (1 – t)(1+ t) + B(t) (1+t) + C(t)(1 – t)
put t = 0  A = 1
Put t = 1  B = 1/2
Put t = –1  C = –1/2

= 












 dt

)t1(2

1

)t1(2

1

t

1

= n |t| –
1

2
n |1–t| –

1

2
n |1+t| + C

= n |x esinx| –
1

2
log |1– x2 e2 sinx| + C = n

2 2sin x

2 2sin x

x e
C

1 x e




Q.13 [2]

 


22

4

)1x(x

1x
dx = A n |x| + 2x1

B


+ C

 


dx

)1x(x

1x
22

4

=  


dx

)1x(x

x2)1x(
22

222

=  x

1
dx – dx

)1x(

x2
22 

= n |x| + 2x1

1


+ C

Q.14 [1]

 = 
1

1 4 sin x
dx =  dx

xtan–xsec

xsec
44

4
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=   xtanxsec

dxxsec.xsec
22

22

=  



1xtan2

dxxsec)xtan1(
2

22

put tan x = t  sec2x dx = dt

  = dt
1t2

t22

2

1
2

2

 



= 









 dt

1t2

1
dt

2

1
2

= C)t2(tan
22

1
t

2

1 1  

= C)xtan2(tan
22

1
xtan

2

1 1  

Q.15 [11]

 =
3 5

2 4

cos x cos x
dx

sin x sin x





=

2 4

2 2

(2 3sin x sin x)cosx
dx

sin x(1 sin x)

 


Let sinx = t

 =

2 4

2 4 2 2

2 3t t 2 6
1 dt

t t t t 1

   
   

   

=
2

t
t

 – 6 tan–1(t) + c

= sinx –
2

sinx
– 6tan–1 (sinx) + C

Q.16 [10]

 = 
xcosxsin

dx

53

=  
xtan

dxxsec

xcosxtan

dx

3

4

83

= 


xtan

xsec)xtan1(

3

22

dx Let tanx = t2/3

 sec2x dx = dtt
3

2 3/1

 = 


dtt
3

2

t

)t1( 3/1
3/4

= 
 dtt.)t1(

3

2 3/43/4

=   dt)1t(
3

2 3/4
= Ct

)3/1(

t

3

2 3/1



















= Ct
3

2
t2 3/1  

= Cxtan
3

2
xcot2 2/3 

 a = –2, b = 2/3

JEE-MAIN

PREVIOUS YEAR’S

Q.1 (2)


2 6 4 2 4 2

2

2sin cos2 (sin sin sin ) 2sin 3sin 6

2cos

          


d

Let sin = t cos d = dt

=  (t6 + t4 + t2) 4 22t 3t 6  dt

=  (t5 + t3 + t) 6 4 22t 3t 6t  dt

Let 2t6 + 3t4 + 6t2 = z

12(t5 + t3 + t) dt = dz

=
1

12  z dz =
1

18
z3/2 + c

=
1

18
(2sin6  + 3sin4  + 6sin2 )3/2 + C

=
1

18
[(1 – cos2)(2(1 – cos2) + 3 – 3cos2 + 6)]3/2

+ C

=
1

18
[(1 – cos2 )(2cos4  – 7cos2+ 11)]3/2 + C

=
1

18
[–2cos6  + 9cos4  – 18cos2  + 11]3/2 + C

Q.2 (1)

put sin + cos = t  1 + sin 2 = t2

 (cos – sin) d = dt

 I = 2

dt

8 (t 1) 
 = 2

dt

9 t
 = sin–1 + C

= sin–1
sin cos

3

   
 
 

+ C

 a = 1 and b = 3

Q.3 [6]





 
   

 


2

4 2 1

(x 1)dx

1
(x 3x 1)tan x

x

+
 

 4 2

dx

x 3x 1
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2

2
1

1
1 dx

x

1 1
x 1 tan x

x x

+
  

 


2 2

4 2

1 (x 1) (x 1)dx

2 x 3x 1

Put tan

 
  

 

1

x

Put  
1

x y
x

,  
1

x z
x

log
e  

 
 2 2

1 dy 1 dz
t

2 2y 5 z 1

= log
e
tan

 
 

 

1
x

x
+   

 
 

2
11 x 1

tan
2 5 5x

= 1, =
1

2 5
, =

1

5
, =

1

2
or

= 1, =
1

2 5
, =

1

5
, =

1

2

10() =
 
  

 

1 1
10 1

10 2
= 6

Q.4 (1)

(2x _ 1)2 + 5 = t2

2(2x _ 1) 2dx = 2t dt

 22 t 5dx t dt

So





2

2

t 5 cos t
dt

2 t 5
= 

1
sin t c

2

=   
21

sin 2x 1 5 c
2

Q.5 [4]

Let x
_

5 + x
_

7 + 2 = t
(_5x

_
6 _ 7x

_
8)dx = dt

 (x) =



Q.6 [3]
Q.7 (3)

Q.8 [80]

Q.9 [17]

JEE-ADVANCED

PREVIOUS YEAR’S

Q.1 (C)
Put secx + tanx = t
(secx tanx + sec2x) dx = dt
secx . t dx = dt

secx – tanx =
t

1

secx =
2

t

1
t 

 t.t

dt.xsec
2/9 = 











dt
t.t

t

1
t

2

1
2/9

=  







 dt

t

1

t

1

2

1
2/132/9

= k
t11

2

t7

2

2

1
–

2/112/7











= k
11

1

7

t

t

1
–

2

2/11















Q.2 (A,D)

1

Y

P(x,y)

Y – y = y(X – x)
So, Y

p
= (0, y – xy)
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So, x2 + (xy)2 = 1 
dy

dx
= –

2

2

1 x

x



[
dy

dx
can not be positive i.e. f(x) can not be increasing

in first quadrant, for x  (0,1)]

Hence, dy = –
21 x

dx
x




 y = –
2cos d

sin

 

 ; put x = sin

 y = – cosec d  sin d 
 y = ln (cosec + cot) – cos + C

 y = n

21 1 x

x

  
 
 
 

– 21 x + C

 y = n

21 1 x

x

  
 
 
 

– 21 x (as y (1) = 0)



82

Definite Integration

Definite Integration

ELEMENTRY
Q.1 (1)

Put  dsecdxtanx 2

Also as 0,0x  and
4

,1x




Therefore,  


 
1

0

4/

0

21 dsecdxxtan

4


 2log

24
2log







Q.2 (2)

dx
)x1(

xsin
I

2/1

0 2/32

1

 




Put dtdx
x1

1
txsin

2

1 


 and tsinx 

Also 0t  to
4


as 0x  to

2

1








4/

0

2 2log
2

1

4
dttsec.tI .

Q.3 (1)

Let dx
x2sin169

xcosxsin
I

4/

0







Put txcosxsin  , then dtdx)xcosx(sin 

  





0

1 2

0

1 2 t1625

dt

)t1(169

dt
I

 














0

1
dt

t45

1

t45

1

10

1

0

1

)]t45log()t45[log(
4

1
.

10

1





3log
20

1
)1log9(log

40

1
 .

Q.4 (2)

Let  
 


6/

0

6/

0

2
3

dxxsecxtandx
xcos

xsin
I

Put ,dxxsecdtxtant 2 then we have

6

1

2

t
dttI

3

1

0

2
3

1

0













 

Q.5 (1)

2/

4/

x4/

4/

x )xcosxsin(
2

e
dxxsine
























2/
4/

x )]xcosxsin(e[
2

1 


 

2

e

2

1

2

1
e)01(e

2

1 2/
4/2/


 

































 .

Q.6 (1)

  













1

0

1

0
dx

x1

x1
.

x1

x1
dx

x1

x1
I

 











1

0

1

0 2

1

0 22
dx

x1

x

x1

dx
dx

x1

x1

1
2

]x1[]x[sinI 1
0

21
0

1 


 

Q.7 (1)


x

1
dx

x

xlog2
I

Let txlog   dt
x

dx


2

xlog

0

xlog

0

2

)x(log
2

t
2dtt2I 












  .

Q.8 (1)

We have  


8

3
Idx

x1x

x32

Put dtt2dxtx1 2 

When ,83x  then 32t 

 





3

2 2

2

dt
1t

t35
2I ; dt3

1t

2
2I

3

2 2 












EXERCISES
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3

2

t3
1t

1t
log

1.2

2
2I 













 ; 










3e2

3
log2I .

Q.9 (2)


 


00

dx)x(sinf
2

dx)x(sinfx

Since  
a

0

a

0
,dx)x(fa

2

1
dx)x(xf

if )x(f)xa(f  .

Q.10 (3)







2/

0
dx

xtanxcot

xcot
I .....(i)









































2/

0
dx

x
2

tanx
2

cot

x
2

cot







2/

0
dx

xcotxtan

xtan
.....(ii)

Now adding (i) and (ii), we get




 







2/

0

2/
0

4
I]x[dx

xcotxtan

xtanxcot
I2 .

Q.11 (2)





0

dxxsinlogxI …..(i)

= 



0

dx)xsin(log)x( …..(ii)

By adding (i) and (ii), we get


 


2/

00
dxxsinlog

2

2
IdxxsinlogI2

2

1
log

22

1
log

2

2








 


Q.12 (4)














2/

0

2/

0
dx

xcos

xsin
logdxxtanlog

 
 


2/

0

2/

0
0dxxcoslogdxxsinlog ,









 
a

0

a

0
dx)xa(fdx)x(f .

Q.13 (1)
Since

)(f
sin2

sin2
log

sin2

sin2
log)(f

1






























 )x(f is an odd function of x .

Therefore, 













2/

0
0d

sin2

sin2
log2 .

Q.14 (4)

 
 












2

0

2

0
d

)2cos(ba

)22sin(
d

cosba

2sin
I

 I 








2

0
d

cosba

2sin










2

0
0d

cosba

2sin
0I2 .

Q.15 (1)

 





















2/1

2/1
dx

x1

x1
log)x(cosI ...(i)

 dx
x1

x1
log)xcos(I

2/1

2/1 





















 dx
x1

x1
logxcosI

2/1

2/1 



















 ...(ii)

Adding (i) and (ii), we get

 











































2/1

2/1

2/1

2/1
dx

x1

x1
logxcosdx

x1

x1
logxcosI2

or 0I2  or I = 0.

Q.16 (2)

Let 



0

3xsin dx.x)1n2(cose)x(f
2

Since ]x)1n2()1n2cos[()x)(1n2cos( 

x)1n2cos(  and xsin)x(sin 22 

Hence by the property of definite integral,





0

3xsin 0dxx)1n2(cose
2

, )]x(f)xa2(f[ 

Q.17 (3)

0dx
x1

xsinx3

3 6

2




 . By the property of definite integral,
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a

a
0dx)x(f , when )x(f)x(f  .

Q.18 (4)

dx
xcosxsin

xcos

xtan1

dx
I

2/

0

2/

0 33

3

3 
 





 …..(i)







2/

0 33

3

dx
xsinxcos

xsin
.....(ii)

Adding (i) and (ii), we get 
 


2/

0
.

4
IdxI2

Q.19 (2)

....dx)x2cos1(dx)x2cos1(I
0

2
  

 



 









r

)1r(

100

99
dx)x2cos1(.....dx)x2cos1(.....

 
na

0

a

0
dx)x(fndx)x(f , if

)x(f)xa(f 

 dx)x2cos1(100I
0




 
 


0

2/

0
dxxsin2200xdxsin2100I

2200]xcos[2200 2/
0  

Q.20 (3)

Let .dx
xcos34

xsin34
logI

2/

0
















Then, dx
xsin34

xcos34
logI

2/

0














 ,




















 

 2/

0

2/

0
dxx

2
fdx)x(f

 
















2/

0
Idx

xcos34

xsin34
logI

 0I0I2 

Q.21 (3)

)x(cosf is an even function.

)x(cosf))x(cos(f 

 







2/

2/

2/

0
dx)x(cosf2dx)x(cosf 




2/

0
dx)x(sinf2 .

Q.22 (1)

(1)  













2/1

2/1
dx

x1

x1
lnxcosI














x1

x1
lnxcos is an odd function,

( )x(f)x(f 

 0I 

Q.23 (1)

Let )x1xlog()x(f 2

Now,

)xx1(

)xx1(
).xx1log(xx1log)x(f

2

2
22











 

)xx1(

]x)x1[(
log

2

22






)xx1log(1log 2 

)xx1log( 2  )x(f

Hence,  
1

1

2 0)x1x(log ,









 )x(f)x(fif,0)x(f

a

a
 .

Q.24 (1)

dx]2x[
9

0    
1

0

4

1

9

4
dx4dx3dx2

)1636()312(2  312092 

Q.25 (3)





2/

0
dxxtanlogx2sinI ,




























2/

0
dxx

2
tanlogx

2
2sinI ,

  
a

0

a

0
]dx)xa(fdx)x(f[





2/

0
dxxcotlogx2sin 




2/

0
dxxtanlogx2sin

II   2I = 0 .0I 

Q.26 (3)

Put ,sinx  we get



85

Definite Integration








 


d

cos

cos.sinlog
dx

x1

xlog1

0

2/

02

2log
2

dsinlog
2/

0


 



Q.27 (1)




 


3/

6/ xtan1

dx
I 



 


3/

6/
dx

xsinxcos

xcos
…..(i)




 


3/

6/ xsinxcos

xsin
I

…..(ii)

(Since  
b

a

b

a
dx)xba(fdx)x(f

Adding (i) and (ii), we get, 





3/

6/
dxI2

12632

1
I










 



 .

Q.28 (2)




 













n

1r
100

99

n100

999999

n n

r
lim

n

n.....21
lim

 



























n

1r

1

0

1

0

100
99

99

n
.

100

1

100

x
dxx

n

r

n

1
lim

Q.29 (2)

2

n2

1r
n )n/r(1

n/r
.

n

1
limL


 




= 15dx
x1

x

2

2

0





Q.30 (4)

















 n2

1
.....

2n

1

1n

1

n

1
lim

n

= 

















 nn

1
....

2n

1

1n

1

n

1
lim

n
































n

n
1

1
....

n

2
1

1

n

1
1

1
1lim

n

1

n




























n

0r
n

n

r
1

1
lim

n

1

 


1

0
dx

x1

1

2log1log2log)]x1([log eee
1
0e  .

JEE-MAIN
OBJECTIVE QUESTIONS
Q.1 (1)

 

x

1
2 1–t|t|

dx

  
6

sec
x

1
–1 

 = sec–1x – sec–11

=
6


= sec–1x =

6



 x = sec–1

3

2

6




Q.2 (3)

 =  

1

0

222 cossincosx2x

dx

=  

1

0

22 sin)cosx(

dx

=

1

0

1

sin

cosx
tan

sin

1
























=




sin2

Q.3 (3)

  

2

0

1

0

2

1

2332 dx)x–x(dxxdx)x(fx

=

2

1

34
1

0

4

3

x
–

4

x

4

x


























= 

















3

1
–

4

1
–

3

8
–4

4

1
= 4 –

3

5

3

1
–4

3

1

3

8


Q.4 (3)






1n

n

2ndx)x(f




4

2

dx)x(f = 




1

2

dx)x(f + 


0

1

dx)x(f + 
1

0

dx)x(f +
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2

1

dx)x(f + 
3

2

dx)x(f + 
4

3

dx)x(f

= 4 + 1 + 0 + 1 + 4 + 9 = 19

Q.5 (4)

I = 




0

dx|xcos21|

= 




3/2

0

dx)xcos21( – 






3/2

dx)xcos21(

= 3/2
0|)xsec2x(  – 2 /3(x 2sec x) |

=
3


+ 2 3

Q.6 (1)

I = 




3

1

dx])x[|2x(|

= 




2

1

dx|2x| +  

3

2

dx|2x| + 




0

1

dx)1( +


1

0

dx.0 + 
2

1

dx.1 + 
3

2

dx.2

= 




2

1

)x2( dx +  

3

2

dx)2x( –1 + 0 + 1 + 2

= 2x –

2

1

2

2

x



+

3

2

2

2

x2x 
+ 2 = 7

Q.7 (3)

 = dx
)x2(

f
x

1

0
 


 =

1

04

)x2(f

2

)x2(fx












=
2

)2(f 
–

4

)2(f
+

4

)0(f
=

4

1

4

3

2

5
 = 2

Q.8 (1)






2/3

1

dx|xsinx|

= 




1

1

dx|xsinx| +  

2/3

1

dx|xsinx|

= 2  

1

0

dx|xsinx| +  

2/3

1

dx|xsinx|

= 2  

1

0

dxxsinx –  

2/3

1

dxxsinx

 xdxcosx = –
xcos x


+

2

sin x



1

0

x sin xdx =
1



 

2/3

1

dxxsinx =
2

1


–

1



I =


2
+ 2

2


+


1
= 2

3 1 


k = 3 + 1

Q.9 (2)

I =

/4

3
0

x sin x
dx

cos x



 =

/4
2

0

x tanx sec x dx





= x

/4
2

0

tan x

2



–  dx
2

xtan2

=
8


–

2

1
  )1x(sec2

dx

=
8


–

2

1 /4

0
tanx x


   =

4


–

2

1

Q.10 (1)

I =

log x

x
log log2

e
dx

2
1 cos e

3




 

  
 



Put
3

ex

= t  ex dx = 3dt

= 3 





3/

6/
t2cos1

dt
=

2

3
/3

2
/4

dt

sin t




 =

2

3
 teccos 2

dt



87

Definite Integration

= –
2

3 /3
/6[cot t] = –

2

3








 3

3

1
= 3

Q.11 (1)

I1 = 
2e

e
nx

dx

 ; I2 = dx
x

e
2

1


Put   nx = t  x = et  dx = etdt

I1 = dt
x

e
2

1

t

 = I2

Q.12 (1)






2/

0

dx|xcotxtan|n

=  
/2 /2 /2

0 0 0

2
n dx n2dx n sin 2x dx

sin 2x

  
 

  
 

    

Q.13 (4)

I = 








 
3/1

2

0

35 dxxsinx

x3 = t  x2dx =
3

dt

I =
3

1 
 2/

0

dttsint =
3

1
[–t cos t +  dttcos ]

=
3

1
[–t cos t + 2/

0]tsin  =
3

1

Q.14 (2)

I = 




0

x dx]e2[

Let 2e–x = t

– 2e–x dx = dt dx =
t

dt

= – 
0

2

]t[
t

dt
= t

dt
]t[

2

0
 =  

1

0

dt
t

0

2

1

dt
t

1
= n2

Q.15 (3)

f(x) = 0 where  =
1n

n


, n = 1, 2, 3, ...

= 1 else where

Find = 
2

0

dx)x(f = 2 × 1 = 2

x = 0 1 x = 2

1

Q.16 (4)






0

x dxe
2

=
2








0

ax dxe
2

Put xa = t

dx =
a

dt
=

a

1





0

t2

e dt =
a2

3
=

2

1

a



Q.17 (2)

A =  

1

0

t

t1

dte

I = 






a

1a

t

1at

e
dt = – 







a

1a

t

dt
ta1

e

Put a – t = z
dt = – dz

=  

0

1

)az(a

z1

dze
= –  

1

0

z

z1

dz.e
= – AeAe–a

Q.18 (3)

I =  

2

1

22 dx)]x[]x([

= 
2

1

dx.1 + 
3

2

dx.2 + 
2

3

dx.3 – 
2

1

dx.1

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

= 2 – 1 + 2 3 – 2 2 + 6 – 3 3 – 1

4 – 2 – 3
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Definite Integration

Q.19 (2)

I = 


0

dxxsin)x(f + 




0

dxxsin)x(f

= – cosx + f(x) |0
 + 





0

dxxcos)x(f + sinx f(x)|0


– 




0

dx)x(fcos

I = f(x) + f(0)
5 = f(x) + f(0)
5 = 2 + f(0)
f(0) = 3

Q.20 (1)




x

2
2 1tt

dt
=

2



sec–1x – sec–1
2 =

2



sec–1x =
2


=

2



sec–1 x =
2


+

4



sec–1 x =
4

3

x = sec
4

3

x = – 2

Q.21 (3)

I = 





2/

0

2

|xcosxsin|

)xcosx(sin
dx = 






2/

0

2

)xcosx(sin

)xcosx(sin
dx

= 




2/

0

dx)xcosx(sin [sinx – cos x]0
/2 = 1 + 1= 2

Q.22 (3)

Let 
1

= 
b

a

dx)x(g)x(f [given )x(g)x(f
dx

d
 ]

 
1

=  b
a

dx)x(g)x(f  –   







b

a

dxdx)x(g)x(f
dx

d

=  ba2 )x(f – 
b

a

dx)x(g)x(f  2
1

= [f(b)]2 – [f(a)]2

  
1

=
2

)]a(f[)]b(f[ 22 

Q.23 (2)

 
5

1
dx|]3x[|I

= 
2

2
dx|]x[| = 2 

2

0
dx|]x[|

= 2 
2

0
dx]x[ = 2[1] = 2

Q.24 (1)

2

2

1

(x log a) dx = 2 log2









a

2

 
22

2

a

x
log a x

2
 = 2 log2










a

2

2 – 2 log2a = 2 log2 a

2

2 – 2 log2 a = 2 log2 2 – 2 log2 a

1 = 1
a > 0 because of log properties.

Q.25 (2)

I =
C

1
·  








bc

ac

dx
c

x
f

Put
c

x
= t 

c

dx
= dt =

b

a

f (t)dt

Q.26 (3)




x

2n
x 1e

dx



=
6



Put ex – 1 = t2

ex dx = 2t dt

dx =
)1t(

dtt2
2 

2 




1e

1
2

x

1t

dt
=

6



2 tan–1
1ex  = 30º + 90º
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Definite Integration

tan–1
1ex  = 60º

1ex  = 3

ex – 1 = 3

ex = 4x = n 4

Q.27 (4)




3

3

dx)x(f = 5 × (3 + 3) = 30

5

–3 3

Q.28 (1)

I = 


5

2/5
4

32

dx
x

)x25(

Put x = 5 sin

 dx = 5 cos d

= 




dcot

2/

6/

4
= 





d)1ec(coscot 2
2/

6/

2

=   deccoscot 22
–   dcot2

=

2/

6/

2

3

3cot





–  2eccos

= –
3

cot3 
+ 2/

6/|cot 


=
2


+

3

)3( 3

– 3 –
6


=

3



Q.29 (2)




1

1

dx)x(f = 2 [A1 + AA2 + A3] = 2

[ 









4

1

2

1

2

1
+ 










4

1

2

1
+ 










4

1

4

1

2

1
] =

8

3

Q.30 (3)

I =

2

n

2
n

x
f [f(x) f( x)]

4
dx

x
f [g(x) g(–x)]

4

 



 
  

 
 
 

 
 
 






odd function by P – 5

I = 0

Q.31 (4)

2I =

3 log3

2 log3

log (4 x)
dx

log(4 x) log (9 x)







  

using king
replace x by 5 – x

I =

3 log3

2 log3

log (9 x)
dx

log(9 x) log (4 x)







  

2I =

3 log3

2 log3

dx




 I =

2

1
+ log 3

Q.32 (3)

I1 =

3
2

0

f(cos x)dx



 ; period is 

= 3 


0

2 dx)x(cosf

I1 = 3I3
Similalry I2 = 2I3

I2 + I3 3I3
I2 + I3 = I1

Q.33 (3)

I =

11 x

[x]
0

11

11 dx =
k

log11

I = 
11

0
]x[

x

11

11
dx =  

11

0
}x{x

x

dx
11

11

=

11
{x}

0

11 dx = 11 
1

0

x dx11 =
11

log11
1
0

x ]11[ =
110

log11

k = 110
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Definite Integration

Q.34 (4)

f(x) = 2x

1
f 









x

1

I = 




eccos

sin

dx)x(f = –

cosec

2
sin

1 1
f dx

xx





 
 
 

x

1
= t  – dtdx

x

1
2



I = 




sin

eccos

dt)t(f = – 




eccos

sin

dt)t(f

2I = 0      I = 0

Q.35 (2)
f(x) = f(a – x)
g(x) + g(a – x) = 2

I = 
a

0

dx)x(g)x(f =  

a

0

dx)xa(g)xa(f

I = 
a

0

)x(f (2 – g(x)) dx = 2 
a

0

dx)x(f – I

2I = 2 
a

0

dx)x(f 

a

0

f(x)dx  

Q.36 (3)

I =  

10

4
22

2

]x[)]14x[(

]x[
dx

I =  


10

4
22

2

]x[])14x[(

]14x[
dx

2I = 
10

4

dx.1  I = 3

Q.37 (2)

I =  












100

1r

1

0
dx)x1r(f

=  
1

0

1

0
dx)x1(fdx)x(f

 
1

0

1

0
dx)x99(f....dx)x2(f

=  
100

99

3

2

2

1

1

0
dx)x(f....dx)x(fdx)x(fdx)x(f

=
100

0
f(x)dx = 1 = a

Q.38 (2)

n /2

0
sin[2x] dx 2x = t

2dx = dt

dx=
2

dt

2

1
dt]t[sin

n

0

=
2

1 1 2 3

0 1 2 3
sin0 dt sin 1dt sin 2dt sin 3dt

 
   

    

=
2

1
[sin 1 + sin 2 + ( – 3) sin 3]

Q.39 (2)

I = 





2/

2/
2 1x2cos8

dx|x|
= 2 





2/

0
2 1x2cos8

dx|x|

I = 2 




2/

0
2 1x2cos8

dxx

I = 2 















2/

0
2 1x2cos8

dxx
2

2I =  




2/

0
2 1x2cos8

dx

Put 2x = t  dx =
2

dt

2I =
2

 



0

2 1tcos8

dt

2I =  






2/

2/
2 1tcos8

dt

I =
2

 




2/

0
2

2

ttana

dttsec
=

2

3









3

1
tan–1 2/

0|ttan 
=

12

2
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Definite Integration

Q.40 (1)

 = 




00

dx)x(sinf)x(dx)x(sinfx

=  
 2/

0

dx)x(sinf

Q.41 (4)

I = 




n2

0

sec|xsin| 










n2

0

a

dx
2

xsin

= 
n2

0

dx|xsin| – 1  sin x  1

= 2n 


0

dx|xsin| –
2

1


2

xsin


2

1

= 2n (2) = 4n

Q.42 (4)


 3/

0

dx)x(f = 0 




4/

0

xdxtan 




3/

4/

dxxcot

= 4/
0|xsecn  + 3/

4/|xsecn 


= n 2 + n
2

3
– n

2

1
= n 3

Q.43 (2)

Q.44 (4)

Q.45 (1)

f(x) = f(x) + f 








x

1

f(x) =  

x

4

dt
t1

tlog

f 








x

1
=  

x/1

4

dt
t1

tlog

t =
4

1

 dt = – 2u

du

= – 


u

4
4

1
1

4

1
n

. 2u

du
=  

x

1
)u1(u

4n
du

f 








x

1
 

x

1

dt
t)t1(

nt

f(x) = f(x) + f 








x

1
=  

x

1
)1t(

tln
dt

t

11







 

f(x) = 
x

1

dt
t

nt
=

x

1

2

2

tn

f(x) =
2

xn2
 f(e) =

2

en2
=

2

1

Q.46 (2)
f(a + b – x) = f(x)

I = 
a

a

dx)x(fx

King

I =  

b

a

)xba( (a + b – x) dx

I =  

b

a

)xba( f(n) dx

2I = (a + b) 
b

a

dx)x(f

Q.47 (3)

 f’(x) = f(x) 
)x(f

)x('f
= 1

  dxdx
)x(f

)x('f
 n f(x) = x + c

f(x) = ex + c.....(1)
f(0) = 1  ec = 1  c = 0
Now f(x) = ex

f(x) + g(x) = x2  g(x) = x2 – ex

dx}ex{edx)x(g)x(fI
1

0

x2x1

0  

= e –
2

3

2

e2
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Definite Integration

Q.48 (4)

I = 




2/

0
3 xtan1

dx

Applying King

I = 




2/

0
3 xcot1

dx

Add

2I = 
 2/

0

dx

I =
4



Q.49 (1)

I = 
















 




3

1

2
1

2
1

x

1x
tan

x1

x
tan dx

I = 
















 




1

1

2
1

2
1

x

1x
tan

x1

x
tan dx

O is odd function

+ dx
1x

tan
x1

x
tan

3

1

2
1

2
1

 











 






= dx
x1

x
cot

x1

x
tan

3

1
2

1
2

1
 
















= 





3

1

)z(
2

dx.
2

Q.50 (3)

I = 
 

1

1
x

4

7

e1

x
dx

King Replace x  – x

I = 




1

1
x

4

7

e1

x
dx

2I = 
 


1

1
x

x4

)e1(

)e1(x
7

7

dx

I =
5

1

Q.51 (3)

I = 





1

1

2

|x|3

xxsin
dx = 

 




1

1

Function
oddasO

2

|x|3

xxsin
+ 




1

1

2

dx
|x|3

x

= 2  

1

0

2

dx
|x|3

x

Q.52 (4)

I = n
lim


n 3

4 4
r 1

r

r n

 
 
  



=
n
lim


n 3

4
4r 1

r

r
n 1

n


 
 
 
 

    
  



= n
lim

3

n

4
r 1

r

1n

nr
1

n


    
  
 

     
  

 =  

1

0
4

3

x1

x
dx

=
4

1
n 4 1

0(1 x ) | =
4

1
n 2

Q.53 (2)

n
lim


3n

2 2
r 2n 1

n

r n  


=
n
lim


3n

2
r 2n 1

1 1.
nr

1
n

 
       



=  

3

2
2 1x

dx
=

2

1
n

3

21x

1x




= n

2

3

Q.54 (3)

L = h
lim

n/1

2

2

2

2

2 h

n
1...

h

2
1

n

1
1






















































 nL =
n

lim
n

1 

























n

1r

2

n

r
1n
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Definite Integration

=  

1

0

2 dx)x1(n

= xn (1 + x2) – 2x + 1 1
02tan x |

nL = n2 – 2 +
2


 L = 2e

2
e/2

Q.55 (1)

n
lim 











n

1r
n

r

n

1
sec2

2

n

r








= 

1

0

22 dxxsecx

Put x2 = t

x dx =
2

dt
=

2

1 
1

0

2 tsec =
2

1
[tan t]0

1 =
2

1
tan 1

Q.56 (3)

 = n
lim

n

r
sin

n

1n

1r







=   

1

0

dxxsin

1

0

xcos
– 












= [– cos + 1] = 2

Q.57 (4)

f(x) = 1 + x + dt)nt2tn(

x

1

2
  

f(x) = 1 + n2x + 2nx

f(x) = 0
(nx + 1)2 = 0  x = e–1

f 








e

1
= 1 +

e

1
+

1/e
2

1

2
n t nt dt

t

f(t) f '(t)

  
  
  

 

  

= 1 +
e

1
+ t e/1

1
2 |tn = 1 +

e

2
= 1 + 2e–1

Q.58 (1)
f(x) = eg(x)

g(x) =  

x

2
4t1

dtt

g(x) = 4x1

x



g(2) =
17

2

f(x) = eg(x) . g(x)
f(2) = eg(x) . g(2)

= e0 .
17

2
=

17

2

Q.59 (1)

2x
lim
 2x

t4

)x(f

6

3




dt

Apply LHospital

2x
lim
 1

)x(f).x(f4 3 

4f3(2) . f1(2) = 4 × 63 ×
48

1
= 18

Q.60 (2)

 =
0h

Limit
 h

dttndxtndttn

x

a

2

hx

x

2

x

a

2




 

   = 0h
Limit


h

dxtn

hx

x

2






Using L hospital we get

 =
0h

Limit


xn)hx(n 22  

Q.61 (3)

L = 0x
lim


2x

2

0

sec t dt

x sin x


= 0x

lim
 2

x

0

2

x

dttsec

2



=
0x

lim
 x2

x2.xsec 22

= sec2 (0) = 1

Q.62 (4)


4

1

xsin 3

e
x

3
dx = 

4

1

xsin
3

2

dxe
x

x3 3

x3 = t

3x2 dx = dt = 
64

1

tsin

dt
t

e
= 64

1|)t(f = f(64) – f(1)
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Definite Integration

Q.63 (B)

I =
0x

lim
 xsinx

dttcos

2x

0

2


=
0x

lim
 2

x

0

2

x

dtcot

2



= 0x
lim
 x2

x2.xcos 4

= 1

Q.64 (2)


y

a

2tcos dt = 
2x

a

dt
t

tsin

differentiating both sides w.r.t x we get

dx

d

dx

d
dttcot

y

a

2  
2x

a

dt
t

tsin

RHS = 2

22

2

2

x

xsin
2

dx

dx

x

]x[sin


L.H.S. =
dy

d

dx

dy
ycos

dx

dy
dttcos 2

y

a

2 














  2

2

ycosx

xsin2

dx

dy


Q.65 (2)

I1 = 


2

1 2x1

dx
= n

2

1

2 1xx 





  = n



















21

52

I2 = 
2

1 x

dx

= n 2
I2 > I1

Q.66 (1)

I =  

1

0

01
2

2 cxcxc =
3

xc 2
2 +

1

0

0

2
1 xc
2

xc


=
3

c2 +
2

c1 + c0

I = 0 than definately one root will lie in (0, 1)

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1 (A)

I =  

a

1

dx)x(f]x[

I =  

2

1

dx)x(f.1 +  

3

2

dx)x(f.2 +  

4

3

dx)x(f.3 + ...

+  

a

]a[

dx)x(f.]a[

= [f(2) – f(1)] + 2 {f(3) – f(2)} + 3 (f(4) – f(9))
+ ... + [a] (f(a) – f[a]

= –f(1) – f(2) – f(3) – f(4) ... f(a) + [a] + (a)
= [a] f(a) – {f(1) + f(2) + f(3) ..... – f [a]}

Q.2 (D)

Q.3 (B)

I = 




4/

0

])x[x(dx])x[xsin(

0 < x <
4



[x] = 0

=  

3

1

dx]x3[ +  

5

3

dx]3x[

3 – x = t x – 3 = 4
dx = – dt dx = du

= – 
0

2

dt]t[ + 
2

2

du]u[

= 2 
2

0

dt]t[ = 2 [  

1

0

dt.0 
2

0

dt.0 ] = 1–
2

1

Q.4 (C)

I1 =  

1

0

x

x1

dxe
\

I2 = 


1

0
3x

2

dx
)x2(e

dxx
3

Put x3 = t
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Definite Integration

x2 dx =
3

dt
=

3

1  

1

0
t )52(e

dt

1 – t = z
dt = – dz

= –
3

1  

0

1
)z1( )z1(e

dz
=

3

1  

1

0
)z1(

x

)z1(e

dze

I2 =
e3

1
I1

2

1




= 3e

Q.5 (B)

0 < x <
2



I = 
2/1

2/1

)x(cosdxcot

= – 





3

4

dxxsin
xsin

xcos

= – 3/
4/]x[sin 



= –













2

1

2

3
= – 












 

2

23
=

2

32 

Q.6 (C)

I = 
 3/

0

dx]xtan3[

3 tan x = t

3 sec2x dx = dt

dx =
)xtan1(3

dt
2

=
















3

t
13

dt
2

=
3t

dt3
2 

=  

3

0
2 3t

dt3
.]t[

= 3  

1

0
2 3t

dt.0
+ 3  

2

1
2 3t

dt
+2 3  

3

0
2 3t

dt

= tan–1

2

13

t
+ 2 tan–1

3

23

t

= tan–1

3

2
–

6


+ 2 tan–1

3 – 2 tan–1

3

2

=
3

2
–

6


– tan–1

3

2
=

2


– tan–1

3

2

Q.7 (A)

I =

[x]

0

{x}dx = [x] 
1

0

dx}x{ = [x] 
1

0

dxx =
2

]x[

Q.8 (D)

I =  
1

0

]x2[x2 ])x[x(de = 
1

0

]x2[ dxe

Put 2x = t  dx =
2

dt

=
2

1 
2

0

}t{ dte = 
1

0

}t{ dte = 
1

0

tdte = e – 1

Q.9 (D)

I = 




3/

4/

)x(sindecxcos

= 


 

1

1

sin

4
sin

dxxcot = n sin x
3/sin

4/nsin

1

1|xsinn 



= n sin 






 

3
sin 1

– n sin 






 

4
sin 1

= n
3


– n

4


= n

3

4

Q.10 (B)

I =

/2

3 2

3 /2

{(x ) cos (x 3 )}



 

     dx

Put x + x = t  dx =d t

I = 






2/

2/

23 dt)tcost(

I = 2 






 

4
=

2





96

Definite Integration

Q.11 (A)

f(a) + f(–a) = a

a

e1

e


+ a

a

e1

e





= 1

I1 = dx)]x1(x[xg

)a(f

)a(–f
 

Apply king

I1 = dx}x)x1{(g)x1(

)a(f

)a(–f
 

2I1 = dx)}x1(x{g

)a(f

)a(–f
 

2I1 = I2

1

2




= 2

Q.12 (B)

Q.13 (C)

I =  

1

a

ndx)x1(x

Alitar
Use king properly
Put 1 – x = t

dx = – dt

= –  

0

1

ndtt)x1( =  

1

0

ndtt)x1(

= 


1

0

1nn dt)tt( =
1n

t 1n





–

1

0

2n

2n

t





=
1n

1


–

2n

1



Q.14 (C)
In first integral replace t by ‘1/t’

Q.15 (A)

I =

/4 x
2

2x

/4 EvenFunction

oddfn.

Odd function

e
sec x dx

e 1








  
 

  




I = 0

Q.16 (C)

f(x) =




 

otherwise,2

2x2,xsine xcos

I = 


3

2

dx)x(f + 
3

2

dx)x(f

= 





2

2

funtion
odd

asO

xcos dxxsine 
3

2

dx.2 = 2

Q.17 (C)

I = 






























 


1

2

1
2

x
cos1x dx

– 2x < x < 1

–x

2




2



x

– p <
2

x
<

2



–2 < x < – 1

–  <
2

x
< 0

–1 < cos
2

x
< 0

0 < 1 + cos
2

x
< 1








 


2

x
cos1 = 0






1

2

dx.1 + 




0

1

dx]1x[ +  

1

0

dx]1x[

–
2


<

2

x
< 0 0 <

2

x
<

2



1 < cos
2

x
+ 1 < 2 1 < cos

2

x
+ 1 < 2

= 1 + 0 + 1 = 2
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Definite Integration

Q.18 (B)

I =  






 


2

0

3

2

x
cos1x dx

=  






 


1

0

3

2

x
cos1x dx +  







 


2

0

3

2

x
cos1x dx

0 < x < 1 1 < x < 2

0 <
2


x <

2



2


<

2


x < 

1 > cos
2


x > 0 0 > cos

2


x > – 1

1 < 1 + cos
2


x > 0 0 < 1 + cos

2


x < 1

[1 + cos
2


x] = 1 [1 + cos

2


x] = 0

= 
1

0

3dxx + 
2

1

3 dx)0(x =
4

1

Q.19 (A)

n
lim 











n

1r

p

n

1
.

n

r


1

0

pdxx =

1

0

1p

1p

x





=
1p

1



Q.20 (C)

n
lim 

 

n

1r
2)n4r3(r

n

n
lim 


















n

0r
2

n

r
34n

n

r

n/n

 

1

0
2)x34(x

dx

r +3 x = t

x2

3
dx = dt

x

dx
= dt

3

2
=

3

2
 2t

dt
=

3

2

t

1

= –
3

2
1

0
)x34(

1


=

3

2










4

1

n

1

=
3

2







 

28

74
=

28

2
=

14

1

Q.21 (A)

 

1

xsin

2 xsin1dt)t(ft

Applying Leibitz Rule
– sin2x f(sint) cost = – cost

f(secx) =
xsin

1
2

f 








3

1
=

2

3

1

1









= 3

 


1

xsin 1

2 dtftt = 1 – sin x

f(t) = 2t

1
  f 









3

1
= 3

Q.22 (C)
In (0, 1)
x2 > x3

2x2 > 3x2


1

0

x2

2 dx > 
1

0

x3

2 dx

I1 > I2

Q.23 (C)

Un = 
2/n

0

n xdxsin.x

U10 = 
2/x

0

10 xdxsin.x

= – x10 2/x
0|xcos + 

2/x

0

9 dxcosx10
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Definite Integration

= –

10

2







 
. cos

2


+ 10 

2/x

0

9 xdxcosx

= 10 [x9 2/x
0|xsin – 9 

2/x

0

8 xdxsinx9

U10 =

9

2







 
– 90 U8

U10 + 90 U8 = 10

9

2







 

Q.24 (A)

In = 
 4/

0

2 xdxtan

42

1


=






4/

6

42 dx)xtanx(tan

1

=






4/

6

22 dxxsinxtan

1
= 3

53

1

 = 4

64

1

 = 5 A.P.

Q.25 (A)

I =  

2

1

dx)x(f = f(z) – f(1) = 0

Q.26 (C)
Use by parts.

Q.27 (B)

f(x) =  

x

0

2 dt)1tt(  x  (3, 4)

Geatest =  

4

0

2 dt)1tt(

Least =  

3

0

2 dt)1tt(

diff. =  

4

0

2 dt)1tt( –  

3

0

2 dt)1tt(

=  

4

3

2 dt)1tt( =
3

t3
–

4

3

3

t
2

t
 =

6

59

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (A, C)

dx
)2x2x()1x(

1xx

)2x2x()1x(

2x2x
1

0

2

2

2

2

 




















= dx
)2x2x()1x(

1xx
dx

1x

1
1

0

2

21

0
 






=  









1

0

2

21

0

2

1

0
)1x()2x2x(

x2–2x2x

2x2x

dx
dx

1x

1

=  

1

0

2

1

0
1)1x(

dx
–dx

1x

2

= 2    101–1
0 )1x(tan–)1xln( 

= 2n2 – tan–12 + tan–1 1 = 2tan2n2
4

1–




= 2n2 – [tan–1 2 – tan–1 1] = 2n2 – cot–1 3

= 2cot2n2
4

–
2cot

2
2n2

4
1–1– 










Q.2 (A, B)

I =
2





0

dx)x(sinf

Queen

I =  
 2/

0

dx)x(sinf

Q.3 (A, C)

I = dx
)x1)(x1(

x

0
2




...(1)

Put x =
4

1
 dx = – 2t

dt
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Definite Integration

= – 


 


















2t

1
1

t

1
1

t

1

. 2t

dt
= 




0

2 )t1)(t1(

dt

I = 



0

2 )x1)(x1(

dx
...(2)

(1) + (2)

2I = 



0

2 )x1(

dx
= 

0
1 |xtan

2I =
2



I =
4



Q.4 (A, B, C, D)

I = 
b

a

dx
x

|x|
 a < b

x > 0 I = 
b

a

dx
x

x
= b – a

x < 0 I = – 
b

a

dx = a – b

Q.5 (A, D)

f(x) = 


x

b

14 dt)tsint(cos

= f(x + x) = 




x

b

14 dt)tsint(cos

= f(x) + 


x

b

14 dt)tcost(cos

= f(x) + f(x)

= f(x) + 




0

44 dt)tcost(cos

= f(x) +
2

1





2/

0

44 dt)tsint(cos

Q.6 (C, D)
f(sin2 x) = cos2 x = 1 – sin2 x
 f(t) = 1 – t

 f(t) = t – c
2

t2



1 = f(1) = 1 – c
2

1
  c =

2

1

 f(x) = 4 –
2

c

2

x3



Q.7 (A, B)

f(x) =  

x

0

22 dt)t3sin3t3cos2(

=  

x

0

2 dt)t3sin2(

f(x + ) =  

x

0

2 dt)t3sin2( + 




x

x

2 dt)t3sin2(

= f(x) +  

x

x

2 dt)t3sin2(

= f(x) + f(x)

f(x) =  

x

0

2 dt)t3sin2( = 2 




2/

0

2 dt)t3sin2(

= 2f 






 

2
f(x + )

= 2f 






 

2
+ f(x)

Q.8 (A, B, C)

I = 
2

0

2 dxxsin period is 

=  


0

2 dxxsin = 4 
 2/

0

2 dxxsin = 4 
 2/

0

2 dxxcos

Q.9 (A, B, C)
f( – x) = – f(x) ... (1)

f(x + 2) = f(x) ... (2)

g(2n) =  

n2

0

2

0

dt)t(fndt)t(f

 g(2n) = n g(2) ... (3)

Now g( – x) = 
x–

0

dt)t(f
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Definite Integration

put t = – z dt = – dz

= dz)z–(f)dz()z(f

x

0

x

0
  (from (1))

=  

x

0

)x(gdt)t(f

 g(– x) = g(x)

Again g(x + 2) =  
 



2x

0

2x

x

dt)t(fdt)t(f

 g(x + 2) =  
x

0

2

0

dt)t(fdt)t(f ( f period)

 g(x + 2) = g(x) + g(2) .... (4)
Putting x = 0, 2, ......

g(2) = g(0 + g(2) g(0) = 0
g(4) = g(2) + g(2) g(4) = 2g(2)
putting x – x we get

g(2 – x) = g(– x) + g(2) = g(x) + g(2)
at x = 2

g(0) = 2g(2) g(2) = 0

 g(0) = g( ± 2) = g(± 4) = ..... = 0
from (3)

g(2n) = 0
& from (4) g(x + 2) = g(x) prd. of g(x) is 2

Q.10 (A, B, C, D)
f(x) = f{x}

{x} is perido with = 1
(A)

(B) 
1

0

}x{ dx2 = 
1

0

x dx2 =

1

0

x

2n

2

 =
2n

1



(C) 
1

0

}x{ dx2 =
2n

1


= 2

e

ne

n



 

(D) 
100

0

}x{ dx2 = 100 
1

0

}x{ dx2 = 100 n2

Q.11 (A, B)


n

=  

1

0 n2 )x1(

dx
=  

1

0

n–2 dx)x1(

=

1

0
n2 )x1(

x














– dxx2)x1()n(–

1

0

1–n–2

 

=  


1

0 1n2

2

n )x1(

x
n2

2

1

=  




1

0 1n2

2

n
dx

)x1(

1–x1
n2

2

1

= 1nnn
n2–n2

2

1


 2n 
n + 1

= 2–n + (2n – 1) 
n

 2
2

=
2

1
+ 

1
=

2

1
+  101– xtan

 
2

=
84

1 


Q.12 (B,C)

n
lim

n

1  










2

1

n

1r

dx)x(f
n

r
f

n
lim  










 
n

1r

1

0

dx)x1(f
n

nr
f

n

1

=  

2

1

2

1

dx)x(fdt)t(f

n
lim

n

1
 











1

0

n

1r

dx)x(f
n

r
f

n
lim

n

1
 











2

0

n2

1r

dx)x(f
n

r
f

Comprehension # 1 (Q. No. 13 to 15)
Q.13 (C)

At x = 1, y = 0

dx

dy
= 2x . x8 – x4 = 2 – 1 = 1

 equation of tangent y – 0 = 1 (x – 1)
y = x – 1

Q.14 (A)

F(x) = 
x

1

2/t2

e (1 – t2) dt

F(x) =













 )x1(e 22

x2

 F(x) = e1/2 . 0 = 0
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Definite Integration

Q.15 (A)

dx

dy
= 4x3 (n x4)2 – 3x2 (n x3)2

= 4x3 (4 n x)2 – 3x2 (3 n x)2

= 64x3 (n x)2 – 27 x2 (n x)2


0x

lim
dx

dy
= 64

0x
lim x3 (n x)2 – 27

0x
lim

x2 (n x)2 = 0

Comprehension # 2 (Q. No. 16 to 18)

Q.16 (D)


1x

2x
2

2




= 1 +

1x

1
2  = 1 + proper fraction



2

2

x 2

x 1

 
 

 
= 1

Then, 














10

0 2

2

1x

2x
dx =  

10

0
10dx.1

Q.17 (C)

 
1

0
dx])x2[]xsin([

 
2/1

0
dx])x2[]xsin([ +

1

1/2
sin([x] [2x])dx

= 0 +
1

1 /2
sin(0 1)dx =

2

1sin

Q.18 (D)

  










1

1 x/1e1

1
d|]x[|

=
0

1 / x
1

1
[ x] d

1 e


 
  

 

+  








 

1

0 x/1e1

1
d]x[ = 0 + 0 = 0

Comprehension # 3 (Q. No. 19 to 21)
Q.19 (D)

Q.20 (A)

Q.21 (C)
(19 to 21)

For the integral to be defined in (0, ), –1 < x < 1

f (x) = 



0

cosx1

1
d = 




0

cosx1

1
d

 












 



00

d)(gd)(g

 2f (x) = 



0

22 cosx1

2
d

f (x) = 






0

22 cosx1

d
= 2 






2

0

22 cosx1

d

= 2 






2

0

22

2

xtan1

dsec
= 2 




0

22 x1t

dt

= 2

















 0
2

1

2 x1

t
tan

x1

1
=

2x1



 f(x) =  sin–1 x + k

but f(0) = 



0

cos

1n
d = 0  f(x) =  sin–1 x

Range of f(x) = 











 

2
,

2

22
















 


2
,

2

–
xsinofrange 1

f(x) is differentiable in the interior of its domain and

f (x) = 0 has no solution.
Hence f(x) has no critical points.
f(x) =  sin–1 x, x  (–1, 1)

Applying Lagrange's theorem

f (x) =
)1(1

)1(f)1(f






2x1

2

2







 x = ±



 42

 (–1, 1)

 There are two Lagrange's constant for f(x) in

its domain.

Q.22 (A)  (r), (B)  (r), (C)  (p), (D)  (p)

(A) 5 < x < 10  0 < x – 5 < 5

 0 <
5

5x 
< 1 







 

5

5x
= 0

(B) –tan 1 < x < 0  tan (–1) < x < 0
 – 1 < tan–1 x < 0 0 < –tan–1 x < 1

 [–tan–1 x] = 0
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Definite Integration

(C)
6


< x <

3




2

1
< sin x <

2

3

 1 < 2 sin x < 3

 [2 sin x] = 1

(D) I = 






1

1

1 xcot
dx  dx

)x(cot
1

1

1










 dx
xcot

1

1

1










  = dx
xcot

dx1

1

1

1

1

1

 
 






I =
1

1
|x


– I

2I = 1 – (–1) = 2

Q.23 (A)  Q,S,T (B)  P,T (C)  R,S,Ts

= 


 

2/

nn

n

dx
xcosxsin

xsin
........(i)

I = 






































2/

nn

n

dx

2
cos

2
sin

2
sin

= 


 

2/

nn

n

dx
sincos

cos
.....(ii)

Adding Eqs. (i) and (ii), then

2 I = 








2/
2

2
dx1

 I =
4


–  (Q, S, T)

(B) I = 


 
dx

1

xsin
x

2

......(i)

I = 


 


dx

a1

)x0(sin
x0

2

= 


 


dx

1

xsin
x

2x

.....(ii)

Adding Eqs. (i) and (ii), then

2 I =  







0

22 dxxsin2dxxsin

 I =  
 


0

2/

0

22 dxxsin2dxxsin

= 2.
2

1
.

2


=

2


(P, T)T)

(C) I = 


 

2

n2n2

n2

dx
xcosxsin

xsinx
......(i)

= 


 

2

n2n2

n2

dx
)x2(cos)x2(sin

)x2(sin)x2(

= 


 

2

n2n2

n2

dx
xcosxsin

sin)xp2(
....(ii)

Adding Eqs. (i) and (ii), then

2 I = 2 





2
)2(2dx.1

 I = 22 – 2  (R, S, T)

Q.24 (A)  (q), (B)  (r), (C)  (p), (D)  (s)

(A) 




2/

0

)xcotx(tann dx

= 



2/

0

)xcos·x(sinn dx

= – 
 2/

0

dxxsinn – 
 2/

0

dxxcosn

= – 2 






 
 2n

2
 =  n 2

(B)  = 





2/

0

2)xcosx(sin

xcosxsin
dx

= 

























































2/

0
2

x
2

cosx
2

sin

x
2

cosx
2

sin

dx

= 




2/

0
2)xcosx(sin

xsinxcos
dx = – 

  = 0

(C)  = 
2

0

22 dxxcosxsinx

= 



2

0

22 dxxcosxsin)x2(

 =  
2

0

22 dxxcosxsin
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Definite Integration

=
4

 dxxcosxsin4 22
2

0



=
4


 dxx2sin2

2

0



=
8


)x4cos1(

2

0




dx =
8














2

0
4

x4sin
x

=
8


(2) =

4

2

(D) 



2/

0

)xcosnxsinn2nxsinn2( 

dx

= – 
 2/

0

dx2n = –
2


n 2

NUMERICALVALUE BASED

Q.1 [61]
Note that (x + 1)3 – (x – 1)3 = 2(3x2 + 1)

Hence  =
1

2

 
34 3

3 3

2

x 1 (x 1)
dx

(x 1) (x 1)

   
 
  
 


=
1

2

4 4

3 3

2 2

dx dx

(x 1) (x 1)

 
 
   
 

=
1

2

4

2 2
2

1 1

2(x 1) 2(x 1)

 
 

  

=
1 1 1

1
25 9 9

    
      

    
=

46

225

Q.2 [64]

U =

/ 2
/ 2

/ 6

/ 6

1
cos xdx sin x

2








 

V =


         
1 5

2 2

3 1

1
( x )dx x dx (1 27) (125 1)

3

   
1

[ 28 124] 32
3

 V=U  =64

Q.3 [10]

100 10 100

1 1 10

f(x) f(x) f(x)
dx dx dx 5

x x x
    

1

2

10

100
f

100dtt
.t

100 t

 
      

  (substituting x =
100

t
)

= 5 +

10

t

100 dt
f .

t t

 
 
  =

10

1

f(t)
5 dt

t
  = 10

Q.4 [29]
1002 10032 2 2 2

2 2

0 1002
1

2

0

1003 x 1002 x
2005 1003 x dx

2005

1 x dx

  
 



 


1003 1002

2 2 2 2

0 0
1

2

0

1003 x dx 1002 x dx

1 x dx

  





 



2 2(1003 1002 )
4

2005

4

 
  

  
 

 
 

Hence 22 + 52 = 29

Q.5 [4]

 =

/ 2

0

sin2 cos d



   ;  =

/ 2

0

sin2 sin d



  
(By property)
Let sin – cos = t ; 2

=

1 1

2 2

1 0

1 t 2 1 t dt



    ;  =

1

2

0

1 t dt
4


 

Q.6 [4]
Substitute x = tan in 

2
.


2
=

/ 4

2

0

d

(1 tan )





 

/ 4

2

0

d

1 tan
4




  
    

  



b b

a a

f(x)dx f(a b x)dx
 
   
 
 
 

=

/ 4 2

0

(1 tan )
d

4


 

 
2
= 



Q.7 [2]

 = 
2 2

1

t t t t

f (t) f '(t)0

e t.e (2t 1)dt    =
2 1

t t 2

0
t.e e 
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Q.8 [2]

Let  =

0 x

x

1

xe
dx

(x 1)e 1






  substituting 1 + (x + 1)e–x

= t  –xe–x dx = dt

= –

2

1

dt
n2

t
  

Q.9 [0]

I = 
a

0

dx)x(h)x(g)x(f

I =  

a

0

dx)xa(h)xa(g)xa(f

= 




a

0

dx
4

5)x(h3
))x(g(.)x(f

I = –
4

3
 

a

0

a

0

dx)x(g)x(f
4

5
)x(h)x(g)x(f

I = –
4

3
I + 0

4

7
I = 0

4

7
I = 0  I = 0

 f(x) g(x) dx =0

I
1

= 
a

0

dx)x(g)x(f ......(i)

I
1

=  

a

0

dx)xa(g)xa(f

I
1

=  

a

0

dx))x(g()x(f ......(ii)

(i) + (ii) 2I
1

= 0  I
1

= 0

Q.10 [2]

 = 




00

dx
x

xsin
dx)x(f ... (i)

 = 




0

dx)x–(f = 






0

dx
x

)xsin(

= 



0

dx
x–

xsin
... (ii)

(i) + (ii)

 2 = dx
x

xsin

x

xsin

0














 =
2

 



0

dx
)x(x

xsin
... (iii)

Now
2


dxx–

2
f)x(f

2

0












 

=
2


dx

x–
2

x
2

sin

x
x

xsin
2

0


















=
2


dx

x–
2

xcos
·

x

xsin
2

0




 =
4


· 










 

2/

0

dx

x–
2

x

x2sin

= 









 



0

dt

2

t
–

22

t

tsin

8
, where t = 2x ... (iv)

(iii) + (iv)


2


dxx–

2
f)x(f

0










 
= 



0

dx)x(f

Q.11 [8]
Let

 =

/ 2 2 2 2 2 2 2

2 2 4 2 4 2

0

6 (a b )(a sin x b cos x)
dx

a b a sin x b cos x


 

 

=

/ 2 4 2 4 2 2 2

4 2 4 2

0

6 a cos x b cos x a b
.4 dx

3 a sin x b cos x


  
    


=

/ 2 / 22 2 2

4 2 4 2

0 0

8 8a b sec x
dx dx

a sin x b cos

 


    

= 
2

2

b
4 8

a

 

 

       


/2/2 2 2 2 2 1
1

2 2 2 2 2 2

0 0

sec xdx 8b a a tan x
4 . . tan

tan x (b / a ) a b b

= 4 + 4 = 8



105

Definite Integration

Q.12 [16]

I =

2

0

| sin(x ) | dx



  , where tan =
1

15

=

2

4 | sin | dt




 (substituting x +  = t)

=

a T T

a 0

f(x)dx f(x)dx if f(x T) f(x)

 
   
 
 
  = 16

Q.13 [25]

Let  =

3 a

a

x
| x a | sin dx

2





 
    

 

Let x – a –  = t

=

2

2

t a
| t | sin dt

2 2



 

  
 

 

=

2

2

a t
| t | cos dt

2



 

 
 
 

=

2

2

a t a t
t cos cos dt

2 2



 

     
    

    


=

2

2

a t
t 2cos cos dt

2 2



 

 
 
  =

2

0

a t
2cos cos dt

2 2


   
   
   

Let
t

2
= y

0

a
8cos ycos y dy

2


 
 
  

=  
0

a
8cos y siny cos y

2

 
 

 
=

a
16cos

2

 
  

 

Now  = –16 cos
a

2

 
 
 

= 1 a = 4k, k

Hence number of value of 'a' is 25.

Q.14 [4]

1 1

2 4 6 8 10

2

0 0

dx
(1 x x x x x .........)dx

1 x
      

 


3 5 7 91 11

00

x x x x
tan x x .......

3 5 7 9
     


1 1 1 1

1 .......
4 3 5 7 9


    

Q.15 [65]

f(x) = x +

1

0

t(x t) f(t)dt ; f(x)

=x+x

1 1

2

0 0

t f (t)dt t f (t)dt 

Let

1

0

t f (t)dt a &

1

2

0

t f (t)dt b

Hence f(x) = (a + 1)x + b

so a =

1

0

a 1 b
t {(a 1) t b}dt

3 2


   

 4a – 3b = 2 .......(1)

& b =

1

2

0

a 1 b
t {(a 1)t b}dt

4 3


   

 8b – 3a = 3 .......(2)

from (1) & (2) a =
25

23
& b =

18

23

so

1 1

0 0

6 6 42
f (t)dt (8t 3)dt .7

23 23 23
    

 p + q = 65

KVPY

PREVIOUS YEAR’S

Q.1 (B)

8

2

f (x) dx = 2 + 3 + 2 + 5 + 3 + 7 = 22

Q.2 (B)

I = 2012

1 cos x

cos x cos x

0

e
dx

e e



  

using king property I = 2012

1 cos x

cos x cos x

0

e
dx

e e

 

  

 2I = 2012 I = 1006

Q.3 (D)

n n

2 2 2n n
r 1 r 1

1 1 1
lim lim

n4n r 4 (r / n) 
 


 

 

11
1

2
0 0

dx x
sin

2 64 x
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Q.4 (B)

f ' (x) = 3
2 2 1

x x
3 3

 
  

 
= 3x2 – 2x –1

f (x) = x3 – x2 – x –
f (B) = 8 – 4 – 2 +  = 0 = –2
f (x) = x3 – x2 – x – 2

1

1

f (x)dx 2


 
1

2

0

(x 2)dx 2  
1 14

2
3 3

 
  

 

Q.5 (A)

In =

1/2 n

0

x
dx

n! +
 

n1

1/2

1 x
dx

n!




=  
1

n 1 !  

n

n 1 n 1

1

1 1 2

2 2 n 1 !

 
 
                  

 
2

n
n 1

1/ 21/ 2
I .... 2 e 3

2! 3!





 
     
 
 



Q.6 (D)

 
/2

2
1

0

I sin x .sin x dx


 

 
/ 2

2 1
2

0

I sin x dx



 

  
/ 2

2
1

0

I sin x sin x dx


  –

 
/2

2 1

0

2(sin x) cos x sin x dx



 

=  
/2/2

2 2 1 2

0
0

cos x(sin x) 2 (sin x) (1 sin x)dx


  

1

2

I 2 ( 2 1)
2 2

I 1 2 ( 2 1)


   

 

Q.7 (D)

2012
3 5

2012

(sin(x) x 1)dx


 

=

2012
3

2012

(sin(x )dx

 +

2012 2012
5

2012 2012

x dx dx 4024
 

  

Q.8 (B)

  
5

0

x x dx =     
5

0

x x x dx 
1

0

0.dx 
2

1

1.(x 1)dx 

3 4 5

2 3 4

2(x 2)dx 3(x 3)dx 4(x 4)dx      

   
4 52 3 2 22 2

1 2 3 4

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

2 2 2 2

         
                       

1 2 3 4

2 2 2 2
    = 5

Q.9 (C)

2

x

cos x
I dx.................(1)

1 a








b b

a a

f (x)dx f (a b x)dx   

2

x

cos ( x)
I dx

1 a












x 2

x

a cos x
I dx......................(2)

1 a








add equation (A) and (B)

x
2

x x

1 a
2I cos x dx

1 a 1 a





 
     


/2
2 2

0 0

I cos xdx 2 cos xdx
 

  

=  / 2

Q.10 (B)

3 3 3L 2012 2013 .... 3011    ................(A)

3 3 3R 2013 2014 .... 3012    ...............(B)

3012
1/3

2012

I x dx  Let f (x) = x1/3

b a 3012 2012
n 1000

h 1

 
  

 b a
I

n


 [f (a) + f(a + h) + f(a + 2h) + ...+ f(a + (b–1)h]

=[f(2010) + f (2013) +.....+f(3011)]
I = (2012)1/3 + (2013)1/3 +.........+ (3011)1/3

2I = 2(2012)1/3 + 2(2013)1/3 + ...+)2(3011)1/3

= (2012)1/3 + (2012)1/3 + 2(2013)1/3 + .....+ (B)
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(3011)1/3 + (3012)1/3 – (3012)1/3

= (2012)1/3 + L + R – (3012)1/3

2I < L + R

Q.11 (A)
Let r be an integer in (–10, 10)

Now, LHL=
 

x
t

x r
10

lim 2 dt




=
     

9 8 r h
t t t

h 0
10 9 r 1

lim 2 dt 2 dt ...... 2 dt


  


  

 
   

 
  

=
10 9 r 1

h 0
lim 2 2 ..... 2 (1 h)  


     

= 2–10+ 2 –9 +.....+2r–1 ...(A)

 
x

t

x r
10

lim 2 dt




=
     

2

9 8 r h
t t t

h 0
9 r10

lim 2 dt 2 dt ...... 2 dt


  




 
   

  
  

= 2–10 + 2–9 + ......+2r–1 ...(B)

f (r) =
 

r
t

10

2 dt



= 2–10 + 2–9 + ......+ 2r–1 ....(C)
From (A), (B) and (C)
f(x) is continous at all integers.

Q.12 (C)

n 1 2 3 n 1[x] [x] [x] [x]

1 1 2 1

{x} {x} {x} {x}
dx dx dx ... dx

[x] [x] [x] [x]

 

      

r 1 [x]n

r 1 r

{x}
dx

[x]





 

r 1 rn

r 1 r

(x r)
dx

r






 

r 1r 1n

r 1 r

(x r)

r(r 1)





 
   


n

r 1

1 n

r(r 1) n 1

 
 



Q.13 (D)

  
n r 1n 1

r 11 r

r r dx r(x r)dx




  

r 12n 1

r 1 r

x
r rx

2






 
 

 


2 2n 1

r 1

(r 1) r
r r.1

2





  
 

 


n 1

r 1

1 1 n(n 1)
r

2 2 2





 
  



n(n 1)
2013

4




n(n – 1) > 4 × 2013

2
1 2013 16 1

n
2 4

  
  

 

n >
32209 1

2 2


least n = 91

Q.14 (B)

  
1

2

0

A(t) sin t x (2cos t)x sin t dx  

sin t 4
A(t) cos t sin t sin t cos t

3 3
    

4cos t
A (t) sin t

3
  

St. I and IV are false
Ans. (B)

Q.15 (D)

 f x 0

 
1

2

0

f x dx 100 not necessarily true.

because (f(x))2 can take very high values then area
bounded by (f(x))2, x-axis & x = 0 to 1 may cross 100.

Q.16 (C)

   
x

0

f x x f t dt  

       f ' x 1 f x f ' x f x 1    

   x x xe f ' x f x e e    

  x xd
(f x e ) e

dx
  

 
x

x e
f x e c

1


  



  xf x 1 ce   

  of 0 0 1 ce c 1     

  xf x e 1 

          x y x yf x f y f x f y e 1 e 1 e 1 e 1        
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x y x y y y xe 1 e 1 e .e e e e 1        

x y x ye .e 1 e 1   
= f (x + y)

Q.17 (A)

/2
n

n I II0

I x cos x dx


 

/2
/2 n 1

n 0 0
x sin x nx sin x dx


  

     
n

/2
n 1 /2 n 2

0 0
O (nx cos x n n 1 x cos x dx

2


   

       
 



 
n

/2
n 2

0
0 n n 1 x cos x dx

2


 

    
 



 
n

n n 2I n n 1 I
2



 
   
 

 

n

n 2
n n 2 n 2

n 2 n 2

n(n 1)I
I I I2

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

 
 

 

  
                 

 

 

n

n 2

1

2 n!





  
      


2 3 4
1 1 1

.....
2 2! 2 3! 2 4!

       
        
     

/2e 1
2

  
   

 

Q.18 (B)

 
n

1

Let I x x dx   

I x 4 x 1

4 x 9 x 2

9 x 16 x 3

    
    
    

2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10

I dx 2dx 3dx 8dx 10dx 12dx 14dx 16dx 27dx 30dx.....                  

I = 1 + 2 + 3 + 8 + 10 + 12 +14 +16 = 66
So n = 9

Q.19 (B)

  
n

0

cos(2 x x ) dx

1 2 3

0 1 2

cos(0)dx cos(2 (x 1))dx cos(4 (x 2))dx       

n

n 1

........ cos(2 (n 1)(x (n 1)))dx


      

 
2 2

1 2

1 0 cos 2 x dx cos 4 x dx      

n

n 1

...... cos (2 (n 1) )x dx


    

 
 

n32 sin 2 n 1 xsin 2 x sin 4 x
1 ......

2 4 2 n 11 2 n 1

  
    

    

= 1 + 0 = 1

Q.20 (D)
f (x)= [x]sinx

–3 –2
–1

0 1 2 3

1

2

–2

Not diff for  x R.

Not sym about x = 0.

 
3

3

f x dx 0




f(x) =will have  soln

Q.21 (D)
f(x) =max{|x|, |x – 1|, .... ,|x – 2n|}

x n
f(x)=|x|

 x < n
|x – 2n|

     
2n n 2n

0 0 n
f x dx f x dx f x dx   
n 2n

0 n
x 2n dx x dx   

=  
n 2n

0 n
2n x dx x.dx  

n 2n2 2

0 n

x x
2nx

2 2

   
     
   

2 2 2
2 n 4n n

2n
2 2 2

   
         

2 2
23n 3n

3n
2 2
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Q.22 (D)
Let P(x) = ax3 + bx2 + cx + d
a + b + c + d = 3
d = 2
– a + b – c + d = 4
2b + 2d = 7
2b + 4 = 7
2b = 3

3
b

2


 
1

3 2

1

ax bx cx d dx


  

 
1

2

0

2 bx d dx

13

0

x
2 b dx

3

 
  

 

b
2 d

3

 
   

1
2 2 5

2

 
    

Q.23 (A)

  t

0

f x e x t dt


 

   
x

t t

0 x

f x e x t dt e t x dt


     

       

 

x

x 0 t

0

x t

x

f x e x x e x 0 .0 e 1 dt

0 e x x .1 e dt

  



 

    

    





xt t

0 x
e e

         
x xe 1 0 e     

  xf x 1 2e 

dy = 1 – 2e–x dx
y = x + 2e–x + c
f(x) = x + 2e–x + c

  t

0

f 0 e t dt


 

 t t

0
0

e t e dt



      

t

0
0 e

   

= 0 + 1

f(0) = 1
f(0) = 1 = 0 + 2e–0 + c
c = –1
f(x) = x + 2e–x – 1

Q.24 (B)

 
x

2

0
f (x) t f t dt x 0  

   f x xf x 2x 0   

 
 
f x

x
f x 2


 



 
  
f x

dx xdx
f x 2


 

 

 
2x

n f (x) 2 c
2

   

 
2x /2f x 2 e c  

 
2x /2f x k e 2 

where x = 0, f(x) = 0, k = 2
2x /2f (x) 2(e 1) 

clearly
x
lim f (x) 2


 

Q.25 (A)

 a b

y=c

b
3

a
(2x 4x )dx 2(b a)c  
2 4 b

a(x x ) 2(b a)c  

(a + b) (1– (a2 + b2)) = 2c
(a + b) (1 – (a + b)2 + 2ab) = 2c
.....(A)
again 2x – 4x3 = c

4x3 – 2x + c = 0

a

b



a + b + clearly a + b

ab + (a + b)
1

2


2 1
ab

2
   ....(C)

ab
c

4
  c = –4

2 1

2

 
    ....(D)

put value of (a + b), ab, c fromeq. (B), (C), (D) in equation
(A) and solve it
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2 2 21 1
1 2 8

2 2

    
                

1 – 2 + 22 – 1 = 82 – 4
2 = 82 – 4
72 = 4

2

7
 

Q.26 (A)
f(x) is always positive for x  [0, 1]

 
1 1

2 2

0 0

f x x f (x)dx x   

1
I

3


But it is given
1

I
3

 which is not possible

Q.27 (D)
By Cauchy Schwarz inequality

        
2b b b2 2

a a a
f x g x dx f (x) dx g(x) dx  

Here g (x) = 1

and equality holds only when
 
 

f x

g x
 

So, f (x) is constant

Q.28 (C)

y = f (x)

1
2

1
2

y = f (x)

     
n 1 n

0 0 0

3 n
g x dx n g x dx n f x dx

4 4
    

Q.29 (C)
Given integral can be distributed into

1 / 3 3 2
2

21 / 2 1 / 3 3

1 14
.dx 3dx x .dx

3x
    

Q.30 (C)

0
I 1 | sin8x |dx



 

=
0

(x | sin8x |)dx




 
8

8.

0
x | sin8x | dx  

8

0
xsin8x   dx

8cos8x
8

8



 
    

P + (–1–) =  – 2

Q.31 (A)

x8 < x4 as x (0, 1)

 8 4

x x

1 x 1 x


 
J >

1

4

0

x dx

1 x

 J >

1 1 1

4 2

0 0

1 2x dx 1 dt tan 1

2 2 2 81 x 1 t

 
  

    J >

8



Also x8 < 1  1 + x8 < 2  8

x x

21 x




 J >

1

0

x 1
dx

2 4


Q.32 (A)

p'(x) = g'(x) =
2


= f(x) –

2


= |sin x| –

2



 p(x) is not one-one

p(x + ) = g(x + ) –
2


(x + )

=

x

0

2x
| sin t | dt 2



 


=

x

0

2x 2x
| sin t | dt g(x) p(x)   
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Q.33 (A)

f(x) =

x

0

2 tf (t)dt 1

 f '(x)=2xf(x) 
f '(x)

f (x)
= 2x

 nf(x) = x2 + c f(x) =
2xKe

f(0) = 1  f(x) =
2xe  f(1) = e

Q.34 (B)

I =

/ 2 2 2

x – x

0

sin x sin x
dx

1 e 1 e

  
 

  


=

/ 2
2

0

1
sin xdx

2 2 4


 

  

Q.35 (C)

Since,

n n n

2 2 2
k 0 k 0 k 0

1 1 1

n n n k n 0  

 
  

  

 n2 2n n n

n n
lim limS lim

n n n  
 



 1 
n
lim


S
n
 1


n
lim


S
n
 1

Q.36 (B)

f (x) is an increasing function.

so,
1

f (x) 1,
sin1

 
  

x [0, 1)

Now,
1/ n 1/ n 1/ n

– nx – nx – nx

0 0 0

n
n e dx n f (x)e dx e dx

sin1
   


n

n n

1 1
1– 1–

e elim lim I
n (sin1) n 


 n
n

0 lim I 0


 

 n
n
lim I 0




Q.37 (B)

3
4 3 2019

1

((x – 2) sin (x – 2) (x – 2) 1)dx 

x – 2 = t  dx = dt

1 1
4 3 2019 1

–1

–1 –1

(t sin t t 1)dt dt t] 2     

Q.38 (C)

  2n2n

n 2n 2n 2n 2n

0

x sin x1 x sin x
I dx

2 sin x cos x sin x cos x

   
     


2n

2n 2n

0

sin xdx

2 sin x cos x







/ 2 2n

2n 2n

0

sin xdx
2

2 sin x cos x




 


/ 2 2n 2n

2n 2n

0

sin x cos x
dx

2 sin x cos x


 




2

2 2 4

  
  

m nI I m, n  

Q.39 (B)

 22 1

21

2

x 1

1 1
x x x x

x x

 

 
  

 

 dx

2 1
2

2
1

1
1

x dx
1 1

x x 2
x x

 


   
     

   



Let =
1

Let x 2 sec
x

  

2

1
1 dx 2 sec tan d

x

 
     

 

/ 3

/ 4

2 sec tan d

2 sec 2 tan





  

 


12 2
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JEE-MAIN

PREVIOUS YEAR’S

Q.1 (2)

I =

0
2

1

x

 .e–1 dx +

1
2

0

x dx

 I =

103 3

1 0

x x

3e 3



 I =
1

3e
+

1

3

Q.2 (2)

Let limit be L

2

n

1 1 1
1 ...

2 3 n
n

lim kSo L e e (say)

 
    

 
  
  

Now assume n = 2p +A,  {0, 1, 2, ….., 2p – 1}

Now assume 1 +
1 1

2 3

 
 

 
+

1 1 1 1

4 5 6 7

 
   

 
+...+

p 1 p 1 p

1 1 1
...

s 2 1 s 1 

 
   

  

+ p p p

1 1 1
...

s 2 1 s

 
   

   
= S

So S < 1 +
1 1

2 2

 
 

 
+

1 1 1 1

4 4 4 4

 
   

 
+

…. +
p p p

( 1)times

1 1 1
....

2 2 2



 
   

 

 S <
p times

1
1 1 1......

2p


   < p + 1

Hence k 
n
lim
 p

p 1

2


= 0

Also S >

n times

1 1 1 1
.....

n n n n

 
    

 

= 1

Hence k 
n
lim


1

n
= 0

So L = 1

Q.3 (1)

1 =

n 1

2n
r 0

n
lim

(n r)




 


 L =
n 1

2n
r 0

1 1
lim

n r r
2 1

n n




    

    
   



 L =

11

2
0 0

dx 1

x 1(x 1)






L =
1

2
+ 1 =

1

2

Q.4 (3)

In =

/2
n

/4

(cot x) x dx





In + In+2 =

/2
n n 2

/4

((cot x) (cot x) ) dx








=

/2
n 2

/4

(cot x) cosec x dx





cot x = t

= –

0
n

1

t dx =

1
n

0

t dx =

1n 1

0

t

n 1



 =
1

n 1

 In + In+2 =
1

n 1

 I2 + I4 =
1

3

I3 + I5 =
1

4

I4 + I6 =
1

5

 I2 + I4, I3 + I5, I4 + I6 are in H.P.

Q.5 [6.33]

I =

2

0

(x 2)(x 1) ( x 2)( x 1) dx      

=

2
2

2

| (( x x 2) (x 2) | x 1 ||)dx
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=

2
3 2

0

x x
2x

3 2

 
   
 

+

1 2
2

0 1

(x 2)( x 1)dx (x x 2)dx      

=
8

2 4
3

 
   
 

+

11 3 2
2

0 0

x x
( x x 2) dx 2x

3 2

 
      

 


=
10

3
+

2
3 2

1

x x
2x

3 2

 
   
 

+
8

2 4
3

 
  

 
–

1 1
2

3 2

 
  

 

=
10

3
+

1 1
2

3 2

 
   
 

+
2 7

3 6
 =

19

3

Q.6 (2)

f’(x) = f’(2 – x)

On integrating both side f(x) = –f(2 – x) + c

put x = 0

f(0) + f(2) = c c = 1 + e2

 f(x) + f(2 – x) = 1 + e2 ……(i)

I =
2

0

f (x) dx =
1

0

{f (x) f (2 x)}  dx = (1 + e2)

Q.7 (3)

I =

3 3
2

1 1

3dx [(x 1) ]dx    x – 1 = t; dx = dt

I = (–6) +

2
2

0

[t ]dt

I =

1 2 3 2

0 1 2 3

0dt 1 dt 2 dt 3 dt     

I = –6 +  2 1 + 2 3 – 2 2 + 6 – 3 3

I = –1 – 2 – 3

Q.8 (1)

Given f(x) f"(x) – (f'(x))2 = 0

Let h (x) =
f (x)

f '(x)

 h'(x) = 0  h (x) = k


f (x)

f '(x)
= k f’(x) = k f '(x)

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

2

New f(x) =
1

2
f'(x)  2dx =

f '(x)

f (x) dx

 2x = ln |f(x)| + C

As f(0) = 1C = 0

 2x = ln |f(x)| f(x) = ±e2x

As f(0) = 1 f(x) = e2x  f(1) = e2

Q.9 (1)

I =

/2 2 2

x x
0

cos x cos x

1 3 1 3





 
 

  
 dx

=

/2 2 x 2

x x
0

cos x 3 cos x

1 3 1 3

  
 

  
 dx=

/2
2

0

cos


 xdx

=
1

2

/2

0

(1 cos2x)


 dx =
1

2

/2

0

1
x sin 2x

2


 

 
 

=
1

2
=

4



Q.10 (1)

nn 100
{x}

n 1 n 1

e


 

  dx

=100

1
x

0

e =100(e– 1)

Q.11 [2]

0

|


 sin2x |dx

Heref(2a– x)=f(x)

=2

/2

0

(sin 2x)dx




= 2

/2

0

cos 2x

2


 
 
 

= 2

Q.12 (1)

 
1

n 1m 1
m,n

0

I x . 1 x dx
  put

1
x

y 1
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0 n 1 n 1

m,n m n m n

0

y y
I 1 dy dy

y 1 y 1

 

 



  
   .....(i)

Similarly  
1

m 1n 1
m,n

0

I x . 1 x dx
 


 

m 1

m,n m n

0

y
I dy

y 1

 




 ....(ii)

From (i) & (ii)

 m,n

m 1 n 1

I m n

0

y y
2 dy

y 1

  









   m,n

1 m 1 n 1 m 1 n 1

I m n m n

0 1

y y y y
2 dy dy

y 1 y 1

   

 

 
 

 
 

Put
1

y
z




   m,n

1 m 1 n 1 m 1 n 1

I m n m n

0 1

y y z z
2 dy dz

y 1 z 1

   

 

 
 

 
 


 

1 m 1 n 1

m,n m 1

0

y y
I dy 1

y 1

 




   




Q.13 (4)

 
e 1/e

1 2

1 1

1 nt nt
f e f dt dt I I

e 1 t 1 t

 
     

    
 

1/e

2

1

nt
I dt

1 t





put
2

1 dz
t dt

z z
  

 

e e

2

1 1

nz dz nz
dz

1 z z 1z1
z

 
    

 
 

 

 
   

e e e

1 1 1

1 nt nt nt nt
f e f dt dt dt

e 1 t t t 1 1 t t t 1

 
     

       
   

1e 1 2

01 0

nt u 1
dt u du

t 2 2
    


Q.14 (4)
f(x) = ex.f (x) + ex


 

 
xf x

e
f x 1




     xn f x 1 e c  

put x=0

n 2 1 c 

    xn f x 1 e n2 1    

 f(x)+1=2.
xe 1e 

  
xe 1f x 2e 1 

Q.15 [3]

0

a

( 2x 2)


  dx
2

0

( 2x 2 x)   dx +
a

2

( 2x 2)  dx =

22

x2 – 2x
aa 2 a

0 2
2

2x x 2x |    = 22

a2 + 2a + 4 + a2 – 2a – (4 – 4) = 22

2a2 = 18  a = 3

3

3

(x [x])


 dx = – 3 – 2 – 1 + 1 + 2 = – 3

Q.16 (2)

x 0
lim



2x

0
3

sin t dt

x


=

x 0
lim

 2

(sin | x | 2x)

3x

=
x 0
lim



sin x

x

 
 
 


2

3
=

2

3

Q.17 [1]

E = 2

E = 2 .....(i)

replacing x 1  x

E = dx

E = dx

E = dx

E =

 
 

 
 


1

0

2 2
n

xn2
1 tan

4


 dx
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E =  dx .....(ii)

equation (i) + (ii)
E = 1

Q.18 [16]

(x) + (x + 1) = 2

 (x) is periodic with period = 2

I
1
=

=

Similarly I
2
= 2  2 = 4

I
1
+I

2
= 16

Q.19 (3)

  
10

[x] x 1

0

I [x] e

            
1 2 3 10

2 x 3 x 10 x

0 1 2 9

I 0dx 1 e 2 e ..... 9 e dx




 



  
n 19

n 1 x

n 0 n

I n e dx

=
 




9 n 1n 1 x

n
n 0

n e

=


  
9

0 1

n 0

n (e e )

=


 
9

n 0

(e 1) n

=


 
9 10

(e 1)
2

= 45(e _ 1)

Q.20 (3)


1

0

(x + bx + c) dx = 1

  
1 b

c 1
3 2

  
b 2

c
2 3

3b 6c 4 ...(1)
P(2) = 5
4 + 2b + c = 5
2b + c = 1 ...(2)
From (1) & (2)

b =
2

9
& c =

5

9
9(b + c) = 7

Q.21 

g() =

/3

6

sin x

(sin x cos x)

 

 
  .....(i)

g() =

/3

6

cos x

(sin x cos x)

 

 
  .....(ii)

(1) + (2)

2g () = 6


g() = 12


Constant and even function
Due to typing mistake it must be bonus.

Q.22 [1]

I =



 
/2

2

0

[x ] [ cosx] dx

=

 

    
1 /2 /2

0 1 0

0 dx dx ( 1)dx

=


2
– 1 –



2
= –1

 | I | = 1

Q.23 (2)
f(x)=exsinx

Now, F(x)=

x

0
 f(t)dt F'(x) = f(x)

I =
xF (x) f(x) e dx  = xf(x) f(x) ·e dx

=

1
x

0

2 f(x) ·e dx =
1

x x

0

2 e sin x ·e dx



=

1

0

2 sin x dx

=

1

0

2 sin x dx

I =
1 1 1 1

2 1 1 .........
2 4 6 8
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I =
2 2 2

1 ......
4 6 9

   

2 2 2
1 I 1

4 4 6
    

11 331
I

12 360
 


11 331

I ,
12 360

 
   


330 331

I ,
360 360

 
   

Ans. (2)

Q.24 

Let I =

10

x [x]
0

[sin 2 x]
dx

e 


 =

10

{x}
0

[sin 2 x]
dx

e




Function f(x) = {x}e

sin 2 x
is periodic with

period '1'
Therefore

I = 10

1

{x}
0

[sin 2 x]
dx

e




= 10

1

x
0

[sin 2 x]
dx

e




= 10

1/2 1

x x
0 1/2

[sin 2 x] [sin 2 x]
dx dx

e e

  
  

 
 

= 10

1

x

1/2

( 1)
0 dx

e

 
  

 


=

1
x

1/2

10 e dx 

= 10 1 1/2e e 
Now,
10 · e1 10 · e1/2 = e1 e1/2 given)
= 10, = –10, = 0
= 0

Q.25 
e

n19
n

1

I x log x dx

  
e20 20

19 n 1
n

1

x 1 x
I log x n(log x ) . . dx

20 x 20

20I
n

= e20 – nI
n–1

20I
10

= e20 – 10I
9

20I
9

= e20 – 9I
8

20I
10

= 10I
9

+ 9I
8

= 10, = 9

Q.26 [512]

{Even funtion}

   
4

3

0

2 4x g 4 x dx

 
   
 
 


4 44

00

4x
2 g 4 x dx

4

= 2(256 _ 0) = 512

Q.27 (3)

1

3
 ƒt t

0  ƒt
1

2 t

Now,

3 1 3

0 0 1

g 3 ƒ t dt ƒ t dt ƒ t dt

  
1 1 1

0 0 0

1
dt ƒ t dt 1. dt

3


   
3 3 3

1 1 1

1
and 0 dt ƒ 1 dt dt

2


Adding, we get

     
1 1

0 g 3 1 3 1
3 2

 
1

g 3 2
3

Q.28 (1)

Q.29 (3)

Q.30 (2)

Q.31 (4)

Q.32 (2)

Q.33 [1]

Q.34 [16]

Q.35 (3)
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Q.36 [5]

Q.37 (2)

Q.38 [2]

Q.39 (1)

Q.40 (4)

Q.41 (2)

Q.42 (2)

2sec x

2
2π

x 2
4

π
f(x)dx

4
lim

π
x –

16





2

π
x

4

f(sec x).2secx.secxtanxπ
lim .

4 2x

  

2 3

π
x

4

π sinx
lim f(sec x).sec x.

4 x

 
3π 1 4

f(2). 2 . ×
4 π2

2f(2)

Q.43 (4)

Q.44 (2)

Q.45 (4)

Q.46 [5]

Q.47 [4]

Q.48 (2)

Q.49 (3)

Q.50 (2)

Q.51 (2)

Q.52 (1)

Q.53 (1)

JEE-ADVANCED
PREVIOUS YEAR’S

Q.1 (A)

Put x2 =t

x dx =
2

dt

 I =  

3n

2n
)t6n(sintsin

tsin



 .

2

dt
......(1)

apply 
b

a
dx)x(f =  

b

a
dx)xba(f

I =
2

1
 


3n

2n
tsin)t6nsin(

)t6nsin(






dt .......(2)

adding (1) and (2)

2I =
2

1 
3n

2n

dt.1





 I =
2

3
n

4

1


Q.2 (B)




























2/

2/–

2

x–

x
nx  cosx dx = 





2/

0

2 0xdxcosx2





















functionoddanis

x–

x
n

=  


















2/

0

2/

0
2 dxxsinx2–xsinx2

= 














 
2/

0

2

dxxsinx4–0–
4

2

=  




















dxxcosxcosx–4–

2

2/

0

2/
0

2

= 4–
2

2

Comprehension # 2 (Q. No.3 & 4)

Q.3 (B)
f(x) = (1 – x)2 sin2 x + x2 : xR

g(x) =  










x

1

tln–
1t

)1–t(2
f(t)dt



118

Definite Integration

 g(x) = 









xln–

1x

)1–x(2
f(x) . 1

let xln–
1x

)1–x(2
)x(




2)1x(

]1).1–x(–)1x[(2
)x(




 –

x

1

= x

1
–

)1x(

4
2

= 2

2

2

2

)1x(x

)1–x(

)1x(x

1–x2x–










(x)0
 for x(1,),(x) < 0

g(x) < 0 for x(1,)

Q.4 (C)

f(x) + 2x = (1 – x)2 sin2 x + x2 + 2x
 f(x) + 2x = 2 (1 + x2)
 (1 – x)2 sin2x + x2 +2x = 2 + 2x2

(1 – x)2 sin2x = x2 – 2x + 1 + 1
= (1 – x)2 + 1
 (1 – x)2 cos2x = – 1

which can never be possible
P is not true

Let H(x) = 2f(x) + 1 – 2x(1 + x)
H(0) = 2f(0) + 1 – 0 = 1
H(1) = 2f(1) + 1 – 4 = – 3

so H(x) has a solution
so Q is true

Q.5 (ABCD)

f(x) = 
x

0

t dt)3–t)(2–t(·e
2

f(x) = 1 · 2xe · (x – 2) (x – 3)

(i) x = 2 is local maxima
(ii) x = 3 is local minima

(iii) It is decreasing in x (2, 3)

(iv) f (x) =
2xe · (x – 2) +

2xe (x – 3) + 2x
2xe (x – 2) (x

– 3)

=
2xe · [x – 2 + x – 3 + 2x(x – 2)(x – 3)]

f(x) = 0

f(x) = 2xe (2x3 – 10x2 + 14x – 5)

f(0) < 0 and f(1) > 0
so f(c) = 0 where c  (0, 1)

Q.6 (D)

f(x) – 2f(x) < 0

dx

d
(e–2x f(x)) < 0

 e–2x f(x) is decreasing
 x > 1/2

e–2x f(x) < 1/e
 f(x) < e2x–1

 0 <   

1

2/1

1–x2

1

2/1

dxedx)x(f

 0 < 2

1–e
dx)x(f

1

2/1



Q.7 (B)

 nnan2)1n(

r2

221–a

a







 nnan2)n/11(

n

r
2

221–a

an

1r












 

1a2

dxx2

1

0

a





60

1

)1a)(1a2(

2




120 = (2a + 1) (a + 1)
a = 7,–17/2 (–17/2 reject)

Q.8 (AC)
It may be discontinuous at x = a or x = b

–x a
lim


g(x) = 0

x a
lim


g(x) =

x

x a
a

lim f(t)dt
  =

a

a

f(t)dt = 0

g(a) =

a

a

f(t)dt = 0

Similarly at x = b we will get continuous

So g(x) is continuous  xR

g(x) =

0 x a

f(x) a x b

0 x b




 
 

g(a–) = 0 g(b–) = f(b)
g(a+) = f(a) g(b+) = 0



119

Definite Integration

Since f(x) co-domain is [1, ) f(a) & f(b) can never
be zero.
Hence it is non derivable at x = a & x = b.

Q.9 (ACD)

f(x) =

1x t
t

1/ x

dt
e

t

 
  
 

f'(x) =




















 x

1
x

2

x

1
x

e
x

x

x

e

f'(x) =
x

e2 x

1
x 










(A) For x[1,) f'(x) > 0 so (A) is correct.

(B) Obvious wrong.

(C) f(x) + f(1/x) =

1x t
t

1/ x

dt
e

t

 
  
  +

1
t1/ x t

x

1
put t

p

e

t

 
  
 






dt

1x t
t

1/ x

dt
e

t

 
   –

p

dp
e

x

x/1

p

1
p












= 0

(C) is correct

(D) Since f(x) = – f 








x

1

f(2x) = – f x

1

2

 
 
 

f(2x) = –f(2–x)
odd.

(D) is correct
ACD is answer

Q.10 [2]

4x3 .    
11

5 5
2 2 2

0 0

d d
1– x – 12 x . 1– x dx

dx dx

= –12    
11

5 5
2 2 2

0 0

x . 1– x – 2 x. 1– x dx
    
   



=  
1

5
2

0

12 2x 1– x dx

=

0

5

1

–12 t dt =  
1

6

0

12
t

6
= 2.

Alternative :

21
3 2 5

20

d
4x (1 x ) dx

dx

  
 

  


d

dx

2 5d(1* x )

dx

 
  
 

=
d

dx
(5(1 – x2)4 (–

3x))

= –10
d

dx
(x(1 – x2)4)

= –10[(1 – x2)4 + x4(1 –x2)3 (–2x)]
= [–10(1 – x2)3 [1 – x2 – 8x2]

Hence Integral

= –40
1

3 2 3 2

0
x (1 x ) (1 9x )dx 

Put x = sin 

= –40
/ 2

3 7

0
sin cos d


    360

1
5 7

0
sin cos d  

= –40. 1 .
2.6.4.2

10.8.6.4.2
+ 360 .

4.2.6.4.2

12.10.8.6.4.2

= –1 + 3 = 2 Ans.
Q.11 (A)

 =

2
17

4

(2cosecx) dx






Put n tan x/2 = t  tan
tx

e
2


 sinx =
t

2t

2e

1 e

cosec x =
t te e

2



 =

0

t t 16

n( 2 1)

2 (e e ) .dt






=

0

t t 16

– n( 2 1)

2 (e e ) .dt






since(et + e–t)16 is an even function

0 a

a 0

 

Hence  =

n( 2 1)

t t 16

0

2(e e ) dt
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Comprehension # 3 (Q. No. 12 & 13)
Q.12 (A)

g '(a) =

1 h

a a 1

h

t (1 t) dt
a



 




= –  
1 h

a 1a a 1 a

h

t (1 t) dt t 1 t


     dt = 0

g(a) = constant  g(a) = 

g(a) = 0h
Lt

 

1 h

h

1
dt

t 1 t






=













h1

h
2

4

1

2

1
t

dt

=

1 h

1

h

1
t

2sin
1

2





 
 

 
  
 

= sin–1 (2t – 1)
h1

h


= sin–1(1 – 2h) – sin – 1 (2h – 1) = 

Q.13 (D)

g(a) = 









h1

h

1aa

0h
dt)t1(tlim

g(1 – a) = 









h1

h

1)a1()a1(

0h
dt)t1(tlim

=

1 h

a 1 a

h 0
h

lim t (1 t) dt




 




=

1 h

a 1 a

h 0
h

lim (1 t) (1 (1 t)) dt




 


  













 
b

a

b

a

dx)xba(fdx)x(fby

= 









h1

h

a1a

0h
dtt)t1(lim

g(1 – a) = g(a)

Q.14 (D)
(P) Let f(x) = ax2 + bx, a, bW
(as f(0) = 0)

1

2

0

a b
ax bc

3 2
   = 1  2a + 3b = 6

 (a, b)  (3, 0), (0, 2)

Number of such polynomials = 2

(Q) f(x) =
22 sin x

4

 
 

 

x2 +
4


= 2n +

2


if f(x) ismaximum

x2 = 2n+
4



for n = 0, 1 x2 [0, 13]

(R)

2 22
2

x x –x

–2 0

3x 1 1
dx 3x dx

1 e 1 e 1 e

 
  

    

 
a a

–a 0

f(x)dx f(x) f(–x) dx
  

  
  
 

=

2 2x 2
2 2 3

x x 0
0 0

1 e
3x dx 3x dx x

1 e 1 e

 
      

  = 8

(S)

1/ 2

–1/ 2

1 x
cos2x n dx

1– x

 
 
   = 0

(as it is an odd function)
Hence P 2, Q 3, R 1, S 4. (D) Ans.

Q.15 [0]

 =

2 2

1

x[x ]
dx

2 [x 1]


  =



2 2

1

x [ x ]
d x

3 [ x ]

=

0 1 2

1 0 1

0 0 x.1
dx dx dx

3 1 3 0 3 1


 
    

=

2
2

1

1 x

4 2

 
 
  

=
2 1

8


=

1

4
 4 – 1 = 0

Q.16 [9]

=





















2

21

0

xtan3x9

x1

x912
.e

1

dx

  =
1

0

xtan3x9 1

e 




 

 = 1e 4

3
9






 n (1 +) = 9 +
4

3
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Aliter :

 =
1

1 2
(9x 3 tan x)

2

0

12 9x
e dx

1 x


 
   



Let 9x + 3tan–1x = t

 2

3
9 dx dt

1 x

 
  

 


2

2

12 9x
dx dt

1 x

 
   

  =  
9 3 / 4

9 3 / 4
t t

0
0

e dt e

 
 

 = e9+3/4 – 1

Now log
e
|1 + | – 3/4 = log

e
e(9+3/4) –3/4 = 9

Q.17 [7]

F(x) =  



x

1

x

1

dt)t(fdt)t(f

G(x) =

x

1
 t|f(f(t))|dt =

x

1
 t|f(f(t))|dt

)x(G

)x(F
lim

1x

L' hospitals   x 1

f(x) 1
lim

14x | f f x |


14

1

2

1
f1

2

1












f 








2

1
= 7

Q.18 (A,B)
f(x) = (7tan6x – 3tan2x).sec2x

 



4

0

)x(f dx =   

1

0

26 t3t7 dt = (t7 – t3)
0

1 = 0

Now 



4

0

dx)x(xf =
 6 21 1

0

7t 3t tan t

  dt

=     
1

1
1 7 3 7 3

20
0

1
tan t. t t t t . dt

1 t

   


=
 

 


1

0

2

43

t1

t1t
dt =   

1

0

23 t1t dt

=
4

1
–

6

1
=

12

1

Q.19 (D)

f(x) =
)x(sin2

x192
4

3


xR ; f 









2

1
= 0

Now 64x3  f(x)  96x3 x
1

,1
2

 
 
 

So 16x4–1 f(x) 24x4 –
2

3
x

1
,1

2

 
 
 

32

31
.

5

16
–

2

1
  

1

21
32

31
.

5

24
dx)x(f

–
4

3


26

10


 
1

1 2

78
f x dx

20
 hence (D)

(A) is incorrect as

1

1 2

78
f(x)dx

20


(B) is incorrect as

1

1 2

26
f(x)dx

10


(C) is incorrect as  

1

21

0dx)x(f

Q.20 (A,C)

I
1

=  t 6 4

0

e sin at cos at dt


   
2

t 6 4e sin at cos at dt




 

 
3

t 6 4

2

e sin at cos at dt




   
4

6 4

3

sin at cos at dt






= (1 + e + e2 + e3)  




0

46t dtatcosatsine


2

1

I

I
= 1 + e + e2 + e3 =

1–e

1–e4
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Definite Integration

Comprehension # 4 (Q. No. 21 & 22)
Q.21 (A,B,C)

f(x) = xf(x) + f(x)

 f(1) = f(1) + f(1) = f(1) < 0
 (A)
f(2) = 2f(2) < 0

 (B)
for x (1, 3) f(x) = xf(x) + f(x) < 0
 (C)

Q.22 (C,D)


3

1

3 dx)x(''fx = 40    
3

1

23

1
3 dx)x('fx3–)x('fx =

40


32 2

1
'( ) – ( )x f x x F x   – 3(–12) = 40

 9f(3) – 9F(3) – f(1) + f(1) = 4
 9f(3) + 36 – f(1) + 0 = 4
 9f(3) – f(1) + 32 = 0  (C)



3
2

1

'( )x F x dx = – 12 

3
32

1
1

( ) – 2 ( )x F x xF x dx   

= –12

 – 36 – 2 
3

1

dx)x(f = –12  
3

1

dx)x(f = –12

 (D)
Q.23 [1]

 f x 

2

4
0

1

x

x




 f (x) is monotonically increasing

Now, f (0) = 0 & f (1) =

1 2

4

0 1

t
dt

t

2

4
0 1

1

x

x
 


 ,

1 12

4

0 0

0 1
1

t
dt dt

t
  

 

1 2

4

0

0 1
1

t
dt

t
  



Hence, eqn has one solution in (0, 1].
Ans- 1

Q.24 (A)

2

2

2

cos

1 x

x x
I dx

e









2

2

2

cos
,

1 x

x x
Now I dx

e



 




2
22 2

2 2

cos (1 )
2 cos

1

x

x

x x e
I dx x x dx

e

 

 
 


  

 

22

0
2 2 cosI x x dx



  

 
2

2 2

0
sin 2 ( cos ) 2( sin ) 2

4
I x x x x x

 
       

Q.25 (B,C)

2 2 2
2

2 2 2 2 2

1 1 1
. 1 .....

2 3
( ) lim

1 1
n!.(n ) 1 ....

2

x

n
n n

n
n

x x x x
n n

n n n n n
f x

x x x

n n n n



      
         

      
     

        
     

2 2 2 2

2 2 2 2

1 1 1
1 ....

2 3
ln lim ln

1. 2. 1 3. 1 . 1
1 .....

2 3

n

x x x x

x n n n n n
f(x)

n x x x n x

n n n n n



      
         

      
      

         
       

2 20
1 1

2

1

lim ln lim ln
1

n n

n n
r r

x n
x

x xn r x
rx rx rn n

n r n r

 
 

   
    

    
       
   

 

 
1 1 1

2 2

20 0 0

1

ln ln ( 1) ln 1
1

x
tx dt x xt dt x x t dt

tx
t

 
 

     
  
 

  

   2

0 0

ln ( ) ln 1 ln 1
x x

du
Let tx u dt

x

f x u du u du

  

     

2

'( ) 1
ln

( ) 1

f x x

f x x
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Definite Integration

'(2) 3
ln 0 '(2) 0

(2) 5

f
f

f

 
    

 

'(3) 2 '(2) '(3)
ln

(3) 5 (2) (3)

f f f

f f f

 
   

 

 ' '( )
Now, 0in (0,1) and 0in (1, )

( ) ( )

f x f x

f x f x
  

'( ) 0 in (0,1) and '( ) 0 in (1, )f x f x   

( ) .I. in (0,1) and ( ) . . in (1, )f x is M f x is M D 

1 1 2
So, (1)

2 3 3
f f and f f

     
      

     

Q.26 [2]

    
/2

x

d
g x f t cos ect dt

dt



 

   g x f cosec f x cosecx
2 2

    
       

g(x) = 3 – f(x) cosecx

 
 

3
sin

f x
g x

x
 

 
 

0 0
lim 3 lim

sinx x

f x
g x

x 
 

 
0

' 1
3 lim 3 2

cos 1x

f x

x
    

Q.27 (BD)

Put x – k = p

   

198

1 0

1

1k

k
I dp

k p k p




  


 

198

2
1 0

1

1k

k
I dp

k p




 


 
 

1
98

1 0

1
1

1k

I k
k p

 
     


 
98

1

1 1
1

1 2k

I k
k k

 
     


98

1

1 1 1
..........

2 3 100k

I
k

   




1 1 98
......

100 100 100
I    

49

50
I 

 
198

1

1

1

k

k k

k
dx

x x








 

   
1 1

1 1

k k

x x x k

 


  ( least value of x + 1 is k +

1)

 
1 1

1

k

x x x


 



198

1

1
k

k k

I dx
x





  

 
98

1

1 99
k

I n k nk I n


        

Q.28 (BONUS)

   
sin 2

1

sin
sin

x

x
g x t dt 
g’(x) = sin–1 (sin2x) . cos2x.2 – sin–1 (sinx) .cosx

= 2cos2x . sin–1 (sin2x) – cosx . sin–1 (sinx)

    1' 2cos sin sin
2

 
    
 

g


 

1cos .sin (sin ) 0
2 2

   
      

   

 

    1' 2cos sin sin
2

 
 

 
g


 

1cos .sin (sin ) 0
2 2

   
    

   

 

Q.29 [1]

y
n
=

1

n1 2 n
1 1 ....... 1

n n n
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Definite Integration

y
n

=

1/nn

r 1

r
1

n

 
 

 


log y
n

=
1

n

n

r 1

r
n 1

n

 
 

 
 



n

n
n x

r 1

1 r
lim log y lim n 1

n n 


 
  

 
 



1

0

log L n (1 x)dx  

log L = log
4

e

L =
4

e

[L] = 1

Q.30 [2]

 
   

1

2

1 42 6
0

1 3 dx

1 x 1 x



  
 



 

 
 
 

1
4

1

2

6
0 2

6

1 3 dx

1 x
1 x

1 x



 
  

  



Put  
2

1 x 2
t dt

1 x 1 x

  
  

 

   
  

1
31 3

6 4

11

1 3 dt 1 3 2
I 1 3 3 1 2

2t 2 t

   
      



Q.31 [4.00]

2I =
2



/4

sin x sin x

/4

1 1

(1 e )(2 – cos 2x) (1 e )(2 – cos2x)







 
   

 dx

(using King’s Rule)

 I =
1



/4 /4 2

2

/4 0

dx 2 sec dxdx

2 – cos2x 1 3tan x

 




  

=
2

3

/4
1

0

2
tan ( 3 tan x)

3 3


   

 2712 = 27 ×
4

27
= 4

Q.32 (1,2)

1/3n
1/3

r 1

nx
7/3

2
r 1

r
n

n
lim

1
n

(an r)







  
     
 
 

 




= 54



1/3n

r 1

nx

2
r 1

1 r

n n
lim

1 1

n (a r / n)







   
       
    
   




= 54



1
1/3

0
1

2

0

x dx

54
1

dx
(a x)










3

4
1

a(a 1)

= 54

 a(a + 1)=72  a2 + a – 72 = 0  a = –9, 8

Q.33 [0.50]

I =  

/ 2

0

3 cos
d

cos sin





  



=  

/ 2

0

3 sin
d

cos sec





  



2I =  

/ 2

4

0

3d

cos sec




  


= 3  

/ 2 2

4

0

sec d

1 tan


 

 


Let 1 + tan t 

2sec

2 tan




d = dt

sec2d = 2 (t –1)dt

= 3 4

1

2(t 1)dt

t




 = 6  3 4

1

t – t dt


 



2I =

2 3

1

t t 1 1
6 6 0 0

2 3 2 3

     
              

I = 0.50
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Definite Integration

Q.34 (A,B,D)

(A)
2 4x x

cos x 1 ....
2! 4!

   

3 5x x
sin x x ....

3! 5!
   

2x
cos x 1

2
 

1 1 2

0 0

x 1 1
x cos x x 1

2 2 8

 
    

 
 

 
1

0

3
x cos x True

8


(B)
3x

sin x x
6

 

1 1 3

0 0

x
x sin x x x dx

6

 
  

 
 

1 1

0 0

1 1 3
x sin x x sin x dx

3 30 8
     (True)

(D)

1 1 3
2 2

0 0

x
x sin x dx x x dx

6

 
  

 
 

1
2

0

1 1
x sin x dx

4 36
 

1
2

0

2
x sin x dx

9
 (True)

(C) cos x < 1
x2cos x <x2

1 1
2 2

0 0

x cos x dx x dx 

1
2

0

1
x cos x dx

3


So option ‘C’ is incorrect.

Q.35 [4.00]

   
x

0

F x t .dt  f

F(x) = f (x)

     
0 0

I x .cos x dx F x cos x dx 2
 

   f ...(1)

   1

0

I x .cos x dx Let


  f

Using by parts

   1 0
0

I cos x. (x) sin x. x dx



  f f

   1

0

I 6 0 sin x.F x dx


   f

I
1
= 6 – f(0) + 1

2
...(2)

2

0

I sin x.F (x).dx


 

Using by part we get

    2 0
0

I sin x.F x cos x.F x dx



  

 2

0

I cos x.F x dx


 

(2) I
1
= 6 – f (0) –  

0

cos x.F x dx




(1) I= 6 – f (0) = 2f (0) = 4

Q.36 (A,B,C)
(A) Let g(x)=f(x)–3cos3x

Now    
/3 /3 /3

0 0 0

g x dx x dx 3 cos3xdx 0
  

    f

hence g(x)=0 has a root in 0,
3

 
 
 

(B)Leth(x)=f(x)–3sin3x+
6



Now    
/3 /3 /3 /3

0 0 0 0

6
h x dx x dx 3 sin 3xdx dx

   

  
   f

=0–2+2=0

Hence h(x) =0 has a root in 0,
3

 
 
 

(C)

   


2 2

x x

2
0 0

x xx 0 x 0

Apply:L'Hopital 'sRule
1

x t dt t dt
x

lim lim
x1 e 1 e 



 
  

  

 



f f

 
x 0

x
1lim 1

1
   

f

(D)
   

0
2x 0

sin x t dt

lim
x

 f

 
x

0

x 0

ApplyL'HopitalsRule1

t dt
sin x

lim
x x

 
  

 





f
 

x 0

x
1 lim 1

1
 

f
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Definite Integration

Q.37 [2.00]

3π 3π/8 3π/8
2 2

1

π/8 π/8 π/8

π 3π
S = (x)dx = sin xdx = sin + – x

8 8
f

 
 
 

  

3π/8
2

π/8

dx = cos xdx

3π/8
2 2

1

π/8

3π π π
2S = (sin x + cos x)dx = – =

8 8 4

116S
= 2

π


Q.38 [1.50]

–4x 4x–

/2

/8 /4 3 /8

3π/8 3π/8
2

2 2
π/8 π/8

S = f(x)g (x)dx = sin x | 4x – π | dx 
3π/8 3π/8

2
2

π/8 π/8
= f(x)g (x)dx = sin x | 4x – π | dx 

3π/8
2

π/8
= (cos x) | π – 4x | dx

3π/8 3π/8
2 2

1
π/8 π/8

2S = | 4x – π | (sin x + cos x)dx = | 4x – π | dx  
21 π π π

= 2× × × =
2 8 2 16

2

2

48S 3
× = 1.5

2π
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Area Under the Curve

Area Under Curve

ELEMENTRY
Q.1 (3)

Given curve xlogy  and 1x  , 2x  .

Hence required area = 
2

1
dxxlog = 2

1)xxlogx(  =

)14(log12log2  sq. unit.

Q.2 (3)

Required area =  
4

1

4

1
dy

2

y
dyx

=
3

7
|y|

3

2
.

2

1 4
1

2/3  sq. unit.

Q.3 (2)

Required area 



4/

0
dx)x2cosx2(sin

4/

02

x2sin

2

x2cos












.sq10sin0cos
2

sin
2

cos
2

1















 unit.

Q.4 (4)

Area

4

0

2/34

0 )2/3.(3

)4x3(
dx4x3


 

43  xy

C

B

AO

Y

X

.sq
9

112
56

9

2
 unit.

Q.5 (4)

Shaded area 
9

4
dxax42A

x = 4

y2=4ax

x = 9Y

X

Q.6 (2)

Required area = area of OABC – area of OBC

O

A

X

y2 = x

(16,4)B
y= 4

C

Y

.
3

64

2/3

x
64dxx416

16

0

2/316

0













 

Q.7 (1)

required area is 1

Q.8 (1)

Area of smaller part dxx42
2

1

2
 

x = 1

X(0,0)

Y

(2, 0)

2

1

12

2

x
sin2x4

2

x
2 








  3

2 2. 2.
2 2 6

   
    

   

3
2

2 3

  
    

   

4
3

3


 

EXERCISES
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Area Under the Curve

Q.9 (2)

Required area

dxa
2

x2cos1
dx.xsinA

2/

0

2/

0

2 









 


4
]x2[sin

4

1
]x[

2

1 2/
0

2/
0


 

Q.10 (3)

Required area   
3

0

2

3

2 dxx4dx
3

x

yx 3

(2,0)
X

Y

2

3

12

3

0

2

2

x
sin

2

4
x4

2

x

2

x

3

1





















 

33

2

2

3

2

3 












 


Trick : Area of sector made by an arc =
2

R 2c

32

4
.

6







Q.11 (1)
Given required area has been shown in the figure.

4
x


 is the point of intersection of both curve

y = cos x

y = sin x

x =  /4

Y

X

Required area = 



4/

0
dx)xsinx(cos

4/
0]xcosx[sin  








 1

2

1

2

1

= 121
2

2


Q.12 (3)

We have 2xx4y  and 0y  ; 0x  , 4

Required area 













4

0

4

0

32
2

3

x

2

x4
dx)xx4(

3

32

3

64
32  sq. unit.

Q.13 (3)

required area is
4

1
2log 

Q.14 (1)

Solving 0y  and ,xx34y 2 we get 4,1x  .

Curve does not intersect x-axis between x = –1 and x =
4.

Area  
4

1

2

6

125
dx)xx34( .

Q.15 (4)

Bounded area =  


2

0

0

1
dxxdxx

X

Y

x = – 1 x = 2

y = x

|2|
2

1


2

5

2

1
2 

Q.16 (3)

We have ax4y2   ax2y 

We know the equations of lines ax  and a4x 

 The area inside the parabola between the lines

4a
3

1
24a 4a 4a

2

a a a

a

x
A 2 ydx 2 2 ax dx 4 a x dx 4 a

3

2

 
 

     
 
 

  

1 3 3 1 3

2 2 2 2 2
8 8

a (4a) (a) a a [8 1]
3 3

 
    

  

256
a

3


Q.17 (2)

Given, 3x2xy 2  and 0y 

Therefore, 1x  and 3x 

 Required area  
3

1

2 dx)3x2x(

3

32
x3x

3

x
3

1

2
3
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Area Under the Curve

Q.18 (3)

Given curves are, 3xy  and xy 

On solving, we get 1x,0x 

Therefore, required area = dx)xx(
1

0

3
 

12

5

3

2

4

1

3

xx2

4

x
1

0

4






















 ,(Area can’t be

negative).

Q.19 (1)
The parabola meets x-axis at the points, where

.ax0)xa(
a

3 22  So the required area

 


a

a

a

0

22222 a4dx)xa(
a

6
dx)xa(

a

3
s q .

unit.

Q.20 (1)
Since the given equation contains only even powers
of x and only even powers of y, the curve is

symmetrical
about y-axis as well as x-axis.

O
B(a,0)

D

A

C (0, b)

X

Y

 Whole area of given ellipse

  
a

0

a

0

22 dxxa
a

b
4dxy4)BCOofarea(4











 


2/

0
d

2

2cos1
ab4 , {Putting  sinax }









  

 2/

0

2/

0
d2cosdab2

ab
2

2sin
][

2/

0

2/
0 







 



 sq. unit.

Q.21 (2)
y = x – 1, if x > 1and y = –(x – 1),if x < 1

x =1

y=1

x = 2

x + y = 1

y = x – 1

Y

X

Area

2

1

21

0

21

0

2

1
x

2

x

2

x
xdx)1x(dx)x1(

























  


























 1

2

1

2

1
1 1

2

1

2

1


Q.22 (4)

Given parabolas are y1x2  , y1x2 

x2 = 1 + y

(0, 1)

x2 = 1 – y(0, –1)

Y

X

Required area  
1

0

2 dx)x1(4
3

8

3

x
x4

1

0

3















Q.23 (2)

x8y2  and 0xx8xxy 2  ,8

 Required area =  
8

0
dx)xx22(

.sq
3

32

2

64

3

128

2

x
x

3

24
8

0

2
2/3 












 unit.

Q.24 (1)

Required area dx])x(logx[log
e

1

2
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Area Under the Curve

(e, 1)

(1, 0)
X

Y

 
e

1

2
e

1
dx)x(logdxxlogA

e
1

2e
1 ]x2xlogx2)x(logx[]xxlogx[ 

)]2(e2e2)1(e[)]1(ee[ 2 

)2e()1(  e3

Q.25 (2)

y = – x y = x2

Y

(–1,1) (1,1)

X

y = x

Required area = 2 (shaded area in first quadrant)

=  
1

0

2

3

1

6

1
2dx)xx(2

Q.26 (3) Given equations of curves xcosy  and

xsiny  and ordinates 0x  to .
4

x


 We know

that area bounded by the curves

  
 


2

1

x

x

4/

0

4/

0
dxxsinxdxcosydx

4/
0

4/
0 ]xcos[]x[sin  










































 1

2

1
0

2

1
0cos

4
cos0sin

4
sin

12 

Q.27 (1)

Area of the circle in first quadrant is
4

)( 2
i.e.,

4

3
.

Also area bounded by curve xsiny  and x -axis is

2 sq.

unit. Hence required area is
4

8
2

4

33 



.

Q.28 (2)

Solving the equations y4x2  and 2y4x 

simultaneously. The points of intersection of the
parabola and the

line are )1,2(A and 









4

1
,1B











4

1
,1

x2=4y

Y

B

O

x=4y–2 A(2,1)

X

 The required area = shaded area


















   



2

1 )y4xfor(

2

1
)2y4xfor( 2ydxdxy

  


2

1

2

1

2dxx
4

1
dx)2x(

4

1

8

9

3

x

4

1
x2

2

x

4

1
2

1

3
2

1

2






























sq. unit.

Q.29 (2)

The x-coordinate of A is
a

1

According to the given condition,

dxax
a

x
1

a/1

0

2
 











a/1

0
3a/1

0
2/3 ]x[

3

a
]x[

3

2
.

a

1
1 


3

1
a

3

1
a 2 

y2=
a

x

Y

XO

A(1/a, 1/a)

y=ax2

Q.30 (3)

Required area   
0

e1
e dx)ex(log

(1 – e, 0)

(0, 1)
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Area Under the Curve

unit.sq1]ttlogt[dttlog
e

1

e
1   ,

(Put tex  ).

JEE-MAIN

OBJECTIVE QUESTIONS
Q.1 (3)

y = 0 x = 1, 3

Area = 
3

1

2 dx)3–x–x4( =
3

4

Q.2 (1)

Area of bounded region = dxxsin2

0



=

  0xcos2 = 2 [1– (–1)] = 4

Q.3 (2)

x = 0, x =
a


are successive points of inflection

Area = 
 a/

0

dxaxsin =
a

2

Q.4 (1)

Area = 








2/

2/

0

2dxxcos–dxxcos

Q.5 (4)

–e –eH O

1

A =  
1

0

y 1dy)ee(

Q.6 (3)
x = 0  y = 0, – 3, 3

Required area = 
3

0

3 dy)y–y9(2 =
2

81

Q.7 (4)

Area = 2 
2

0

dxx2 =
3

216

Q.8 (4)
From figure it is clear that required

area = 




2/

0
2

3
dxxcos

2

1

Q.9 (3)

(e, 0)
xx’

(1, 0)

y

y'

y = (ln x)2
y = ln x

A =
e 2

1
( n x n x) dx   = 3 – e
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Q.10 (3)

Area = 
4

1

dyy
2

1
=

3

7

Q.11 (3)

From figure

Area = 
 4/

0

dx)xsin–x(cos = 1–2

Q.12 (3)

Area =   dx)x1(e

1

0

x

  +   dx)1x(e

2

1

x

 

=

1

0

2
x

2

x
xe














 +

2

1

2
x x

2

x
e
















= 









2

1
1e1

– 1 +  22e2  – 







 1

2

1
e1

= e2 – 2

Q.13 (2)

 


















3

2

2

3

dx
x

3
x4dx

x

3
xA

=

2

3

2

nx3
2

x













  +

3

2

2

nx3
2

x
x4














 

=
2

3n34 

Q.14 (1)

 

t

0

32

t

0

24 dx))x(f–x–x2(kdx))x4–x(–)x(f(

Differentiating w.r.t. t

f(t) =
k1

t)4–k2(kt–t 234





Q.15 (2)
y = x – x2 : y = mx
first find point of intersection : x – x2 = mx

x2 + (m – 1) x = 0  x = 0 , 1 – m

Case - I

Area of OABCO

A = dx)yy(

m1

0

21




= dx)mxxx(

m1

0

2




 = 9/2

= m = – 2

Case - II
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Area of PAOP

dx)mxxx(

0

m1

2




 = 9/2

 m = 4

Q.16 (1)
Solving x = 1, 4

From graph it is clear that required

area = dx)4x2(
3

1
–x2

4

1
 








 =

3

1

Q.17 (2)

Area =   














4

0

2

dxx312
4

1

16

x
13

=

4

0

24

0

12

2

x3
x12

4

1

4

x
sin

2

16
x16

4

x

4

3





























 

=     2448
4

1
)00(40

4

3


= 3 – 6 = 3( – 2)

Q.18 (3)

A =



 
3

2

0

(1 sin2x cosx)dx

A = 



2/3

0
dx)xcosx2sin1( = 2 +

2

3

Q.19 (2)

(1,0)

y = x
2

|x|y 

A = 2  
1 2

0

2
| x | x dx

3
 

Q.20 (1)

A = 
2

1

dxxn = 2 n 2 – 1

 Required area = 4 – 2 (n 2 – 1) = 6 – 4 n 2

Q.21 (3)
The required area will be equal to the area enclosed

by y = f(x),
y-axis between the abscissa at y =–2 and y = 6
Hence, Area

=  

1

0

dx))x(f6( + 




0

1

dx))2()x(f( =
2

9
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Alternative
Clearly g(x) < 0 for x < 2 and g(x) > 0 for x > 2

Area =  

6

2

2

2–

dx)x(gdx)x(g–

put x = f(t)

=
2

9
dt)t(ftdt)t(ft–

1

0

0

1–

 

Q.22 (1)

2

2

dx

yd
= 0 at x = 2 so AA

= dxxe
2

0

x


 =1 – 3e–2

Q.23 (1)

A =  
2/3

0 8

39
dxy

and 








8

39
×

2

1
= 

2/3

0
dxmx

y=m
x

O 3/2

y

x

m = 13/6

Q.24 (1)

sin 2x – 3 sin x = 0  sin x 














2

3
xcos =0

x = 0 on /6

so A =  
a

0
dx)xsin3x2(sin

 4A + 8 cos a = 7.

Q.25 (2)

Area = dx
x

1
3

1

2 







=

3

1x

1








 =

3

1
 – (–1) =

3

2

Q.26 (3)

A = 8dxx2

2

0

3 

Q.27 (3)

0 < y < 3 – 2x – x2 , x > 0

y = 3 – 2x – x2  (x + 1)2 = –(y – 2)

vertex (–1, 2) at y = 0, x = –3, x = 1

Area =  
1

0

2 dx)xx23( Ans.

Q.28 (2)

C
1

: y =
1

x
 xy – 1

C
2

: y = n x

x = 1, x = a
D

1
= D

2

D2

C1 x

y

D1

(1,0) x =a

x=1 C2
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D
1

= D
2

c

1

1
log x dx

x

 
 

 
 =

a

c

1
log x dx

x

 
 

 


Q.29 (3)

)4b3(sin)1b(dx)x(f
b

1


differentiate w.r.t. ‘b’
f(b).1 = 3(b – 1) cos (3b + 4) + sin (3b + 4)
so f(x) = 3(x – 1) cos (3x + 4) + sin (3x + 4)

Q.30 (2)

curve is symmetric about both the axes & cuts x-axis
at (–1, 0) (0, 0) & (1, 0)

(–1,0) (1,0)

Area of loop = 2  
1

0

2 dxx1x

= 2.
3

2
=

3

4

JEE-ADVANCED
OBJECTIVE QUESTIONS
Q.1 (D)

A
1

= 2ndx
x

1
2

1

 , AA
2

= 2ndx
x

1
4

2



A
1

= A
2

Q.2 (A)

Area = 3

16
dx)1–x2(dx)x–2(

2

1

1

1–

2  

Q.3 (D)

dx

dy
= 8x3 – 2x.

dx

dy
= 0  (4x2 – 1) x = 0

x = –
2

1
, 0,

2

1

Required area = 
2/1

0

24 dx)x–x2(2– =
120

7

Q.4 (A)
y² = (7  x) (5 + x) at y = 0, x = 7, –5

(x –1)2 + y2 = (6)2 centre (1,0)

From the figure it is clear that area is




1

5

dxy = 




1

5

22 dx)1x()6(

=

1

5

122

6

1x
sin

2

36
)1x(6

2

1x



















 




=     )1(sin18000 1   = 9
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Area Under the Curve

Q.5 (C)

x = 0 is asymptote

Required area = 2 



0

22

3

dy
ay

a
= a2

Q.6 (B)

y = ln |x|

O
xx'

y

y'

(1, 0)

y = | ln |x| |

y = | ln x |

Area enclosed by the curves y = ln x, y = ln |x|

y = |ln x| and y= | ln |x| | is 
1

0

4 | lnx | dx

=  
1

0
4 x ln x x =4

Q.7 (A)

(x – 1)2 + y2 =1

Area of circle is r2

Required area = 


2

0

dx
2

x
sin–

2

=


 4
–

2

Q.8 (A)

y = log
e
(x + e), at y = 0, x = 1 – e point (1 – e, 0)

ey = x + e  ey – e = x

x = log
e 









y

1
, at y = e , x = –1

ex = y

1
 y = e–x

Area = 








0

x

0

e1

e dxedx)ex(log

= 




0

x
e

1

dxedtnt =  





















0

x
e
1

1

e
tntt

= [(e – e) – (0 –1)] + ]1e[–  = 1 + 1 = 2

Q.9 (B)

h(x) = f{g(x)} h(x) = f(2x + 1)
4x2 + 4x + 5 = f(2x + 1)
 f(2x + 1) = (2x + 1)2 + 4

f(t)= l2 + 4  f(x) = x2 + 4

y

y'

xx'
(–2,0) (0,0)

x + 42

(2,0)

(2,8)

Let the pair of S.l assing through the origin is
y = mx and tangent to y = x2 + 4
 x2 + 4 = mx  x2 = mx + 4 = 0  D = 0



137

Area Under the Curve

 m2 – 16 = 0  m = ± 4 x tan y = ± 4x
Point of untense of y = 4x and y = x2 + 4
x2 + 4 = 4x  (x – 2)2 = 0  x = 2

A =
2

2

0

2 (x 4)dx – 2 ×
1

2
× 2 × 8 A =

16

3

Q.10 (D)

dx

dy
= 1 + cos x  0,  x

2

2

dx

yd
= – sin x

x = n are points of inflection, where curve changes

its concavity.

For x (0, ), sin x > 0 x + sin x > x.

For x (, 2), sin x < 0 x + sin x < x.

Required area = 4A

A =   




0

dxx–xsinx

A = 2

Required area = 4A = 8

Q.11 (C)

ƒ(x) = x2 + 6x + 1  f(y) = y2 + 6y + 1
f(x) + f(y) = x2 + y2 + 6x + 6y+2  0
snous interior area of circle radius of circle is = 4

f(x) – f(y) = x2 – y2 + 6x – 6y  0

1

2

3

4

5

6
x + y + 6 = 0

x y

x = y

x y

x + y + 6
0

x
+

y
+

6
0



(0,0)

123456

case (i)
90°

case (i)

(–3,3)
2

 (x – y) (x + y + 6)  0
Case (i) x – y  0 and x + y + 6  0
or Case (ii) x – y  0 and x2 + y + 6  0,

A =
1

2
× 16 ×

2


× 2 A = 8

Q.12 (D)

A1 =  










1

0

2 dxxx
2

sin =

1

0

3

3

x

2/

x
2

cos

























=


2
–

3

1
=





3

6


1

0

2
2 dxxA = 3

1

3

x
1

0

3
















 3/1

3/6

A

A

2

1 
 =



6

Q.13 (C)

XX'

Y

Y'
(4,0)(2,0)(0,0)

(0,4)
(2,2)

y = f(x)

y = g(x)

 
4

2

2

0

4

0
dx))x(f)x(g(dx))x(g)x(f(dx))x(g)x(f(

 
2

0
15dx)x(g)x(f(
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Q.14 (B)

Area of shaded region =
3

1

S1

S2

Q.15 (B)

f(x) + f(– x) = 2.  x  










,

2

f(x) = 2 – sin ( – x)

f(x) = 2 – sin x,  x  










,

2

f(x) = 2– f(2 – x),  x  






 


2

3
,

f(x) = 2 + sin x, x  






 


2

3
,

f(x) = f(2 – x),  x  










2,

2

3

f(x) = – sin x,  x  










2,

2

3

Clearly, from figure required area = 2

Q.16 (A)

y = xex, y = xe–x

xex = x–x  x(ex – e–x) = 0

x = 0, Intersection point (0,0)

Area = 


1

0

xx dx)xexe(

=   
 

1

0

xx1

0
xx dx)ee.(1eex

=  10xx ee0
e

1
e 








 =

e

2

Q.17 (A)

Area =  dx)x–1(–)x–1(

1

0

2



=
3

4
– 1 =

3

1

Q.18 (B)

A =  
e

2/1
dx))xn1(x(  =

4

e5e 22 

Q.19 (D)

A = 5 –  
1

0

3 dx)x2x3( =
4

13

Q.20 (D)

xx'

y'

y

x = |y| 1 – y
2

O 1–1

x = y – 1
2

1
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Area =
1 1

2 2

0 0

2 y 1 y dy 2 (y 1)dy     A = 2 Ans.

Q.21 (A)

x = acos3t, y = asin3t  x2/3 + y2/3 = a2/3

A = 
 2/

0

dt
dt

dx
y4 = 





2/

0

232 dt)tsin(tcostsina34

= 




2/

0

242 dttcostsina12 =
21.2.4.6

1.1.3
a12 2 



=
2a

8

3
 sq. units

Q.22 (C)

According to questions f’’(x) = f’(x)

  f ''(x)dx f '(x)dx

f’(x) = f(x) + 4  f’(0) = f(0) + 4  4 = 1

Now f’(x) = f(x) + 1

 

f '(x)

f(x) 1 = 1  
 

f '(x)
dx dx

f(x) 1

(0, 0) (1, 0)
x'

y

y'

x

y + 1 = 0

y = e – 1x
x = 0

ln |f(x) + 1| = x + C
2
 ln |f(0) + 1| = 0 + C

2
C

2
=

ln | f(x) + 1 = x  f(x) + 1 = ex  f(x) = ex – 1

A=   
1

x

0

(e 1)dx 1 1 A=e – 2 +1 A = e –1

Q.23 (D)

A =

2a

2

a

x 1
dx

6 x

 
 

 


A =

2a2

a

x 1

12 x

 
  

 

y'

y

xx'

(a,0) (2a,0)
y=0

gr
ap

h

A =

2a 1

4 2a


Now,
dA

da
=

a

2
– 2

1

2a

For maximum and minimum value of A

dA
0

da
 

a

2
= 2

1

2a
 a3 = 1



2

2

d A

da
=

1

2
+ 3

1

a

2

2

a 1

d A

da






=
1

2
+1>0 A is least value at a = 1

Q.24 (A)

y'

y

xx'

y = 1 – x
2

(–1,0) (0,0) (1,0)

P

Q
(0, 1 + )2

A (0, 1 – )2
(1,0)

1 – 2

2
, 0

Example of tangent at A(, 1 – 2) for the curve

y = 1 – x2 is y + 1 – 2 = 2 – 2  x
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2  x + y = 1 + 2 
2 2

x y
1

1 1

2

 
   



Area of OPQ =
1

2
×

2 2(1 )

2

 


 =

2 2(1 )

4

 



d

d




=

2 2( 1)(3 –1)  


for minimum value of 

d

d




= 0 

2 2(3 –1)( 1)  


= 0   

1

3

Minimum Area of =
4 3

9

According to questions  4 12 = 4

Q.25 (D)

XX'

Y

Y'

(0,1)

(0,e )
a

c = e1

x

c = y = e2

a–x

(a/2, 0)

S =  2/a

0

xxa dx)eee(

& 0a
Lim
 2a

s
= 0a

Lim
 2

2/aa

a

1e2e 
=

4

1

Q.26 (B)

Area bounded by the curve traced by P is

y'

y

xx'
A C

(0,0) (4,0)

B (2, 2 3)

60°
2

2

=


    23 1
(4) 3 4

4 2 3

= 4 3 2 sq. unit.

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (A,B,C)

A1 = A2 = A3 = A4 =
3

2
·

4

1
· 32 =

3

16

A2 =   
4

a

dxbx2 =
3

16

A4 =   
4

a

dxx2b =
3

6
 b = 0

A1 A2

A3 A4
4

y = b

x = a

(4, 4)

(4, – 4)

A4 = 
4

a

dxx2 =
3

16

4

a

2
3

x
3

4
=

3

16
 2

3

a
3

4

3

32
 =

3

16

2
3

a
3

4
=

3

16
 a3 = 16]

Q.2 (A,D)

y

x

(1,tan1)

O(0,0) (1,0)

x=1

(0, tan1)

Required area = 
1

0

dxxtan =  
1

0

dx)x1tan(

(Using king property)
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Also, required area = tan 1 – 


1tan

0

1 dy)y(tan .

Q.3 (A,B,C,D)

 2
1

x

1

A e e dx


  =
2

1
x

1

2e e dx


 

e e

1 1

A 2 x dy 2 ln y dy  

x=–1 x=1

(0,1)

y = e
x2

y = e

put ln y = t ; y = et ; dy = et dt

A = 2

1
t

0

t e dt .

Q.4 (A,B)

Point of intersection of two curves C
1

and C
2

 2

1

1 x
=

2x

2

y'

y

xx'
C1

C2

–1
O

1

x4 + x2 – 2 = 0
(x2 + 2) (x2 – 1) = 0
x = ± 1

Area bounded by the curve C
1

and y = 0 is

=



 2

0

1
2 dx

1 x =
  

1

0
2 tan x =

 
  

 
2

2

Area bounded by

C
1

and C
2

is
 

 
 

 
1 1 2

2

0 0

1 x
2 dx dx

1 x 2

=
  

11

0
2 tan x –   

13

0

1
x

3
=



1

3 3
Ans.

Q.5 (A,C)

Area (T) =
1

2
× C2 × C =

3C

2

(0, 0) (C, 0)

y = x
2

(C, C )
2(0, C )

2

y

y'

x' x

y = cx

Area (R) =
3

C
2

0

C
(Cx x )dx

6
 

Area(T)

Area(R)C 0
lim =

3

3
C 0

6C
lim

2 C 
= 3

Q.6 (A, B, C,D)
h (x) = 3x2 – 4x + c
h (1) = 0  c = 1

h (x) = 3x2 – 4x + 1
h (x) = x3 – 2x2 + x + d
5 = 1 – 2 + 1 + d d = 5

h (x) = x3 – 2x2 + x + 5
h(2) = 3×22 – 4×2 + 1 = 5.

Tangent at (2, 7) is y – 7 = 5 (x – 2)
5x – y = 3
y = g (f(x))

y = 0

h (x) = 0  x =
3

1
, 1

Area by y = h(x), y = g(f(x)), x = 0, x = 2 is

  

2

0

23 dx5xx2–x =
3

32
.

Area by ordinates of local maxima 









3

1
x , local

minima (x = 1) , y = h (x) and x - axis is
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dx)5xx2–x(

1

3/1

23

 

=  









































1

3

1

23

dx5x
3

1
1x

3

1
12x

3

1
1 .

Area bounded by y = h (x), y = 5x – 3 and x = 0 is

 dx)3–x5(–)5xx2–x(

2

0

23

  =
3

20

Q.7 (A,C)

2

3
=

2

1.732
= 1.15

x2 + 1 =
4

3

2
1

3

2

3

y = 1

y

xx'

y'x + y
2 2


4

3

(0,1)

x2 =
1

3
 x =

1

3

R
1
R

2
=

1

3
× 1+

1
2

1

3

4
x dx

3


R
1
R

2
=

1

3
+

1

2 1

1

3

x 4 2 x 3
x sin

2 3 3 2


  
    

   

R
1
R

2
=

1

3
+

1

2 1

1

3

x 4 2 x 3
x sin

2 3 3 2


  
    

   

=
1

2 3
+

2

9 9

 
 =

1

2 3
+

6


=

1

93




=
3 3

9

 

Q.8 (A,D)
| x |  1, | y |  1
 – 1  x  1

& 1  y  1

& xy 
1

2
 y 

1

2x

y

xx'

y'

Square

1

2

1

2

2

1

Required Area =

1

1

2

1
2 1 dx

2x

 
 

 


=

1

1

2

1
2 x tanx

2

 
 

 
= 1 – ln 2 sq. unit

Comprehension # 1 (Q. No. 9 to 11)

Q.9 (A)
Q.10 (C)
Q.11 (B)

2f (x) f(x) = 2 f(x) f(x)
Integrating
(f(x))2 = (f(x))2 + c

put x = 0  c = 5
(f(x))2 = (f(x))2 + 5
put y = f(x)

dx

dy
= ± 5y2 







  5yyn 2 = ± x + c

1

x = 0, y = 2  c
1

= n5

5

5yy 2 
= e±x

y =
2

e–e5 x–x

or y =
2

e–e5 xx–

If f(x) =
2

e–e5 xx–

; f (0) = 3 is not satisfied
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 f(x) =
2

e–e5 x–x

put f(x) = 0 2x = n 








5

1
x = –

2

1
n5

f(x) = 0
2

ee5 x–x




f(x) is increasing

Area in second quadrant = dx
2

e–e5
0

5n
2

1
–

x–x

 















=

0

5n
2

1
–

x–x

2

ee5






= 3 – 5

Area by lines x + y = 2, x +y = – 5n
2

1
 ,

y = f(x) and y = f(x) is 2(3 – 5 ) +
2

1
. 2.2 +









5n

2

1

2

1
 








5n

2

1


=
2)5n(

8

1
52–8 

Comprehension # 2 (Q. No. 12 to 14)
Q.12 (B)

Q.13 (C)
Q.14 (D)
(12, 13 & 14)

3 – 42 + 8 = 




2

2 dx))x(f–2x(

32 – 8= 2 + 2 – f()

f(x) = – 2x2 + 8x + 2

Area =  

1

0

2 dx)2x8x2(– =
3

16

Sum of roots = p + q = 4

Area =

7/2
2

1

(–2x 8x 2 – x – 2)dx  +

4
2

7/2

(x 2 2x – 8x – 2)dx 

=
12

79

Q.15 (A)  (q), (B)  (s), (C)  (p), (D)  (r)

(A) 
2

1

3dxx =

2

1

4

4

x














4

15


(B)  

4

0

2 dx)xx4( =

4

0

3
2

3

x
x2














 =

3

32

(C)
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A =  

1

0

2 dx)xx(2 =

1

0

32

3

x

2

x
2
















= 









3

1

2

1
2 =

3

1

(D) A =  

2

1

23

1

0

32 dx)xx(dx)xx(

=

2

1

34
1

0

43

3

x

4

x

4

x

3

x




























 =

2

3

Q.16 (A)  (s), (B)  (s), (C)  (q), (D)  (p)

(A) 3xx4y0 2 

at y = 0, x2 – 4x + 3 = 0  x = 1, x = 3

A =  

3

1

2 dx)3xx4( =
3

4

(B) 8x = 4x2

intersection point (0,0), (2,4)

A =  














4

0

2

dy
8

y

2

y
=

4

0

32

24

y

4

y













 =

3

8
4  =

3

4

(C) Required area =










2

1
.

2

1
.

2

1
4 =

2

1

(D)

A = 3

32

3

y
y4dy)y4(

2

2

32

2

2 


















Q.17 A  R; B  S; C  P; D  Q

(A) y2 =
1

3
(x + 9)

(–9,0)

(–6, 1)
y = 1

1 2
0

(3y 9 b)dy


  + |area of rectangle|

2 + 6 = 8, square unit

(B) f(x) = a x + bx

4

0
a x b(x)dx

4
3 /2 2

0

ax bx

3 /2 2
 = 8

16a + 24b = 24 ...(1)

a + b = 2 ...(2)
from (1) & (2)
b = – 1, a = 3

Then value 2a + b = 6 – 1 = 5

(C)
n / 4 2 2

0
cos x sin xdx

+
3n / 4 2 2
n / 4

sin x cos x dx
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+
n 2 2

3n / 4
cos x sin x dx = 1

(D)
16 /m

0
4 x mxdx

16 /m
3 /2 2

0

4x mx 2

3 /2 2 3

 
  

  

m = 4

NUMERICAL VALUE BASED

Q.1. [1]

y = mx + 2  x =
y 2

m

 
 
 

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

x = 2y – y2 .......(2)

(y – 1)2 = – (x –1) vertex (1, 1)

From (1) and (2)
y 2

m


= 2y – y2

 my2 + (1 – 2m) y – 2 = 0  =
2

m


 = 2,
1

m
  

Area =    2
2

1/m

y 2
2y y dy

m

 
  

 


22 3 2

1/m

9 2y y 1 y 2y

2 2 3 m 2 m


 
    
 

 3 2

9 4 2 1 1

2 3 m 6m m

 
    
 

m = 1 satisfy the equation  m = 1

Q.2 [64]

Clearly required area

=  
0

2

4

16 x dx


 +  
4

2

0

x 4 dx

=

0 43 3

–4 0

x (x – 4)
16x

3 3

 
  

 

(–4, 0)

(0,16)

(0,0)O (4, 0)
x

y

= 64 –
64 64

3 3
 = 64 square units. Ans.

Q.3 [4]

Area of rectangle PQRS =
3

2 2
2 2

  
    

 

y

x

( , 2)

x =

2

x=  x =

2

x= 2O(0,0)

A1 A2

A1
A2

P Q

RS

= a + b (Given)

So, a = 2, b = 0.
Hence (a2 + b2) = 4.

Alternatively :
As graph of f(x) is symmetrical with respective to

the line x = , so required area = 2A, where

2

0

2

A sin x dx f (x)dx







  

 
2

0

2

sin x dx 2 f ( x) dx







    


2

A 1 2 f ( x) dx
2
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Put,  – x = t and 2 – x = t, so

0

2

A 1 f (t) dt


     = 1 +  – 1 = 

So, required area = 2A = 2 a + b (Given)  a =

2, b = 0
Hence (a2 + b2) = 2.

Q.4 [9]
y = 2x – x2

dy

dx
= 2 – 2x = 0  x = 1

solving y = 2x – x2 and y = – x , we have

– x = 2x – x2  x2 – 3x = 0  x = 0 or 3

A =  
3

2

0

2x x ( x) dx     =  
3

2

0

3x x dx

=

32 3

0

3x x

2 3


 


=

27 9
9

2 2
  = A  2A = 9 sq.

unit

Q.5 [4] sq. units

y = 1 + x2 
dy

dx
= 2x

Hence m = –
1

1

2x (m = slope of normal at

x1, y1 )

 x1 =
1

2m


=

1

2
; y1 = 1 + 2

1

4m
=

5

4

equation of normal y – 2

1
1

4m

 
 

 
= m

1
x

2m

 
 

 

put m = – 1, we get y –
5

4
= –

1
x

2

 
 

 

x + y =
5

4
+

1

2
=

7

4
....(1)

A =

2

1

x

2

x

7
x (1 x ) dx

4

 
   

 
 =

2

1

x

2

x

3
x x dx

4

 
  

 


now 1 + x2 = – x +
7

4

4x2 + 4x – 3 = 0  x = –
3

2
and x =

1

2

 A =

1 2

2

3 2

3
x x dx

4


 
  

 


simplifying A =
4

3
sq. units = A  3A = 4 Ans.

Q.6 [19]
Let z = x + iy

Re(z + 1) = | z – 1 |

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

(x + 1)2 = (x – 1)2 + y2  y2 = 4x ....(1)

again  )iyx)(i1(Re  = 1

x – y = 1  y = x – 1

....(2)

Area =

2

1

y 2

y

y
(y 1) dy

4

 
  

 
 .....(1)

wherey1 and y2 are the roots of the equation

y2 = 4(1 + y)  y2 – 4y – 4 = 0  y1 + y2 = 4 and

y1y2 = 4
(1) gives,

A =

2

1

y2 3

y

y y
y

2 12

 
  

 

= (y2 – y1)

2 2
1 2 2 1 1 2y y y y y y

1
2 12
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S(1,0)
y1

y2

x

y

O

A =

2
22 1 1 2

2 1 1 2

(y y ) y y
3 (y y ) 4y y

12

  
   

 

=
16 4

3 16 20
12

 
  

 
=  16

4 2
12

=
16 2

3
=

8 8

3

Hence Minimum value of (a + b + c) = 8 + 8 +3 = 19
Ans.

Q.7 [1]
Area between x = 3y – y2 and x + y = 3

A =    
3

2

1

3y y 3 y dy  

= 4 ·

32 3

1

y y
3y

2 3


  


= (2 · 9 – 9 – 9) –

1
2 3

3

 
  

 

(0,3)

(3,0)O

x+y=3

x = 3y – y2

x

y

(0,1)

(0,2)

(2,1)
y=1

A =
3

4
.

Now area bounded by f(x) above the x-axis is =

 
1

2

0

1
x x dx

6
  , hence a < 0 (think)

Given,  



a1

0

2 dx)xa()xx( =
4

3

Solving
1

6
(1 – a)3 =

4

3

a1x

0xbut

a1xx
0x)1a(x

axxx

2

1

21

2

2










:Note

11/2
O

x

y
f(x) = x – x

2

g(x)=ax

(1 – a)3 = 8

1 – a = 2  a = – 1

 | [a] | = 1. Ans.

Q.8 [0004]
We have y = | cos–1(sinx) | – | sin–1 (cosx) | =

1 1sin (sin x) cos (cos x)
2 2

  
  

=    x 2 2 x
2 2

 
      =

5
x

2


 –

3
x

2


 =

5 3
x x

2 2

    
     

   
= 4 – 2x

1 13
For x , 2 , sin (sin x) x 2 and cos (cos x) 2 x

2
    

        
  

Clearly required area = Area of shaded triangle in
figure

=
1

2 2

 
  
 

=
2 2

4 k

 
 (Given)

Hence k = 4 Ans.

Q.9 [8]

 
2

0

2 dx]x)3x(x[A

2 3
x

y

y=x
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Q.10 [2]

We have A(t) =

t
2

0

sin x dx ; B(t) =
2t sin t

2

 t 0

A(t)
Lim

B(t) =

t
2

0

2t 0

2 sin x dx

Lim
t sin t



=

t
2

0

2t 0
3

2

2 sin x dx

Lim
sin t

t
t




=

t
2

0

3t 0

2 sin x dx

Lim
t



Hence t 0

A(t)
Lim

B(t) =
2

2t 0

2sin t
Lim

3t
=

2

3

x = 2 Ans.

31KVPY
PREVIOUS YEAR’S
Q.1 (A)

1
,

7 2

 
 
 

1
,

4 2

 
 
 

(0,2)

required area =
/4

0

1 1
2 2 . cos xdx

2 42

  
   

  


=
4 2

2
8

 
   

 

Q.2 (C)

   
1 3

0 1

A f x dx f x dx  

=

1
3 2

0

(x 4x 3x)dx  –

3
3 2

1

37
(x 4x 3x)dx

12
  

Q.3 (B)
0 1

2
1 1/ 4 0

A 2 4x 1dx 2 1 x dx


    

A1

Solve A
1

=
1

3 2




A
2

= (1)2 – A
1

=
1

2 3




|A
1

– A
2
| =

2

3

Q.4 (B)

Q.5 (B)

x sin x
y e

x
  and

2sin x x
y

x 2
 

Area =

22 2 3
x x

11

sin x x sin x x
e dx e

x 2 x 6

   
             



= e2 –
4

3
– e +

1

6
= e2 – e –

7

6

Q.6 (C)

x

C

1

1

O

y

|A1| =
1

4 2




|A2| =
1

4 2




x + y = 1
3 3

O 1
x

|A3| > |A2|
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Q.7 (A)

O 1
x

1

y

x2 + y2  1 and x, y  [0, 1]

1

0

f (x)dx
4


  area =

4



 y = 21 x



1/ 2

2

1/2

f (x)
dx

1 x =

1/ 2
1/ 2

1

2 1/2
1/2

dx
sin x

1 x






=
4 6 12

  
 

JEE-MAIN

PREVIOUS YEAR’S

Q.1 [64]

4



5

4



A =

5

4

4




 (sinx – cosx) dx =  5 4

4
cos x sin x




 

= –
5

cos sin cos sin
4 4 4 4

     
     
  

= –
1 1 1 1

2 2 2 2

    
       
    

=
4

2
= 2 2

 A4 = (2 2 )4 = 64

Q.2 (2)

Required area

= 2

3
2 2

0

(2x 9 5x )dx 

= 2

3
2

0

(9 3x )dx

=2
32

0
9 3x = 12 3

Q.3 [4]

–1 3
x

(1, 2)

Area =
1

2
× 4 × 2 = 4

Q.4 [9.00]

Let f(x) =
4

sin x
+

1

1 sin x

y =
4 3sin x

sin x(1 sin x)





Let sin x = t when t  (0,1)

y = 2

4 3t

t t





dy

dt
=

2

2 2

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

(t t )

    


= 0

3t2 – 3t – (4 – 11t + 6t2) = 0

 3t2 – 8t + 4 = 0

 3t2 – 6t – 2t + 4 = 0
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–1 2
sin ,9

3

 
 
 

 t =
2

3

  9

least  is equal to 9

Q.5 (3)

The curves intersect at points (3,  3 3 )

y

6
y2= 9x

x
O

Q

P

63

Required area

= r2 –2

3 6
2

0 0

9x dx 36 x dx
 

  
  
 

= 36– 12 3 – 2

6

2 1

3

x x
36 x 18sin

2 6
  

   
 

= 36 – 12 3 –2
9 3

9 3
2

  
      

  
= 24 – 3 3

Q.6 (1)

A
1
+A

2
=

/2
/2

0

0

cos x.dx sin x | 1


 

3


2O

A1

A2



2



A
1
=    

/4

/4
0

0

cos x sin x dx sin x cos x | 2 1



    

  2A 1 2 1 2 2    


 

1

2

A 2 1
1: 2

A 2 2 1


 



Q.7 [2]
f(–1)=3>0
f(–2)=–64+80–80+40–20+10
= –34<0
 At least one root in (–2,–1)
f(x)=10(x4+2x3+3x2+2x+1)

2
2

1 1
10 x 2 x 3

xx

  
      

  

2
1 1

10 x 2 x 1
x x

    
             

2
1

10 x 1 0;
x

  
     

  
x R 

 Exactly one real root in (–2,–1)

Q.8 [2]

dy

dx
= 2 (x1)

1+ 1–C

 dy = 2(x  1)dx

 y(x) = x2 + 2x + C

Area =
4 8

3

1 1 C  







 C = 1

 (x) = x2 + 2x  1, (1) = 2
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Q.9 (1)

    


 
2

f(x) 3 n(x 1) 3 n(x 1)
x 1

  
   2

3 3 2
f '(x)

x 1 x 1 (x 1)




 2

4(2x 1)
f '(x)

(x 1) (x 1)

f ‘(x) 0


 

     
 

1
x ( , 1) ,1 (1, )

2

Q.10 [41]
f : [–3, 1]  R

f(x) =

2

2

min (x 6), x , 3 x 0

max x, x , 0 x 1

    



 


x 2

x+6

10–3 –2

x2

x

area bounded by y = f(x) and x-axis

=



 

    
2 0 1

2

3 2 0

(x 6)dx x dx x dx

A =
41

6
6A = 41

Q.11 (3)
4y2 = x2(4 – x)(x – 2)

  
x

y (4 x)(x 2)
2

   1

x
y (4 x)(x 2)

2

and


  2

x
y (4 x)(x 2)

2
D : x [2, 4]
Required Area

=     
4 4

1 2

2 2

(y y ) dx x (4 x)(x 2) dx ...(1)

Applying    
b b

a a

ƒ(x)dx ƒ(a b x)dx

Area =   
4

2

(6 x) (4 x)(x 2) dx ...(2)

(1) + (2)

  
4

2

2A 6 (4 x)(x 2) dx

  
4

2

2

A 3 1 (x 3) dx

 
 2 3

A 3. .1
2 2

Q.12 [4]

xdy ydx  2 2x y dx




 
2

2 2

xdy ydx 1 y
1 dx

xx x



 
 
  
 

  
 

 2

y
d

dxx
xy

1
x


  

  
 

1 y
sin n x c

x
at x = 1, y = 0 c = 0
y = xsin(lnx)

A =




e

1

xsin(lnx)dx

x = et, dx = etdt 




0

e2t sin(t) dt = AA

e2 2sin t cos t

   
  

 

2t 2

0

e 1 e

5 5


1
5


1
5
so 10(+ ) = 4

Q.13 [2]

Q.14 (4)

Q.15 (2)

Q.16 (3)

Q.17 (1)

Q.18 [26]

Q.19 [114]
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Q.20 [27]

Q.21 (2)

JEE-ADVANCED

PREVIOUS YEAR’S

Q.1 (ABD)

I = 
1

0

x– dxe
2

–x2  0
2x–e  1


1

0

x– dxe
2

 1

x2  x  –x2  – x 
2x–e  e–x

 I  
1

0

x– dxe

  10x–e–

 







1–

e

1
–

I  1 –
e

1
 (B) is correct

Since If I  1 –
e

1
 I >

e

1

 (A) is correct

I <
2

1
× 1 +

e

1
× (1 –

2

1
)

So Ans. D
[Hence Answers are A, B and D]

Q.2 (B)
Given S y = sin x + cos x x  [0, /2]

dx

dy
= cos x – sin x

y = |cos x – sin x| =










]2/,4/[xxcos–xsin

]4/,0[xxsin–xcos

required area =

    








2/

4/

4/

0

dx|xcos2|dxxsin–xcos–xcosxsin

= 








2/

4/

4/

0

dx|xcos2|dx|xsin2| =

    2/
4/

4/
0 xsin2xcos–2





 =

2 









2

1
–11

2

1
–

= 2 








2

2
–2

=  2–22

= 4 – 22

=  1–222

Q.3 (AC)
It may be discontinuous at x = a or x = b

–x a
lim


g(x) = 0

x a
lim


g(x) =

x

x a
a

lim f(t)dt
  =

a

a

f(t)dt = 0

g(a) =
a

a

f(t)dt = 0

Similarly at x = b we will get continuous
So g(x) is continuous  x  R
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g(x) =

0 x a

f(x) a x b

0 x b




 
 

g(a–) = 0 g(b–) = f(b)
g(a+) = f(a) g(b+) = 0
Since f(x) co-domain is [1, ) f(a) & f(b)
can never be zero.
Hence it is non derivable at x = a & x = b.

Q.4 (AC)
y = x3

 
1

3

0

1 1 1

2 4 4
x x dx   

 3

0

1

8
x x dx



 

42 – 24 = 1
24 – 42 + 1 = 0
2t2 – 4t + 1 = 0 (taking t = 2)

4 16 8

4
t

 


4 2 2

4
t




1
1

2
t    


1 1

1 1
22

      

Q.5 (B,C)

f(x) = 1 – 2x +
x

x t

0

e f (t)dt



 e–x f(x) = e–x (1 – 2x) +
x

t

0

e f (t)dt



Differentiate w.r.t. x.

– e–x f(x) + e–x f '(x) = – e–x (1 – 2x) + e–

x (–2) + e–x f(x)

 –f(x) + f '(x) = – (1 – 2x) – 2 + f(x).

f'(x) – 2f(x) = 2x – 3

Integrating factor = e–2x.

f(x).e–2x = 2xe (2x 3)dx 

= (2x – 3) 2xe dx   2x(2) e dx dx

 

=
2x 2x(2x 3)e e

c
2 2

 
 



f(x) = 2x2x 3 1
ce

2 2


 



f(0) =
3 1

c 1
2 2
    c = 0

 f(x) = 1 – x

Area =
1

4 2


 =

2

4

 

Q.6 [4]

Area =
1

n

0

3
(x x )dx

10
 

12 x 1

0

x x 3

2 n 1 10

 
   

1 1 3

2 n 1 10
 


 n + 1 = 5

 n = 4

Q.7 (B)

Y

O

1

X

For intersection,
8

y
= y  y = 4

Hence, required area =
4

1

8
y dy

y
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=
4

3/2

1

2
8 n y y

3

 
  

 = 16n2 –
14

3

Remark : The question should contain the
phrase “area of the bounded region in the first
quadrant”. Because, in the 2nd quadrant, the
region above the line y = 1 and below y = x2,
satisfies the region, which is unbounded.

Q.8 (A)
Here,

  x 1 1 x

0 x 1
f x

e e x 1 


 

 

& g(x)  x 1 1 x1
e e

2
  

0

y y=g(x)

y=f(x)

1 x 1 n 3 
x

solve f(x) & g(x)  x 1 n 3  

So bounded area =

     
1 1 n 3

x 1 1 x x 1 1 x x 1 1 x

0 1

1 1
e e dx e e e e dx

2 2


          



1 n 3
1x 1 1 x x 1 1 x

0
1

1 1 3
e e e _ e

2 2 2



    
        



1 1 3 3 1 1
e 2 2 3 e

2 e 2 2 2 e
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ELEMENTRY

Q.1 (1)
Given differential equation can be written as

2 2
2 2 2 2dy dy dy

y x 2xy. a b
dx dx dx

   
      

   

Hence it is of 1st order and 2nd degree differential
equation.

Q.2 (2)

3/4 1/32 2

2

dy d y
1

dx dx

    
            



9 42 2

2

dy d y
1

dx dx

    
            

Clearly, degree is 4.

Q.3 (3)

Let
dy

y 4sin3x 12cos3x
dx

  


2

2

d y
36sin3x 9 4sin3x 9y

dx
      


2

2

d y
9y 0

dx
 

Q.4 (1)

y Asin x Bcos x  
dy

Acos x Bsin x
dx

 


2

2

d y
Asin x Bcos x

dx
   (Asin x Bcos x) y    


2

2

d y
y 0

dx
  is the required differential equation.

Q.5 (2)

Given equation y a cos(x b) 

Differentiate it w.r.t. x we get
dy

a sin(x b)
dx

  

Again
2

2

d y
a cos(x b) y

dx
     or

2

2

d y
y 0

dx
  .

Differential Equation

Q.6 (1)

2x y a (On differentiating)

2 2dy d
x y (x ) 0

dx dx
  

2 dy
x 2xy 0

dx
 


dy 2y

0
dx x

 

Q.7 (1)
It can be written in the form of

2 x

x

sec y e
dy 3 dx

tan y 1 e
 



2 x

x

sec y e
dy 3 dx

tan y 1 e
 

 

 xlog(tan y) 3log(1 e ) logc  

 x 3tan y c(1 e ) 

Q.8 (2)

dy cos x sin x

dx sin x cos x


 




cos x sin x

dy dx
sin x cos x

 
  

 
On integrating both sides, we get

 y log(sin x cos x) logc   


c

y log
sin x cos x

 
  

 

 ye (sin x cosx) c  .

Q.9 (4)

2dy
(1 x)(1 y )

dx
    2

dy
(1 x)dx

1 y
 



On integrating both sides, we get

2
1 x

tan y x c
2

    

2x
y tan x c

2

 
    

 

Q.10 (2)

dy
xsec y 1

dx
 

dx
sec ydy

x


On integrating both sides, we get

log(sec y tan y) log x logc  

 sec y tan y cx  .

EXERCISES
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Differential Equation

Q.11 (1)

2

dy 1

dx 1 x
 




2

1
dy dx

1 x
 



On integrating, we get
1y cos x c 

 1y sin x c
2


   

1y sin x c 

Q.12 (3)

Let x y v  and
dy dv

1 ,
dx dx

  thus the equation

reduces to
dv v 2

dx 2v 5







2v 5
dv dx

v 2




 


1

2 dv dx
(v 2)

 
   

 

 2v log(v 2) x c   

2(x y) log(x y 2) x c     

Q.13 (1)

Given equation is,

2 2(x 1 y )dx (y 1 x )dy 0   

 2 2x 1 y dx y 1 x dy   

 2 2

x y
dx dy c

1 x 1 y
 

 
 

 2 21 x 1 y c   

Q.14 (3)

Put x y v  and
dy dv

1
dx dx

 


2dv

v 1
dx

   2

dv
dx

v 1




On integrating, we get

1tan v x c   or

v tan(x c)   x y tan(x c)  

Q.15 (2)

Given
dy

sin a
dx

 ; 1dy sin a dx

Integrating both

sides, 1dy sin a dx 

1y xsin a c  and y(0) 0 c 1   , c 1 

1y xsin a 1   
y 1

a sin
x


 .

Q.16 (4)

Put x y v  
dy dv

1
dx dx

  
dy dv

1
dx dx

 


2 2dv

v 1 a
dx

 
  

 


2 2 2

2 2

dv a a v
1

dx v v


   

2

2 2

v
dv dx

a v






2

2 2

a
1 dv dx

a v

 
    


1 v

v a tan x c
a

  


1 x y

y a tan
a

  
  

 
+ c.

Q.17 (1)

2dy x log x x

dx sin y ycos y





.

Separating the variables and integrating

2(sin y ycos y)dy (x log x x)dx   
 cos y ysin y cos y  

2 2
2

2

x x 1
log x . .2xdx x dx c

2 2 x
    


2x

ysin y 2log x x dx xdx c
2

    

 2ysin y x log x c 

Q.18 (1)

dy
tan y sin(x y) sin(x y)

dx
   

dy
(tan y) 2sin x cos y

dx
  2

sin y
dy 2sin xdx

cos y


 2

sin y
dy 2 sin xdx

cos y
  

1
2cos x c

cos y
  

sec y 2cos x c 

Q.19 (4)
It is homogeneous equation

2 2dy x 3y

dx 2xy
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Differential Equation

Put y vx and
dy dv

v x
dx dx

 

So, we get
2dv 1 v

x
dx 2v




 2

2vdv dx

x1 v




On integrating, we get 2 2 3x y px 

Q.20 (1)

dy x

dx 2y x



. Put y vx 

dv dy
v x

dx dx
 

dv x 1
v x

dx 2v x 2v 1
  

 

2dv 1 1 2v v (v 1)(2v 1)
x v

dx 2v 1 2v 1 2v 1

   
    

  

(2v 1) dx

(2v 1)(v 1) x

 


 
;

1 4 dx

3(v 1) 3(2v 1) x


 

 


1 4 1 1

log(v 1) . log(2v 1) log logc
3 3 2 x

    


1/3 2/3 c

log(v 1) log(2v 1) log
x

   


1/3 2/ 3 c

(v 1) (2v 1)
x

  



2 3

3

y x 2y x c

x x x

    
   

   
 2(x y)(x 2y) c  

Q.21 (1)

Given
dy y y

log 1
dx x x

 
  

 

Put y vx 
dy dv

v x.
dx dx

 

dv
v x. v(log v 1)

dx
   

dv
v x vlog v v

dx
   

dv
x vlog v

dx



dv dx

vlog v x


Integrating both sides,
dv dx

vlog v x
 

log log v log x logc   log v xc

 log(y / x) x c .

Q.22 (1)

32 2 xydx xdy 3x y e dx 0  


32 x

2

ydx xdy
3x e dx 0

y


 


3xx

d de 0
y

 
  

 

On integrating, we get
3xx

e c
y
 

Q.23 (2)

3 2xdx y dx 3xy dy 0  

Put 3y t  2dt 3y dy

x dx tdx xdt 0    xdx xdt tdx 0  


dx t

d 0
x x

 
  

 

On integration, we get
t

log x k
x

 


3y

log x k
x

 

Q.24 (1)

x/y x/y 3ye dx (xe y )dy 0   

 x/y 3e (ydx xdy) y dy  


x/y

2

(ydx xdy)
e ydy

y

 



x/y x

e d ydy
y

  
 

 
. Integrating both sides, we get


2

x/y y
k e

2
  

2
x/yy

e k
2

 

Q.25 (2)

2 1(1 y )dx (tan y x)dy 0   



2

1

dy 1 y

dx tan y x








1

2 2

dx tan y x

dy 1 y 1 y



 
 



1

2 2

dx x tan y

dy 1 y 1 y
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Differential Equation

This is equation of the form

dx
Px Q

dy
 

So, I.F. 12

1
.dy

Pdy tan y1 ye e e


  
.

Q.26 (1)

The given equation
2dy y

x
dx x

  is of the form

dy
Py Q

dx
  . So, I.F.=

1
dx

log xxe e x


 

Hence required solution 2xy x.x dx c 


4x

xy c
4

   44xy x c  .

Q.27 (2)

dy
x 3y x

dx
  

dy 3y
1

dx x
 

It is in the form of
dy

Py Q
dx

 

So, I.F.
1

dxPdx 3 3log x 3xe e e x
   

Hence required solution is

2 xy x 2x 2 ce    
4

3 x
yx c

4
  .

Q.28 (1)

2 dy
y x

dx
  

2dy
y x

dx
 

This is the linear differential equation in y, where

2P 1,Q x  

I.F. P.dxe dx xe e  

Hence solution, y.(I.F). Q.(I.F)dx c 

 x 2 x x xye x e 2xe 2e c       

 2 xy x 2x 2 ce    .

Q.29 (1) 2

dy 2xy

dx (x 1)





 2

dy 2x
dx

y x 1
 



On integrating, we get

2log y log(1 x ) logc     2y(1 x ) c 

Since curve passes through (1, 2), we have

2c 2(1 1 )   c 4

Hence solution is 2y(x 1) 4  .

Q.30 (1)

Slope
dy

dx


 2

dy y 1

dx x x





 2

dy dx

y 1 x x


 


1 1 1

dy dx c
y 1 x x 1

 
   

  
 


(y 1)(x 1)

k
x

 


Putting x 1 , y 0 we get k 2 

Hence the equation is (y 1)(x 1) 2x 0    .

JEE-MAIN
OBJECTIVE QUESTIONS
Q.1 (1)

2

2

2

dx

yd













r2 =

3

dx

dy
1 










order : 2
degree : 2

Q.2 (4)
y = k

1
sin (x + C

3
) – k

2
ex

k
1

: C
1

+ C
2

; k
2

= c
4

5Ce

order : 3

Q.3 (1)
tangent to x2 = 4y

x = my +
m

1

m =
dx

dy
 x = y 









dx

dy
+ )dx/dy(

1

 x 








dx

dy
= y

2

dx

dy








+ 1

 order = 1
degree = 2

Q.4 (4)

y2

2

2

2

dx

yd













+ x2y2 – sinx = – 3x

3/1

dx

dy









3

22

2

2

2
2 xsin–yx

dx

yd
y





























= – 9x3 









dx

dy

here order = 2 = p

Degree = 6 = q
 p < q
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Differential Equation

Q.5 (1)

y = Ax + A3 
dx

dy
= AA

y = x
dx

dy
+

3

dx

dy









Degree = 3

Q.6 (4)

3/2

dx

dy
31 








 = 4 3

3

dx

yd

2

dx

dy3
1 








 =

3

3

3

dx

yd
4















order = 3

Degree = 3

Q.7 (2)

y2 = 4ax + k

2y
dx

dy
= 4a

2y 2

2

dx

yd
+ 2

2

dx

dy








= 0

degree = 1
order = 2

Q.8 (3)

3/1

dx

dy








= 4 2

2

dx

yd
+ 7x










dx

dy
=

3

2

2

x7
dx

yd
4
















order =2 = a
degree = 3 = b

a + b = 5

Q.9 (2)

ax2 + 2hxy + by2 = 1
order : 3

Q.10 (2)
Ax2 + By2 = 1
2Ax + 2Byy = 0

Ax + Byy = 0 
B

A
=

yy

x

 

A + B (y)2 + Byy’’= 0

B

A
+

2

dx

dy








+ y 2

2

dx

yd
= 0

x

y

dx

dy
+

2

dx

dy








+ y 2

2

dx

yd
= 0

Order = 2
Degree = 1

Q.11 (3)
y = emx

D3y – 3D2y – 4 Dy + 12 y = 0

m3 emx – 3m2 emx – 4memx + 12 emx = 0
m3 – 3m2 – 4m + 12 = 0
m2 (m – 3) – 4 (m – 3) = 0

m = 3, 2, – 2
Two Natural number of m possible

Q.12 (4)
y = mx + c
y = m

D2y – 3Dy – 4y = – 4x
0 – 3m – 4 (mx + c) = – 4x
–3m –4mx – 4C = – 4x

– 4m = – 4  m = 1

–3m – 4C = 0  4C = – 3m  C = –
4

3

Q.13 (3)

dx

dy
= e–2y 

2

e y2

= x + c

y = 0, x = 5  c = –
2

9

y(x
0
) = 3


2

e6

= x
0

–
2

9
 x

0
=

2

9e6 

Q.14 (3)
Let equation of St. Line

Y – y = m(X – x)

Distance from origin 
2m1

y–mx


= 1

 (mx – y)2 = 1 + m2

2

x
dx

dy
–y 








= 1 +

2

dx

dy









Q.15 (1)

y = 22

22

yx

yx
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Differential Equation

y
(1,2)

=
41

41




=

3

5

Q.16 (2)
y = a + bx + ce–x

y = b – ce–x

y = ce–x

y = –ce–x

y = – y y + y = 0

Q.17 (1)

(x – h)2 + (y – k)2 = a2

(x – h) + (y – k) y = 0 y =
(x h)

(y k)

 



1 + (y – k) y + (y)2 = 0 y = 3

2

)ky(

a





(1) option satisfy the given conditions

Q.18 (3)
y = e(k + 1)x

y = (k + 1)e(k + 1)x

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

2

2

dx

yd
– 4

dx

dy
+ 4y = 0

(k + 1)2 – 4 (k + 1) + 4= 0
k2 + 2k + 1 – 4k = 0
(k – 1)2 = 0

k = 1

Q.19 (1)

x2 + y2 – 2ay = 0 a =
y2

)yx( 22 

2x + 2yy – 2ay = 0

x + yy – 











 

y2

yx 22

y = 0

x + y

2 2y x

2y

 
 
 
 

= 0

2xy + y (y2 – x2) =0
y (x2 – y2) = 2xy

Q.20 (3)

dx

dy
– ky = 0, y

dy
= kdx

ny = kx + c

at x = 0, y = 1 C = 0

Now ny = kx

y = ekx

x
Lim y =

x
Lim ekx = 0

 k < 0

Q.21 (2)

L
SN

= y
dx

dy

y
dx

dy
= c


2

y2

= Cx + C
2

Q.22 (2)

dx

dy
= 1 + x + y + xy = (1 + x) (1 + y)

   y1

dy
=   dx)x1(

 n(1 + y) = x +
2

x2

+ c

y(–1) = 0  c =
2

1

n(1 + y) = x +
2

x2

+
2

1
=

2

)x1( 2

 y = 2

2)x1(

e



– 1

Q.23 (2)

x dy = y dx

y

dy


x

dx
 n y – n x = c

y = kx
 straight line passing through origin

Q.24 (2)
ydy = (1 – x) dx

2

y2

= x –
2

x2

+ C

x2 + y2 – 2x – C = 0

Q.25 (1)

yny + xy = 0

yny + x
dx

dy
= 0 

x

dx
+

nyy

dy


= 0

nx + n (ny) = nC
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Differential Equation

x(ny) = C
y(1) = e
ne = C C = 1 x (ny) = 1

Q.26 (2)

dx

dy
= 100 – y

–n (100 – y) = x + C ; y (0) = 50
–n (100 – y) = x – n 50  C = – n 50

n 






 

50

y100
= – x

100 – y = 50 e–x

y = 100 – 50 e–x

Q.27 (2)
(x) = (x) (1) = 2

dx

d
= 

n (x) = x + c
n 2 = 1 + c  c = n2 – 1
n(3) = 3 + c = 2 + n2

 (3) = 2e2

Q.28 (2)

dx

dy
=

x

y

















1

x

y
n

Put y = tx 
dx

dy
= t + x

dx

dt

t + x
dx

dt
= t (nt + 1)

x
dx

dt
= t n t

ntt

dt


–

x

dx
= 0

n (n t) – n x = C

x

nt
= k

nt = kx










x

y
n = kx

Q.29 (4)
ydx + xdy + x (xy) dy = 0

Let xy = t x =
y

t

xdy + ydx = dt

dt + 








y

t
t dy = 0

2t

dt
+

y

dy
= 0 

t

1
 + ny = C

xy

1
+ ny = C

Q.30 (1)

m

K

dt

dv
 v = – g

Integrating factor (.F.) =
t

m

K
dt

m

k

ee 


V
t

m

K

e = – 
m/t·Keg

V
t

m

K

e = ce
K

gm– t
m

K



V = C ·
t

m

K–

e –
K

mg

Q.31 (3)

(2x – 10y3)
dx

dy
+ y = 0

dx

dy
=

x2y10

y
3 


dy

dx
=

y

x2y10 3 

dy

dx
+

y

x2
= 10y2

I.F. =  dy
y

2

e
= y2

x (y2) =  dyy10 4

y2x = 2y5 + C

Q.32 (1)

y’ + y’ – ’ = 0
y’+ ’ (y – ) = 0
dy + ’ (y – ) dx = 0

Let  = t ’ dx = dt
dy + (y – t) dt = 0

dt

dy
+ y = t

I.F. = et

yet = 
tet dt

yet = tet – et + C
y = t – 1 + ce–t

y = (x) – 1 + ce–(x)
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Differential Equation

Q.33 (2)

(1 + y2) dx + (x – ytan 1

e


) dy = 0

dx +
)y1(

dy)ex(
2

ytan 1






= 0

put ytan 1

e


= t 
)y1(

e
2

ytan 1





dy = dt

)y1(

dy
2

=
t

dt

dx + (x – t)
t

dt
= 0

tdx + xdt – tdt = 0
d(xt) – tdt = 0

xt =
2

t2
+ C

x ytan 1

e


=
2

1 ytan2 1

e


+ C

Q.34 (3)

22 yx

xdy


= 22 yx

ydx


– dx

22 yx

ydxxdy




= – dx

2

2

x

y
1

x

ydxxdy













= – dx  2)x/y(1

)x/y(d


= – dx

d (tan–1

x

y
) = – dx  tan–1

x

y
= – x + C

x

y
= tan (C – x)  y = x tan(C – x)

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1 (A)
P(x, y) = ax2 + by2 + 2hxy + 2gx + 2fy + c = 0

dx

dP
= 0  2ax + 2hy + 2 g = 0 ax + hy + g = 0

dy

dP
= 0  2by + 2hx + 2f = 0 by + hx + f = 0

 h = g = f = 0

conic : ax2 + by2 + c = 0

 x2 + 








a

b
y2 +

a

c
= 0

order = 2

Q.2 (C)

dx

dy1 + fy
1

= r

dx

dy2 + fy
2

= r

Add
dx

d
(y

1
+ y

2
) + f(y

1
+ y

2
) = 2r

here
dx

dy
+ f(x)y = 2r

Q.3 (A)

y
1
y

3
= 2

2y3

2

3

y

y
= 3

1

2

y

y
n y

2
= 3n y

1
+ n c

y
2

= cy
1

3

2
1

2

y

y
= cy

1

–
1y

1
= cy + c

2

dy

dx
= – cy – c

2

x = –
2

cy2

– c
2
y + c

3

x = A
1
y2 + A

2
y + A

3

Q.4 (B)

dx

dy
+ x

2

dx

dy








– y = 0

y = 0

x = 0
Two lines will satisfy above equation.

Q.5 (B)

dx

dy
= y – y2    2yy

dy
= dx

  y1

1
+ y

1
dy = x + c  n y1

y

 = x + c

y1

y

 = kex  y = kex – kyex  y = x

x

ke1

ke



x = 0, y = 2; 2 =
k1

k


 2 + 2k = k



163

Differential Equation

 k = –2, y = x

x

e21

e2




 y =

2e

2
x 




x
lim (y(x)) =

x
lim

2e

2
x 


 = 1

Q.6 (C)

dx

dy
= y2

1
 y2 = x + c

 (4, 3) satisfies
 9 = 4 + c  c = 5

 y2 = x + 5

Q.7 (D)


x

0

dt)t(yt = x2 y (x)

Using leibnitz
xy = 2xy + x2y’

y = 2y + xy’
xy’ + y = 0

x
dx

dy
+ y = 0 

y

dy
+

dx

x
= 0

n xy = C

xy = k ; (2, 3) k = 0
xy = 6

Q.8 (A*)
Y – y = m(x – x)

X
int

=
m

y–
+ x = ay

m

y–
= ay – x m =

dx

dy

ay–x

y


dy

dx
=

y

ay–x


dy

dx
–

y

x
= – a

Q.9 (D)

dx

dy
+

2

2

x1

y1




= 0


 2y1

dy
= 





2x1

dx

 – sin–1 y = sin–1 x + c
sin–1 x + sin–1 y = c

Q.10 (A)


x

0

dt)t(yt = x2 + y(x)

xy(x) = 2x + y(x) ; y(a) = – a2

x (y – 2) = y’

xdx =
y'

y 2

2

x2

= n (y – 2) + C

y – 2 =













c

2

x2

e

c =
2

a2

– n (– a2 – 2)

y = 2 – (a2 + 2) 2

ax 22

e



Q.11 (A)

Y – y =
dx

dy


(X – x)

0 – y =
dy

dx
(1 – x)

Common Target
x = 0

ydy = (1 – x) dx

2

y2

= x –
2

x2

+ C

passing through (0, 0)
C = 0
x2 + y2 – 2x = 0

y2 = 4x
x = 0  is common target

Q.12 (A)

dx

dy
= sin(10x + 6y)

Put 10x + 6y = t    10 + 6
dx

dy
=

dx

dt

dx

dt
– 10 = 6 sin t 

dt

10 6 sin t
= dx
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Differential Equation























2

t
tan1

2

t
tan2

610

dt

2

= dx

2

t
tan12

2

t
tan1010

dt
2

t
sec

2

2


= dx

put tan
2

t
= z  sec2

2

t
dt = 2dz

z12)z1(10

dz2
2 

= dx

2

dz

5z 6z 5 
= dx  22

5

4

5

3
z

dz




















= 5 dx

4

5
tan–1

5

4
5

3
z 

= 5x + 5k

tan–1

4

3z5 
= 4x + C

(0, 0)  C = tan–1

4

3

tan–1

4

3z5 
– tan–1

4

3
= 4x

4

3

4

3z5
1

4

3

4

3z5








 





= tan 4x 
20z

25 15z
= tan4x

4z = (5 + 3z) tan 4x
z(4 – 3 tan4x) = 5 tan 4x

z =
x4tan34

x4tan5


 tan

2

t
= 









 x4tan34

x4tan5

5x + 3y = tan–1 








 x4tan34

x4tan5

y =
3

1
tan–1 









 x4tan34

x4tan5
–

3

x5

Q.13 (A)

dx

dy
=

x

y
– cos2 









x

y

Put y = tx 
dx

dy
= t + x

dx

dt

t + x
dx

dt
= t – cos2 (t) x

dx

dt
= – cos2 t

sec2 t dt +
x

dx
= 0

tan t + n x = C  tan t = C – n x

tan
x

y
= C – n x 







 

4
,1

C = 1

tan
x

y
= 1 – n x  tan

x

y
= n

x

e

y = x tan–1 








x

e
n

Q.14 (A)

dt)tx(f

1

0
 = n f(x)

let tx = z dt = dz/x

)x(fn
x

dz
.)z(f

x

0
 

 

x

0

)x(fnxdz)z(f use leibnitz to differentiate

f(x) = n f(x) + n x f’(x)

nx f’(x) = (1 – n) f(x)

)x(f

)x('f
= 







 

n

n1

n

1

n f(x) = 






 

n

n1
n x + n c

 f(x) = k .







 

n

n1

x

Q.15 (B)

(i)
dx

dy1
+ f(x) y

1
= 0 f(x) =

1y

1–

dx

dy1

(ii)
dx

dy
–

1y

1

dx

dy1
. y = r(x)

dx
dx

dy

y

1
– 1

1e


=


1

1

y

dy
–

e =
1y

1
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Differential Equation

dx

d









1y

y
=

1y

)x(r


1y

y
= 

1y

dx)x(r

y = y
1 

1y

dx)x(r

Q.16 (B)

ex (x + 1) dx + (yey – xex) dy = 0
Put xex = t ex (x + 1) dx = dt
dt + (yey – t) dy = 0

dt

dy
= yyet

1




dy

dt
= t – eyy

dy

dt
– t = – yey

I.F. = e–y

(xex) (e–y) =
2

y2
+ C ; (0, 0)  C = 0

(xex) (e–y) =
2

y2

2xex + y2ey = 0

Q.17 (B)

y5x + y – x
dx

dy
= 0

x
dx

dy
– y – y5 x = 0

dx

dy
–

x

y
= y5 (LDE)

5y

1

dx

dy
–

xy

1
4 = 1

4y

1
= t  5y

1 dy

dx
= –

4

1

dx

dt

–
4

1

dx

dt
–

x

t
= 1

dx

dt
+

x

t4
= – 4 (LDE)

I.F. =
 dx

x

4

e = x4

x4 . t = –
54 x

5
+ C

4

4

y

x
= –

54 x

5
+ C

5

x5

+
4

1
4

y

x








= k

Q.18 (A)

(y + 3x2y2
3xe )dx = x dy


dx

dy
=

x

exyx3y 322


dx

dy
–

x

y
= y2(3x

3xe )

 2y

1

dx

dy
– xy

1
= 3x

3xe

put – y

1
= t 

dx

dt
+

x

t
= 3x

3xe

I.F. =
 x

dx

e = x

dx

d
(t x) = 3x2

3xe  tx =  dxex3
3x2

 y

x
=

3xe + c

Q.19 (A)

x2

dx

dy
. cos

x

1
– y sin

x

1
= – 1

dx

dy
– 2x

y
tan

x

1
= 2x

1
sec

x

1

I.F. =
2

1 1
tan dx

xxe


= sec
x

1

y 








x

1
sec = 


2x

1
sec2

x

1
dx

y 








x

1
sec = tan

x

1
+ C

C = – 1

y 








x

1
sec = tan

x

1
– 1

y = sin
x

1
– cos

x

1

Q.20 (C)

2xy
dx

dy
= (x2 + y2 + 1)

Put x2 + y2 + 1 = t
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Differential Equation

2x + 2y
dx

dy
=

dx

dt

2x2 + 2xy
dx

dy
= x

dx

dt

x
dx

dt
– 2x2 = t  x

dx

dt
= t + 2x2

dx

dt
–

x

t
= 2x

x

t
= 2x + C  t = 2x2 + Cx

x2 + y2 + 1 = 2x2 + Cx
x2 – y2 + Cx – 1 x = 0

Q.21 (D)

y =
x

n(cx)

y =
2

x
n(x).1

cx
( ncx)




=

2

1
( ncx)

c
( ncx)





dx

dy
=

y

x
+  









y

x

2

1
ncx

c
( ncx)




=

x

y
+  









y

x

2

x 1

y c

x

y



 
 
 

=
x

y
+  









y

x

x

y
– 2

y

x
c

1









=

x

y
+  









y

x

 








y

x
= –

c

1














2

2

x

y

Q.22 (A)
(x3cosy sin2y – 2y sinx) dy – (y2 cosx – x2 sin3y)
dx = 0

3
3 2x

dsin y – sin x dy
3

 
 
 

+ sin3 yd 













3

x3

– y2d sinx =0

3

x3

d sin3y + sin3 yd 













3

x3

– (sinx dy2 + y2 d sinx)

d 












ysin

3

x 3
3

– d(y2 sinx) = 0

3

x3

sin3y – y2sinx = c

Q.23 (A)
x2 dy – y2dx + x2y2 dy – xy3 dy = 0

2y

1
dy – 2x

1
dx + dy –

x

y
dy = 0

d
1 1

x y

 
 

 
=

y x

xy

 
 
 

y dy

1 1
d

x y

1 1

x y

 
 

 
 

 
 

= ydy

 n
1 1

x y

 
 

 
=

2y

2
+ c

n
y x

yx


=

2y

2
+ c

n
y x

yx


=

2y

2
+ c

Q.24 (C)

dy

dt
= k y 

y

0

dy

y =

t

0

k dt

2 y = kt  t =
2 y

k
t = 2 × 2 × 15 = 60 min

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING
Q.1 (C, D)

2

2

dx

yd
+

dx

dy
+ sin y + x2 = 0

Order = 1, Degree = 1

Q.2 (A, D)

2

dx

dy








– 









dx

dy
(ex + e–x) + 1 = 0

dx

dy
=

2

4)ee()ee( 2xxxx  

dx

dy
=

2

)ee()ee( xxxx  
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Differential Equation

+ve
dx

dy
= ex y = ex + C1

–ve
dx

dy
= e–x  y = –e–x + C2

Q.3 (A, C, D)
y = (A + Bx) e3x

y = 3(A + Bx) e3x + Be3x = e3x (3A + B + 3Bx)
y = 3y + Be3x

y= 3y + 3Be3x

By adding something and subtracting it will convert
into

y – 3y = 3y + 3(B + 3A + 3Bx) e3x

– 12 (A + Bx) e3x

y – 3y = 3y + 3y – 12 y
y – 6y + 9y = 0
m = – 6, n = 9

Q.4 (B, C)

(A)
dx

dy
= –c

1
sin x + 2c cos x

2

2

dx

yd
= –c

1
cos x – 2c sin x = 2 – y

2

2

dx

yd
+ y + 2 = 0

(B)
dx

dy
= cos x

2

x
tan2

2/xsec2

– sin x n 








2

x
tan

dx

dy
= cot x – sin x n 









2

x
tan

2

2

dx

yd

= –cosec2 x – 

















2

x
tannxcos

xsin

1
.xsin 

2

2

dx

yd
= –cot2 x – 2 – cos x n 









2

x
tan

2

2

dx

yd
+ y + cot2 x = 0

(C)
dx

dy
= –c

1
sin x + c

2
cos x +

dx

d


















2

x
tannxcos 

2

2

dx

yd
= –(c

1
cos x + c

2
sin x) + 2

2

dx

d

















2

x
tannxcos 

2

2

dx

yd
= – c

1
cos x – c

2
sin x – cot2 x – 2 – cos x n 









2

x
tan

2

2

dx

yd
+ y + cot2 x = 0

Q.5 (A)
y = e–x cos x
y

1
= –e–x cos x – e–x sin x = – e–x (sin x + cosx)

= – 2 e–x (cosx cos
4


+ sinx sin

4


)

y
1

= – 2 e–x cos 






 


4
x

y
2

= + 2 e–x cos 






 


4
x + 2 e–x sin 







 


4
x

= 2 e–x 














 








 

4
–xsin

4
–xcos

= 2 . 2 e–x cos 






 

4
–

4
–x

similarly

=  22 e–x cos 






 

4

2
–x

y
3

= –  32 e–x cos 






 

4

3
–x

y
4

= +   






 

4

4
–xcose2 x–4

= –  42 e–x cosx

y
4

+ 4 y = 0
Similarly

y
8

=   






 

4

8
–xcose2 x–8

=  82 e–x cos (x –

2)
= 16 e–x cosx
y

8
– 16y = 0

Q.6 (A, C, D)
x2 y

1
2 + xy y

1
– 6y2 = 0

It is quadratic equation in y
1

y
1

=
2

2222

x2

xy24yxxy 
= 2x2

xy5xy 

y
1

= –
x

y3
| y

1
=

x

y2

dx

dy
=

x

y3–
|

dx

dy
=

x

y2
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Differential Equation

–
x

dx
3

y

dy
 |

x

y2

dx

dy


– n y = 3 nx + nc | lny = 2 nx + nc
x3y = C
y = cx2

Option (C)

2

1
log y = c + logx

log y = n c
1

+ logx2

y = C
1
x2

Q.7 (A, D)

2y1

dy


+ 2x1

dx


= 0

 tan–1 y + sin–1 x + c = 0

 cot–1

y

1
+ cos–1 2x1 + c = 0

Q.8 (C, D)
y2 + 4y’y + (y’)2 = 0

y’ =
2

y4y16y4 22 

dx

dy
=

2

y32y4 

+ve
y

dy
= (– 2 + 3 ) dx

ny = (–2 + 3 ) x + nC

y = k
x)32(e 

–ve y = k x)32(e 

Q.9 (A, B, C)
Its not asking homogeneous diff. equation
It is asking homogeneous function.
So (A)  (B) (C) (D) ×

Q.10 (A, B)

dx

dy
=

y2

xy4)yx()yx( 2 

+ve
dx

dy
=

y2

)yx()yx( 

dx

dy
= 1  y = x + C

passes through (3, 4)
y – x = 1

–ve
dx

dy
=

y2

)yx()yx( 

dx

dy
=

y

x

 ydy + xdx =0
y2 + x2 = 25

Q.11 (C)
Given DE can be written as

dx

dy
– 







 


)x(f

)x(f
1 y = f(x)

Which is L.D.E.

I.F. = e–x–n f(x) =
)x(f

e x–

General solution

y
)x(f

e x–

=
)x(f

e
)x(f

x–

 dx + c = – e–x + c

 y = – f(x) + cex f(x)

Q.12 (A, D)

dy

dx
= x + y + 1

 dy

dx
– x – y – 1 = 0 I.F. =  dy

e = e–y

 e–y

dy

dx
– xe–y – ye–y – e–y = 0

 
 )xe(d y

= 
  dy)yee( yy

 xe–y = –e–y – ye–y + 
 dye y

 xe–y = –e–y – ye–y – e–y + c
 x = –1 – y – 1 + cey

 x + y + 2 = cey

Q.13 (A,B,D)

dx

dy
+ y cosx = cos x

I.F. =  dxxcos
e = esinx

y esinx=  dxxcose xsin
= esinx + C

y = 1 + ce–sinx ; C = 0 as (0, 1)
y = 1

Q.14 (A, B, C)










dx

dy
= ±

x

a
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orthogonal – dy

dx
= ±

x

a

  dxx =  dya


2/3

x 2/3

= ± ya + c

it can also be written as

y + k = ±
3

2

a3

x 2/3

Q.15 (A, B, C, D)

2

dx

dy








=

x

y


dx

dy
= ±

x

2

Orthogonal Trajectory

dx

dy
= 

2

x

By integrating

y + C = ±
3

x 2/3

or 9(y + C)2 = x3

Comprehension # 1 (Q.no. 16 to 18)

Q.16 (D)

Q.17 (C)

Q.18 (A)
(16 to 18)

x2 + y2 – ax = 0

a =
x

yx 22 

0 = 2

22

x

)yx()'yy2x2(x 

x2 + 2xy y' – y2 = 0
orthogonal curve

x2 –
'y

xy2
– y2 = 0

y' = 22 yx

xy2


... (1)

Put y = vx

v + x
dx

dv
= 2v1

v2



x
dx

dv
= 2v1

v2


– v = 2

3

v1

vv





 3

2

vv

v1




dv =

x

dx

 dv
)v1(v

v2)v1(
2

22






x

dx













2v1

v2

v

1
dv =

x

dx

ln v – ln (1 + v2) = ln x + ln c

ln 








 2v1

v
= ln (cx)

 2v1

v


= cx  22 yx

xy


= cx

 x2 + y2 –
c

y
= 0.

This passes through (1, 1)

 c =
2

1

 C : x2 + y2 – 2y = 0
(i) Since x2 + y2 + 2x + 4y + k = 0 and x2 + y2 –

2y = 0 are orthogonal
 2g1g2 + 2f1f2 = c1 + c2
 k = – 4

(ii) Required area

= 1 –
4



(0, 1) (1, 1)

x = 1

(iii) Let











 


2

1
,Q

2

Slope of tangent at P and Q are same
mPQ = slope of normal at Q
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P

Q

(1, 0)









0,
1
2

–









,
2 – 1

2

(–1, 0)

(0,1)

0

1
2

1
1

2










3 –  = 0  = 0, ±1

Q(1, 0)

PQ = 2 – 1. ]

Comprehension # 2(Q.no. 19 to 21)
Q.19 (B)

2x3dx + 2y3dy – (xy2 dx + x2y dy) = 0

d 













2

x4

+ d 













2

y4

–
2

1
d (x2 y2) = 0

 d (x4 + y4 – x2y2) = 0  x4 + y4 – x2 y2 = c

Q.20 (A)

22 yx

ydxxdy




+ dx = 0  2

2

x

y
1

x

ydxxdy













+ dx = 0


2

x

y
1

x

y
d




















+ dx = 0

 d 
















x

y
tan 1 + dx = 0  tan–1 









x

y
+ x = c

Q.21 (A)
eydx + xeydy – 2ydy = 0
d (xey) – d(y2) = 0
Solution is xey – y2 = c

Comprehension # 3 (Q.no. 22 to 24)
Q.22 (A)
Q.23 (B)
Q.24 (C)
(22 to 24)

D2 – 2D + 1 = 0
(D – 1)2 = 0
Two real and equal roots

1
= 1

y = (C
1
+ C

2
x)ex

D2 + a2 = 0
D = ± ai one pair of imaginary roots  ± i
 = 0 ,  = a
y = (C

1
cos x + C

2
sin x)ex

y = (C
1

cos ax + C
2

sin ax)
D3 – 6D2 + 11D – 6 = 0
 D3 – D2 – 5D2 + 5D + 6D – 6 = 0
 (D – 1) (D2 – 5D + 6) = 0
 (D – 1) (D – 2) (D – 3) = 0
three real and different roots 

1
, 

2
, 

3


1

= 1, 
2

= 2, 
3

= 3
y = C

1
ex + C

2
e2x + c

3
e3x

Q.25 (A) – (r); (B) – (p); (C) – (s); (D) – (q)

(A) 2y

xdyydx 
= dx +

2y

dy
d 









y

x
= dx +

2y

dy


y

x
= x –

y

1
+ k

 x = xy – 1 + ky  (x + 1) (1 – y) = cy

(B) (2x – 10y3)
dx

dy
+ y = 0 

dx

dy
=

x2y10

y
3 

 dy

dx
=

y

x2y10 3 

dy

dx
= 10 y2 – 2 y

x

 dy

dx
+ y

2
x = 10 y2

 xy2 = 10
5

y5

+ c

xy2 = 2y5 + c

(C) sec2 y
dx

dy
+ tan y = 1put tan y = t

sec2 y
dx

dt

dx

dy



dx

dt
= 1 – t

 n (1 – t) = –c x
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 1 – t = e–cx

 t = 1 – e–cx tan y = 1 + ce–x

(D) sin y
dx

dy
= cos y (1 – x cos y)

put cos y = t – sin y
dx

dy
=

dx

dt

 –
dx

dt
= t(1 – tx)  sec y = x + 1 + cex

Q.26 (A) – (p,s); (B)  (q); (C)  (s); (D)  (r)

(A) RV =
2 2 2y

x y 1 m
m

  

m2(x2 + y2) = y2(1 + m2)

m2 =
2

2

y

x
m = ±

y

x


dy y

dx x
 or

dy y

dx x





dy dx

y x
  or

dy dx

y x


 

y = x c1 or y = 2C

x
xy = C2

Straight line Hyperbola
(B) A(0, y – mx)

OA = OP
(y – mx)2 = x2 + m2x2

m =
dy

dx
=

2 2 2y x (y / x) 1

2xy 2(y / x)

 


P(x,y)

y=mx+c

A

O x

Put y = vx


dy

dx
= v + x

dv

dx

 2

2v dv dx

dx xV 1







ln | v2 + 1 | = – ln | x | + ln C


2

2

y

x
+ 1 =

c

x
y2 + x2 = cx circle

(C) RV = 2 2x y = 2y 1 m

x2 + y2 = y2 (1 + m2)
x2 + y2 = y2 + m2 y2

m2 =
2

2

y

x


dy

dx
= ±

y

x

 2

dy dx

y x
  or

dy dx

y x
 

ln y = lnx + ln c or ln y = – ln x + ln c

y = x c or y =
c

x
xy = c

Straight line Hyperbola

(D) B(0, c)
c

A ,0
m

 
 
 

B(0, y – mx)
mx y

A ,0
m

 
 
 

mx y

0,m


+

x

B
= 0

P(x,y)

y=mx+c

y

B

x
A

mx – y + mx = 0

2mn = y 2m =
y

x


2dy y

dn n
 

dy dn
2

y x
 

2 ln y = ln x + ln c
 y2 = x c Parabola

Q.27 (A) – (q), (B) – (r), (C) – (s), (D) – (p)
(A) xdy = ydx + y2 dy

 2y

dxydyx 
= dy  – d 









y

x
= dy

–
y

x
= y + c put x = 1 y = 1  c = –2

–
y

x
= y – 2 

3

x
= –5

(B)
dt

dy
–

1t

t


y =

1t

1
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I.F =
dt

1t

11t

e







=
)1t(nte  

= (t + 1) e–t

solution is (t + 1)e–t y = –e–t + c
put t = 0 and y = – 1  c = 0
 2e–1 y = – e–1

y = –
2

1

(C) (x2 + y2) dy = xy dx

dx

dy
= 22 yx

xy


put y = vx

dx

dy
= v + x

dx

dv

 n v –
2v2

1
= –n x + c

 c = –
2

1

 n
x

y
–

2

2

y

x

2

1
= –n x –

2

1
put y = e

 x = 3 e

(D)
dx

dy
+ 2

x

y
= 0

x2 y = C put x = 1, y = 1 and we get C = 1

put x = 2  y =
4

1

NUMERICAL VALUE BASED

Q.1 [4]

dx

dy
= y + 

1

0

dxy


dx

dy
= y + a let 

1

0

dxy = a


dx

dy
– y – a = 0

I.F. =  dx.1
e = e–x

Now e–x

dx

dy
– ye–x – ae–x = 0

 ye–x + ae–x + c = 0
 y + a + cex = 0

a = 
1

0

dxy = –  

1

0

x dx)cea( = –a(1 – 0) – c
1

0

x )e(

= –a – c(e – 1)

 a =
2

c)e1( 

y + 











 

2

e2)e1( x

c = 0

y = 1; x = 0  c =
3e

2



y(x) = 

















e3

1ee2 x

y 






 

2

e311
n =

e3

1ee311




=

 
e3

e34




= 4

Q.2 [35]
c(y + c)2 = x3 ..... (i)

dffn, w.r.t x

2c(y + c) y= 3x2 .... (ii)

devide equation (i) by square of equation (ii)

4

3

222

2

x9

x

)y()cy(c4

)cy(c






c = 2)y(4

x9



by putting c in equation (ii) we get

12y(y’)2 + 27x = 8x(y')3

Q.3 [4]

y

2

dx

dy








+ x

dx

dy
– y

dx

dy
– x = 0

y
dx

dy








1

dx

dy
+ x 








1

dx

dy
= 0









 x

dx

dy
y 








1

dx

dy
= 0

 either ydy + xdx = 0
or dy – dx = 0
since the curves pass through the point (3, 4)

 x2 + y2 = 25 or x – y + 1 = 0
 2x – 2y + 2 = 0  A = 2 & B = 2
 A – B = 4

Q.4 [25]
Equ. of tangent
Y – y = m(X - x)

2m1

mxy




= x

 (y – mx)2 = x2(1 + m2)
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Differential Equation

 y2 – 2mxy = x2 
xy2

xy 22 
=

dx

dy


dx

dy
=

xy2

xy 22 
Homogeneous equation

which gives x2 + y2 – cx = 0
x2 + y2 = cx
curve passes through (1, 3)
 c = 10
equation of curve is x2 + y2 – 10x = 0
equation of tangent at (1, 3) is x.1 + 3y – 5(x + 1) = 0
4x – 3y +5 = 0
 a2 + b2 = 42 + (–3)2 = 25

Q.5 [1]

dx

dy
= 22

22

yx

yx




let the line from origin be y = mx

dx

dy
= 2

2

m1

m1




which is constant and independent of

x, y
Hence f(x

1
) = g(x

1
)

Q.6 [16]
y (x + y3) dx = x(y3 – x) dy

 – 2)xy(

)xy(d

x

y
d

x

y









= 0

 y3 + 2x + 2cx2y = 0
It passes through (4, –2)
– 8 + 8 + 2c (16) (– 2) = 0  c = 0
 y3 = – 2x
g’(x) = 2sinxcosxsin–1sinx + 2cosx (–sinx) cos–1(cosx) =
0
so g(x) is constant

g(/4) = g(x) = )tcost(sin

2/1

8/1

11


  dt

_

x = 0

y =–2x3

 g(x) = 











8

1

2

1

2
=

16

3

A = 




16

3

0

3dyy
2

1

; A =
4x2

1 4

16

3







 

Q.7 [2]

ycosysin2ycosx

1

dx

dy





dy

dx
= x cos y + 2 sin y cos y

dy

dx
+ (– cos y) x = 2 sin y cos y

 .F. =  dyycos
e = e–sin y

 The solution is

x. e–sin y = 2 ysine . siny cos y dy

= –2 sin y e–siny – 2 )e( ysin cos y dx

= –2 sin y e–sin y + 2 ysine cos y dy

= – 2 sin y e–sin y – 2 e–sin y + c
i.e.
x = –2 siny – 2 + c esin y = cesiny – 2 (1 + sin y)
 k = 2

Q.8 [8]

cos2x
dx

dy
– (tan2x) y = cos4x

R =
 dxxsec

xtan–1

xtan2
– 2

2
e = (1 – tan2x)

After solving differential equation
2y (1 – tan2x) = sin(2x) + c

 c = 0  y =
2

1
tan2x.cos2x

 y 






 

6
=

2

1
. 3 .

4

3
=

8

33


33

6
y64 







 

= 8

Q.9  +  = [1]
y+ P(x).y = Q(x)
y

1
& y

2
are two solution of above equation so

y
1
 + P(x) y

1
= Q(x) ...(1)

y
2
 + P(x) y

2
= Q(x) ...(2)

multiply equation (1) by  and equation (2) by  then
add
(y

1
 + y

2
) + P(x) (y

1
+ y

2
) = Q(x) (+ )

let y = y
1

+ y
2

y+ P(x)y = Q(x) (+)
for y to be solution of diff. equation
 +  = 1
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Q.10 [64]
y – x = m(X – x)

X
int

= x –
m

y

2

x
m

y
x 

= 0

2x =
m

y

dx

dy
=

x2

y

n y =
2

1
nx + c

x

y2

= k y2 = kx

curve passes through (1, 2)

 k = 4
 y2 = 4x

A = 2 
1

0

x2 dx

A =
3

8
 9A2 = 64

KVPY

PREVIOUS YEAR’S

Q.1 (D)

 n(x2 – 1)

Define for (x2 – 1) > 0

S :  X , 1 (1, )    

f’(x) =  n(x2 – 1)

2f '(dx) n(x 1)dx   

f’(x) =  n(x2 – 1). 2

2x.x
x dx

x 1




= x  n(x2 – 1) –
2

2

2x 2 2
dx

x 1

 



= x  n(x2 – 1) – 2x – 2x
1 x 1

n C
2 x 1

 
 

 


f (x) = x  n(x2 – 1) – 2x –  n
x 1

C
x 1

 
 

 

f (2) = x  n 3 – 4 –  n
1

C
3

 
 

 
= 2  n 3 – 4 +  n 3+

C = 0
C = 4 – 3 In 3

f(x)=xIn(x2 –1)–2x–In
x 1

x 1

 
 

 
+4–3In3definedforS

InfiniteC values posible in setS such that f’(x) = In (x2 – 1)

Q.2 (D)

x

0

f (t)dt (f (x)) .....(1)

Differentiable both side with respect to x
f (x) = pf’(x)

f '(x) 1

f (x) p


Now, integrating both side with w.r.t x.

Inf (x) =
x

C
p


f (x) = k.ex/p ....(2)
patting x = 0 in original equation (1)
0 = pf (0)

 either p = 0 or {f (0) = 0 & p 0 }

Let case ; I where f(0) = 0 & 0 

 k = 0 then from equation (2)
f (x) = 0  f (x) = 0

 i.e. p 0 then there is no non zero continuous to f

(x)
case. II p = 0

x

0

f (t)dt 0 x R 

It is only possible when f (x) = 0

Thence p R  : There is no nonzero continuous

function. satisfying the given condition.
Hence SR

Q.3 (D)

(f '(x))2 =± 4f(x)

Let f(x) is non negative in its domain

 (f '(x))2 =4f(x)  f '(x) = ± 2 f (x)


f '(x)

dx 2dx
f (x)

   (f(x)  0)

 2 f (x) 2x  f(0) = 0)

 f (x) = ± x  f(x) = x2
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so f(x) can be 0 or x2

proceeding in same way, we can also

have f(x) = – x2

Also f(x) =
2

2

x , x 0

x , x 0

 

 

or f(x) =

2

2

x , x 0

x , x 0

 



etc

JEE-MAIN

PREVIOUS YEAR’S

Q.1 (2)

dy

dx
=

2(x 2) y 4

(x 2

  


= (x – 2) +

y 4

(x 2)





Let x – 2 = t dx = dt

and y + 4 = u  dy = du

dy

dx
=

du

dt

du

dt
= t +

u

t


du

dt
–

u

t
= t

I.F =
1

dt
t



 = e–lnt =
1

t

u.
1

t
=  t.

1

t
t dt 

u

t
= t + c

y 4

x 2



 = (x – 2) + c

Passing through (0, 0)

c = 0

 (y + 4) = (x – 2)2

Q.2 [0.5]

(2xy2 – y) dx = –x dy

x
dy

dx
= y – 2xy2

dy

dx
=

1

x
. y – 2xy2

dy

dx
–

1

x
. y = – 2xy2

y–2
dy

dx
–

1

x
y–1 = –2

y–1 = t  –y–2
dy

dx
=

dt

dx

–
dt

dx
–

1

x
t = –2


dt

dx
+

1

x
. t = 2 I.F. = e  nx = x

tx = 2 
2x

2
+ c 

x

y
x2 + c

It passes through P(2, 2)

 c = –3


x

y
= x2 – 3

If x = 1,
1

y
= –2 y = –

1

2

 |y(1)| =
1

2
= 0.5

Q.3 (1)

dy

dx
+

y

x
= 6x3

I.F. =
dx

xe
 = x

 yx = bx4dx =
5bx

5
+ C

Passes through (1,2), we get

2 =
b

5
+ C .....(i)

Also,

2 5

1

bx C

5 x

 
 

 
 dx =

62

5


b

25
 32 + cn2 –

b

25
=

62

5

C = 0 & b = 10

Q.4 [2]

order of differential equation is 1.

2yy' = a

 y2 = 2yy'  x 2yy '

 y – 2xy' = 2y'. 2yy '

 (y – 2xy')2 = 4(y')2.2yy'



2
dy

y 2x.
dx

 
 

 
= 8y..

3
dy

dx

 
 
 

Degree of Differential equation = 3

Q.5 [4]

dx

dt
 dt
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dx

dt
= x



x

1000

dx

x =

t

0

dt

 n
x

1000
= t

at t =2, x= 1200

 2= n
6

5

 x=1000.
1 6

n .t
2 5e


Now2000=1000.

1 6 k
n .

52 5 n
6e




 2 =
k

2e


k

2
= –n2


k

n2
= –2

Q.6 (2)

2dy xy y

dx x




 2

xdy ydx
x dx

y






2x x
d d

y 2

  
      

   


2x x

C
y 2


 

It passes through (–2,3)


2

2 C
3
 

4
C

3




 curve is
2x x 4

y 2 3


 

It also passes through (3, y)

3 9 4

y 2 3


 


3 19

y 6





18

y
19

 

Q.7 (3)

dp(t)

dt
=

P(t) 900

2



t

0

dP(t)

P(t) 900 =

t

0

dt

2

t
0{ n | P(t) 900 |} =

t

0

t

2

 
 
 

 n|P(t) – 900| –  n|P(0) – 900| =
t

2

 n|P(t) – 900| –  n50 =
t

2

Let at t = t1 , P(t) = 0 hence

 n|P(t) – 900| –  n 50 =
1t

2

t1 = 2  n18

Q.8 (4)

dy

dx
+ 2y tan x = sin x

I.F. = 2 tan xdx 2 n sec xe e  

I.F. = sec2x
y.(sec2x) sin x.sec2 xdx
y.(sec2x) sec x tan xdx
y.(sec2x) sec x + C

x ; y 0
3


 

 C =2

 y = 2

sec x 2

sec x


cos x 2 cos2 x

y = t  2t2 
dy

dt
1  tt 

1

4

max =
1 1 2 1 1

4 8 8 8


  

Q.9 (2)


   

dy
tan x y sin x ; 0 x

dx 3

  tan x dx nsec xI.F. e e secx

y s ec x ta n x d x

ysecx tan xdx

ysecx ln | sec x | C



177

Differential Equation

x = 0, y = 0 c = 0
ysec x ln | sec x |
y cos x ln | secx |




 
  
 


x

4

1
y n 2

2





x

4

y e

1
log 2

2 2

Q.10 (2)




2 2dy y x

dx 2xy
, x (0, )

put y = vx


 

2dv v 1
x v

dx 2v

 
2

2v dx
dv

xv 1
Integrate,
ln(v2 + 1) = _ lnx + C

 
    

 

2

2

y
n 1 nx C

x
l l

put x = 1, y = 1, C = ln2

 
    

 

2

2

y
n 1 nx n2

x
l l l

x2 + y2 _ 2x = 0 (Curve C
1
)

Similarly,


2 2

dy 2xy

dx x y

Put y = vx
x2 + y2

_ 2y = 0

required area =  
1

2

0
2 2x x x dx 1

2


    

Q.11 (1)

dy
(1 y)(x 1)

dx
  

dy
(x 1)dx

(y 1)
 



Integrate ln(y + 1) =
2x

x c
2
 

(0,0) c = 0 

2x
x

2
y e 1

 
  

  

Q.12 (2)
cosx3sin x  cosx 3dy

= 1 ysin x3sin x  cosx 3dx

dy 1
(tan x)y

dx (3sin x cosx 3)cosx
 

 

tan x dx n cosxI.F. e e cosx
  

cos x x 0,
2

 
   

 
Solution of D.E.

1
y cosx (cosx) · dx C

cosx 3sin x cosx 3
 

 

dx
y cosx dx C

3sin x cosx 3
 

 

2

2

x
sec

2y cosx dx C
x x

2 tan 6 tan 4
2 2

 
 
  

 







Now

Let

2

1
2

x
sec

2I dx C
x x

2 tan 3tan 2
2 2

 
 
  

 
  

 







Put
x

tan t
2
  21 x

sec dx dt
2 2



1 3

dt dt
I

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

  


 
 

1 1
dt

t 1 t 2

 
  

  





t 1
n

t 2

 
  

 


x
tan 1

2n
x

tan 2
2

 
 

  
  
 



So solution of D.E.

x
1 tan

2y(cosx) n C
x

2 tan
2
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x
1 tan

2y(cosx) n C
x

2 tan
2

 
 

  
  
 

 for 0 x
2


 

Now, it is given y(0) = 0


1

0 n C
2

 
  

 
  C n 2 



x
1 tan

2y cosx n n 2
x

2 tan
2

 
 

  
  
 

 

For x
3




1
1

1 3y n n 2
12 2
3

 
  

   
    

 

 

2 3 10
y 2 n

11

 
  

 
 Ans.(2)

Q.13 (3)
9/4

5/4 3/4

dy y x

dx 2x x (x 1)
 



dx 1
ln x

2d 2
1/2

1
IF e e

x

 
  

9/4 1/2
1/2

5/4 3/4

x ·x
y.x dx

x x 1


 




1/2

3/4

x
dx

(x 1)
x = t4 dx = 4t3 dt

2 3

3

t ·4t dt

(t 1)
2 3

3

t t 1 1
4 dt

(t 1)

 


2

2

3

t
4 t dt 4 dt

t 1


 
34t 4 ln t 1 C

3 3
  

3/4
1/2 3/44x 4yx ln x 1 C

3 3
    

e e

4 4 4
1 log 2 log 2 C

3 3 3
   

C =
1

3


5/4 3/44 4 x
y x x ln x 1

3 3 3
   

4 4 4
y(16) 32 4 ln 9

3 3 3
    

=
124 32

ln 3
3 3

 =
31 8

4 ln3
3 3

 
 

 
Q.14 (3)

y2 = 4ax + 4a2
differentiate with respect to x


dy

2y 4a
dx

a =
y dy

2 dx

 
 
 

so, required differential equation is
2

2 y dy y dy
y 4 x 4

2 dx 2 dx

   
     
   

2

2 2dy dy
y 2xy y 0

dx dx
   

















2
dy dy

y 2x y 0
dx dx

   
















Q.15 (1)
Let y + 1 = Y


dY

dx
= Y 2

2x

2e – xY

Put  
1

k
Y

2x

2
dk

k x e
dx

   

I.F. = 
2x

2e

   
2x /2k x c e

Put  


1
k

y 1

   


2x /2

1
y 1

x c e ...(i)

when x = 2, y = 0, then c = –2 – 2

1

e
diffentiate equation (i) & put x = 1

We get


 
  

  

3/2

22
x 1

dy e

dx 1 e
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Q.16 (3)

Q.17 [4]

Q.18 (4)

Q.19 [4]

Q.20 (1)

Q.21 (1)

Q.22 [2]

Q.23 [2]

Q.24 [2]

Q.25 (1)

Q.26 (2)

Q.27 [2]

Q.28 (4)

Q.29 (1)

Q.30 (2)

Q.31 (2)

Q32 (3)

Q.33 (4)

Q.34 (4)

Q.35 (3)

Q.36 (1)

Q.37 (1)

JEE-ADVANCED
PREVIOUS YEAR’S
Q.1 (Bonus)

Data inconsistent.
Putting x = 1 , in given integral equation  f(1) = 1/3 ,

a contradiction (given that f(1) = 2).
However if considering integral equation as

 

x

1

3x)x(xf3dt)t(f6 – 5

we obtain correct answer.

Differentiating the integral equation
6f(x)=3f(x)+3xf(x) – 3x2

f(x) –
x

1
f(x) = x

put y = f(x)

dx

dy
–

x

1
y = x

I.F. =
x

1

General solution is y
x

1
= x + c

Put x = 1, y = 2  c = 1
 y = x2 + x
f(x) = x2 + x

f(2) = 4 + 2 = 6

Q.2 [0]

y(x) + y (x) g(x) = g(x) g(x), y (0) = 0 xR

dx

d
(y(x)) + y (x) g (x) = g(x) g(x).,

g (0) = g(2) = 0.

I·F =   dx)x(ge = eg(x)

y (x) eg(x) =   dx)x(g)x(ge )x(g
+ c

Let g(x) = t
g(x) dx = dt

y(x) eg(x) =  dtte t

= tet – et + c
y(x) = (g(x)–1) + c e–g(x)

Let x =0 y(0) = (g(0)–1) + c e–g(0)

0 = (0–1) + c  c =1
y (x) = (g(x) –1) + e–g(x)

y(2) = (g(2)–1) + e–g(2)

y (2) = (0 –1) + e–(0) = –1 + 1 = 0

Q.3 (A)

dx

dy
– y tan x = 2x sec x

y(0) = 0

I.F. =  dxxtan–
e = xseclog–e

I.F. = cos x

cos x . y =  dxcox.xsecx2

cos x. y = x2 + c
c = 0

y = x2 sec x
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y 






 

4
= 2.

16

2
=

28

2

y 






 

4
= 2.

16
2.

2

2




y 






 

3
= 2.

9

2
=

9

2 2

y 






 

3
= 3.2.

9
2.

2
2

2




9

32

3

4 2




Q.4 (A)
Given slope at (x, y) is

x

y

dx

dy
 + sec(y/x)

let
x

y
= t  y = xt 

dx

dy
= t + x

dx

dt

t + x
dx

dt
= t + sec(t)

1
cos t dt dx

x
 

sin t = n x + c

sin(y/x) = n x + c
This curve passes through (1, /6)
sin(/6) = n(1) + c c = 1/2

sin(y/x) = n x + 1/2
Q.5 (B)

I.F. = 2

x
dx

x 1e  = 2

1 2x
dx

2 x 1e  =
21

n|x 1|
2e

 =

21
n(1 x )

2e
 = 21 x

 2y 1 x =

4
2 2

2

x 2x
1 x dx c

1 x


  




5
2 2 2x

y 1 x x c
5

   

x = 0, y = 0  c = 0

y =

5
2

2

x
x

5

1 x





  =

5 53
2 2

2

2 2
0

x x
x x

5 5 dx
1 x 1 x

 
  

 
  
 
 



=

3

2 2

2
0

x
2 dx

1 x


x = sin
dx = cos d

=

3 2

0

sin cos
2 d

cos



 




=

3

0

(1 cos2 )d



   =
3

0

1
sin2

2



 
   
 

=

1 2
sin

3 2 3

 
  =

1 3 3

3 2 2 3 4

 
   

Q.6 (B)
f'(x)=2xf(x)

f '(x)

f(x)
= 2x

n(f(x)) = x2 + c

x = 0, f(0) = 1
c = 0

 n(f(x)) = x2

f(x) = 2xe

 F(x) = f(x) + c

F(x) =
2xe + c

F(0) = 0

 c = –1

 f(x) =
2xe – 1

f(2) = e4 – 1.

Q.7 (A,C)

(1 + ex)
dx

dy
+ yex = 1

dx

dy
+ x

x

e1

e


y = xe1

1



I.F =
x

xx

e
dx

n(1 e )1 ee e    = 1 + ex

complete solution

y.(1 + ex) = 1dx
(1 + ex)y = x + c
x = 0, y = 2 c = 4
(1 + ex)y = x + 4
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y =
1e

4x
x 



x = –4, y = 0

x = –2,y =
1x

2
2 

dx

dy
=

   

 

x x

2
x

e 1 .1 x 4 e

e 1

  



 

 2x

x

1e

13xe





dx

dy
= 0

 x + 3 = e–x

(0, 3)

–1

(–1, 2)

e

ex =
3x

1



Q.8 (B,C)
(x – )2 + (y – )2 = r2

x2 + y2 – 2x – 2y + 22 – r2 = 0
2x + 2yy – 2 – 2y = 0 ...(i)

  = 'y1

'yyx




...(ii)

again diff. w.r.t
2 + 2(y)2 + 2yy – 2y = 0

 1 + (y)2 + yy – 












'y1

'yyx
y = 0

 1 + y + (y)2 + (y) + yy + yyy – xy –
yyy = 0
 (y – x)y+ (1 + y + (y)2) y + 1 = 0

 P = y – x, Q = 1 + y + (y)2

Ans. (B,C)
Note : P & Q will not be unique function as

Py + Qy+ Ry– Ry + 1 = 0

 ''Ry–1

'Py
+ 'Ry–1

'Qy
+ 1 = 0 Hence new P & Q

can be obtained.
So it can be a controversial problem.

Py + Qy+ Ry– Ry + 1 = 0

 ''Ry–1

'Py
+ 'Ry–1

'Qy
+ 1 = 0

Q.9 (A)

 
 ' 2

f x
f x

x
 

2
dy y

dx x
  

C
y x

x
  

  1 1f 

 C  0

f (x) =
C

x
x



  2
' 1

C
f x

x
 

21
' 1f Cx

x

 
  

 

Hence,
'

0

1
lim 1
x

f
x 

 
 

 

Q.10 (A, D)

 2 24 2 4 0
dy

x xy x y y
dx

     

   
2 22 2

dy
x y x y

dx
    
 

  

2

2 2

dy y

dx x x y


  

Let,  2y x v 

 2
dy dv

v x
dx dx

  

ln ln 2v v x C    

ln ln 2
2 2

y y
x C

x x
    

 

 1,3

1 ln 3C  

ln 1 ln3
2

y
y

x
   



Hence, (a, d)

Q.11 (B)

 
1

4 9 x
dy

dx 8 x 9 x



 



1 1 1

dy dx
9 x 8 x4 9 x

  
 



182

Differential Equation

Let
1 1

4 9 x t dx dt
2 x2 9 x

     


1 1
dy dt

2t
  

y = t c

y 4 9 x c   

at x = 0 , y = 7

7 7 c c 0    

y 4 9 x  

at x = 256 y 4 9 256 3    

Q.12 [0.4]

2dy
25y 4

dx
 

So, 2

dy
dx

25y 4




Integrating,

2
y

1 1 5In x c
2 225 2 y
5 5


  

 

 
5y 2

In 20 x c
5y 2


  



Now, c = 0 as f(0) = 0

Hence
 20x5y 2

e
5y 2






 
 

 20x

x x

5f x 2
let let e

5f x 2 






Now, RHS = 0   
x
let 5f x 2 0


  

 
x

2
let f x

5
 

Q.13 (A,C)
Integrating factor = ex

So
 xxye xe dx  

Case - I

If = 0
2

x x
ye c

2
  

It passes through (1, 1)  C = e
1

2


So
2

x x 1
ye e

2
 
 

For=1

 
2

x xx 1
y e e e A

2 2
  

    
 

Case - II
If0

 
 

x
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