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JEE MAIN ANSWER KEY & SOLUTIONS

SUBJECT :- MATHEMATICS

CLASS :- 12th PAPER CODE :- CWT-9

CHAPTER :- DEFINITE INTEGRATION

ANSWER KEY

1. (D) 2. (C) 3. (D) 4. (A) 5. (A) 6. (D) 7. (A)

8. (A) 9. (D) 10. (B) 11. (B) 12. (A) 13. (A) 14. (D)

15. (D) 16. (D) 17. (B) 18. (A) 19. (D) 20. (C) 21. 1

22. 2 23. 8 24. 3 25. 1 26. 5 27. 3 28. 1

29. 3 30. 4

SOLUTIONS

1. (D)

Sol. I = 




 dx)qxsinpx(cos 2

I = 




 dx)qxsinpx(cos 2

(Using King)

2I = 2 




 dx)qxsinpx(cos 22

I = 



0

22 dx)qxsin2pxcos2(

 = 



0

dx)qx2cos1()px2cos1(

= 2  (Both the integrals vanish) . ]

2. (C)

Sol. Consider

)1()2,0(t
1n

t
1Lim

n

n
















= 
t1n

t
nLim

een 










 I = 
2

0

tdte  = e2 – 1  Ans. ]

3. (D)

Sol. y = f (x) x = g (y)  and  dy = f ' (x) dx

I =  
b

0

a

0

dy)y(gdx)x(f ;  y = f (x)  x

= f–1(y) = g (y)

=  
a

0

a

0

dx)x('fxdx)x(f

a f(a)=b g(b)=a

0 f(0)=0 g(0)=0

f f /g–1

=   
a

0

dx)x('fx)x(f  =  a
0)x(fx

= a f (a) = ab  Ans. ]

4. (A)

Sol. L = 
n1n )!n(

n
Lim


 = 

n1n )n.......·3·2·1(

n
Lim



= 

n1n

n

n
........

n

3
·

n

2
·

n

1

1
Lim









ln L = –

n

1





































n

n
n.......

n

3
n

n

2
n

n

1
n llll

general term of  ln L is

T
r
 = – 

n

1
 ln 

n

r

 S = 



n

1r
n n

r
n

n

1
Lim l  = – 

1

0

dxxnl

= – [x ln x – x]
1
0

 = – [(0 – 1) – (0)] = 1

 Hence  ln L = 1     L = e  Ans. ]

5. (A)

Sol. Consider 







xsin

1
sin

1
·sin

dx

d

xcos·
xsin

1
)1(·

xsin

1
cos·

xsin

1
sin

1
)(·

xsin

1
sin

1
cos

2
2


























= 
























xsin

1
sin·xsin

1
·xcos·

xsin

1
cos·

xsin

1
sin

1
cos

22
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hence the given integrand is









xsin

1
sin

1
sin

dx

d

 I = 



 











































3

6

dx

xsin

1
sin

1
sin

dx

d

= 

2

6
xsin

1
sin

1
sin




























  = sin(cosec 1)

– sin(cosec 2)]

6. (D)

Sol. Given f (x) = 


2

x
3y1

dy
; f (2) = 0

also f ' (x) = – 3
x1

1



now let   I = 
2

0 III

dx)x(fx

= 
2

0

2

2

0

2

dxx)x('f
2

1

2

x
·)x(f

= 0 + 


2

0
3

2

dx
x1

x

2

1

put 1 + x3 = t2  3x2 dx = 2t dt

= 
3

1
t

dtt

3

2
·

2

1
 = 

3

1
(3 – 1) = 

3

2
 Ans.]

7. (A)

Sol. We have  f(x) = e2x + ex – x

Now  f(0) =  –1   +  = 1           ....(1)

f '(ln2) = 30  8 + 2– = 30         ...(2)

and  
4ln

0

dx)x)x(f(

= 24   24dxee

4ln

0

xx2  

4ln

0

x
x2

e
2

e











= 24 15 + 6 = 48   ....(3)

 On solving (1), (2), (3), we get    = 6, 
= – 7, =  4

Hence  ( +  + ) = 6 – 7 + 4 = 3 Ans.]

8. (A)

Sol. We have

 
 


1

1

1

1

223
dy)y(yfx3dy)y(fyx3x)x(f

f(x) = x3 + 3x2 – 3x,

so  



1

1

232
)y3y3y(y  dy

= 

1

1

456

4

y
3

5

y
3

6

y












  = 


5

6

 = 0

f(x) = x3 – 3x.

Now  



1

1

3 dy)y3y(y

= 

1

0

3
2

y
5

y
2 










  = 

5

2
 – 2  = 

15

2

    f(x) = x
15

6
x3 

Hence  f(5) = 123 Ans.  ]

9. (D)

Sol.

2

3

x

0

2

0x

x

)xcos1(
x

dttsin

Lim





(using

20x x

xcos1
Lim




 = 
2

1
)

= 2
3

x

0

2

0x x

dttsin

Lim




   (Using L'Hospital Rule)

=  2 2

2

0x x3

xsin
Lim


 = 
3

2
  Ans. ]
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10. (B)

Sol. I = 


1

1

dx)x(f  = 



1

1

dx)x(f    (using K)

2I =  



1

1

dx)x()x( ff  = 


1

1

2 dx)x(

2I = 
1

0

2 dx)x(2  I = 
1

0

2 dx)x(

= 
3

1
  Ans. ]

11. (B)

Sol. I = 
 2

0

dxxtan ....(1) ;

I = 
 2

0

dxxcot ....(2)

adding (1) and (2), we get

2I = 
 




2

0

dxxcotxtan

= 
 2

0

dx
x2sin

xcosxsin
2

= 




2

0
2

dx
)xcosx(sin1

xcosxsin
2

= 
 

1

1
2t1

dt
2  = 



1

0
2t1

dt
22  = 2

(where sin x – cos x = t)

 I =  
2


 Ans.  ]

12. (A)

Sol. I = 






1

1
xtanarc

1

)e1(

dxxtanx

Using King, I = 









1

1
xtan

1

dx
)e1(

xtanx
1

= 










1

1
xtan

xtan1

dx
)e1(

e·xtan·x
1

1

2I = 









 







1

1

xtan

xtan

1

dxe1
)e1(

xtanx 1

1

= 



1

1

1 dxxtanx  =  
1

0

1 dxxtanx2  (f is even)

I.B.P.

 I =  
1

0

1 dxxtanx  = 
2

1

4



 Ans. ]

13. (A)

Sol. Let f (a) =  

2a

a
xx

dx

f ' (a) = 2aa

a2


 – 

aa

1

  = 0  2 a 2

+ 2 aa  = a2 + a  a2 + 2 aa  – a = 0

a + a2  – 1 = 0  2
)1a(   = 2

  a  = 2  – 1 = tan
8



a = 2
)12(   = tan2 






 

8
  Ans.  ]

14. (D)

Sol. graph of y = (tan–1x)2.

Note that area enclosed by the curve and x-axis

.

Hence limit is of the form



 now using L

Hospital rule,

hence
2

21

x
x1

x

)x(tan
Lim 




 = 

4

2

Ans. ]
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15. (D)

Sol. Using King i.e.   x  2 – x

I = 



2

0
44

4

dx
)x3sin()xsin(

)xsin(

 2I = 
2

0

dx  = 2 I =   Ans.]

16. (D)

Sol.  
0

a

xx 0dx)23(3

put 3–x = t  3–x ln3 dx = –dt





a3

1

0dt)2t(3ln 

0t2
2

t
a3

1

2









02
2

1
3.2

2

3 a
a2







 








 



3–2a – 4×3–a + 3 > 0

(3–a – 3) (3–a – 1) > 0

3–a > 31  a < 1

3
–a

3
–a

or 3–a < 30   a > 0

Hence a ( , 1] [0, )     ]

17. (B)

Sol. I = 






a

1a

t

dt
1at

e
put t = a–1+ y (so that

lower limit becomes zero)

 I =  

1

0

ya1

dy
2y

e
(now using king)

 I =  

1

0

y1a1

dy
2y1

e
 =  
 

1

0

y
a dy

y1

e
e  = – e–a

A  (B) ]

18. (A)

Sol. y = f (x) x = f–1(y) = g (y)

dy = f ' (x) dx

 I =  
5

1

5

1

dx)x('fxdx)x(f

1

5

f(1)=2

f(5)=10

x y

f

g

where y is 2 then x = 1

y is 10 then x = 5

 I =   
5

1

dx)x('fx)x(f

  = 
5

1
)x(fx  = 5 f (5) – f (1) = 5 · 10 – 2

= 48  Ans. ]

19. (D)

Sol. We have  S = 
















 

n

1k n

k
4cos

n

k
1

n

1

=   
1

0 III

dxx4cosx1 

=   


1

0

1

0

dxx4sin
4

1

4

x4sin
x1

= 0 + 
1

0

dxx4sin
4

1
 = 

1

0

x4cos
16

1



= – 





 

16

1
4cos

16

1
 = )4cos1(

16

1
  Ans.]

20. (C)

Sol. I  = 
 Vn

0

dx|xcos|

= 


n2

n

0

dx|xcos|


 + 


)tnxput(I

Vn

n

1

dx|xcos|







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So, I
1

= 
V

0

dt|tcos|

= 
 2/

0

dttcos  – 


V

2/

dxxcos

= 1 – 
V

2/
)x(sin   = 1 – sin V + 1

 I = 2n + 2 – sin V  ]

21. 1

Sol. 
1

0

dx)x(f = 
6

11
   2 + 3 + 6 = 111

Since, , ,  N     =  =  = 1  only

possible

(0, 1)

y

x
O

Hence,  f(x) = x2 + x + 1

g(x) = |x|2 + |x| + 1

Clearly, g(x) is non-derivable at  x = 0  only ]

22. 2

Sol. I
1
 =   1

0

5199

1

0

51100

dx)x1(x
51

100

51

)x1(x

=  
1

0

5099 dx)x1()x1(x
51

100

I
1
 = 












 

1

0

50100
1

0

5099 dx)x1(xdx)x1(x
51

100

51 I
1
 = 100 I

2
 – 100 I

1

151 I
1
 = 100 I

2

2

1

I50

I151

 

 
= 

50

100
= 2  Ans. ]

23. 8

Sol. Let I =  
1

0 I

7

II

200
7

207
dx)x1(xC 

I = 207C
7 


















 
1

0

2016

zero

1

0

201
7 dxx·)x1(

207

7

201

x
)x1(



= 207C
7
 ·  

1

0

2016 dxx)x1(
201

7

integrating by parts again 6 times more

=  207C
7
 · 

1

0

207
dxx

207·206·205·204·203·202·201

1·2·3·4·5·6·7

= 
208

1
·

207202·201

!7

!200!7

)!207(

  =
208

1

= 
k

1

  k = 208

Ans. 
26

k
= 8 ]

24. 3

Sol. f (x) = 












 
1

0

dy)y(fy20 x

+ 












 
1

0

2 dy)y(fy49 x2

Let  f(x)  = Ax + Bx2

then A = 20 + 
1

0

dy)y(fy    and

B = 49 + 
1

0

2 dy)y(fy

 A = 20 +  
1

0

2 dyy)ByAy(

 A = 20 + 
4

B

3

A 


3

A2
= 20 + 

4

B

B = 
3

A8
– 80 ……(1)
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Also,  B = 49 +  
1

0

22 dy)ByAy(y

B = 49 + 
5

B

4

A



5

B4
= 49 + 

4

A

 B = 
16

A5

4

245  ……(2)

From (1) and (2)

3

A8
– 80 = 

16

A5

4

245 


16

A5

3

A8  = 
4

565
   A = 60

 20 + 
1

0

)y(fy = 60

 
1

0

)y(fy = 40 ]

25. 1

Sol. 
















0

1

22
dx

x1

1
)1x(

x1

1
x

+  













1

0

22
dx

x1

1
1x

x1

1
x

– 


0

1

dx1  +  










1

0

2
dx

x1

2
1x2

 01x   +  1012 xtan2xx 

x

y

O

y = x + 1

y = 
1

1+x
2

– (0 – (–1)) + 2 – 2 tan–1 1 = 1 – 
2



 2(a + b) = 2 





 

2

1
1  = 1 ] LI

26. 5

Sol. f (x) =  





 

x

0

1

0

dt)t(fxdt)t(fx
2

sin

Let 
1

0

dt)t(f = 

f (x) =  sin 





 

x
2

 + x 
x

0

dt)t(f

f (1) =  + 
1

0

dt)t(f = 2

Now, f '(x) =  cos 





 

x
2

·
2


 + x f (x)

+ 
x

0

dt)t(f

f '(1) = 0 + f (1) +  = 3


)1(f

)1('f
= 




2

3
= 

2

3
= 

q

p

 p + q = 5  Ans. ]

27. 3

Sol. g(x) = x2 –  )t(f)t2(f  x – 4

Now, g(–x) = g(x)

 f (2 + t) – f (t) = 0    f (t) = f(2 + t)  t

 R


42

0

dx)x(f  = 21 
2

0

dx)x(f  = 21














 

2

1

1

0

x dx)2x(
e

1
dxex

= 21 





 

e2

1

e

2
1  = 21 






 

e2

3
1

= 21 – 
e2

63
  m – 

e2

n


m

n
= 

21

63
 = 3  Ans.  ]
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28. 1

Sol. 





















1

0

1 dx

xcot
3

xtan
1

xcot
3

xtan

tan  = 
2

3 
 + 

  







1

0

1 dx
3

xtan
tan

–   
1

0

1 dxxcottan  = 
2

3 
+ 

  







1

0

1 dx
3

xtan
tan  –   






 
1

0

dxx
2

= 
2

3 
+ 

  







1

0

1 dx
3

xtan
tan   –  






 


2

1

2

=  
2

3 
+    








1

0

1 dx
3

xtan
tan –  = 1.

Ans.]

29. 3

Sol.  x = f (x) + f (x)7  x = y + y7

 f –1 (y) = y + y7

 f –1 (x) = x7 + x

 Given integral =  
2

0

7 dx)xx(

= 

2

0

28

2

x

8

x








  = (2 + 1) – 0 = 3  Ans. ]

30. 4

Sol.

  

2

23

x

0

0x

x

)x1(nx

dt)t(fcos1·)2t(f

Lim



 l

 = 
6

1

  
20x x3

)x(fcos1·)2x(f
Lim




 = 
6

1

  
 

 2
220x

)x(f·
)x(fx3

)x(fcos1·)2x(f
Lim




 = 
6

1

3
4

1
·

2

1
·)2(f

= 
6

1
    f (2) = 4   Ans.  ]
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