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MONOTONICITY
1.  f(x) = x3 – 4x2 + 8x + 11, x  [0, 1] ,

/; ;  c  :

(1) 
2

3
(2) 

7 2

3

(3) 
4 5

3
(4) 

4 7

3

2.  f :  [–7,  0]   R, [–7, 0] 

(–7, 0) ;  ;  f(–7) = –3  x 

(–7, 0) ,] f ' (x)  2 ]  ,  f ,]

f(–1) + f (0) ]  %
(1) [–6, 20] (2) ( – , 20]

(3) ( – , 11] (4) [ –3, 11]

3.  ƒ : [0,1]  R,  [0,1] 

 (0,1) ; ] ; S  S

 ƒ ,  ƒ  ,

c  (0,1)  %
(1) |ƒ(c) – ƒ(1)| < (1 – c)|ƒ'(c)|
(2) |ƒ(c) – ƒ(1)| < |ƒ'(c)|
(3) |ƒ(c) + ƒ(1)| < (1 + c)|ƒ'(c)|

(4) 
ƒ(1) ƒ(c) ƒ '(c)

1 c

4.  c ]  [3,4] ] 

2

e
x

ƒ x log
7x ; ]  

 R ]  ƒ"(c)  %

(1) 
3

7

(2) 
1

12

(3) 
1
24

(4) 
1

12

5.  ƒ(x) = xcos–1(–sin|x|), x ,
2 2

 ] 

; 

(1) ƒ', ,0
2   0,

2  

(2)  ƒ, x = 0 ; 

(3) ƒ ' 0
2

(4) ƒ', ,0
2   0,

2  

6.  ƒ  [a, b]  (a, b) 
;  ;  x  (a, b) ,

ƒ'(x) > 0  ƒ''(x) < 0 ]  c  (a, b), 

, 
ƒ(c) ƒ(a)

ƒ(b) ƒ(c)  ?

(1) 
b a

b a
(2) 

b c

c a

(3) 
c a

b c
(4) 1

7.  f : (–1, )  R, f(0) = 1 

f(x) = e

1
log (1 x),x

x
 ] 

f :

(1) (–1, ) 

(2) (–1, 0)  (0, ) 

(3) (–1, ) 

(4) (–1, 0)  (0, ) 

8.  f(x) = (3x – 7)x2/3, x  R, 

,]  x 

(1) (– , 0)  
3

,
7

(2) (– , 0)  
14

,
15

(3) 
14

,
15

(4) 
14

,
15

  (0, )

ALL
EN



2

no
de

06
\B

0B
A

-B
B\

Ko
ta

\J
EE

 M
A

IN
\J

ee
 M

ai
n-

20
20

_S
ub

jec
t T

op
ic 

PD
F 

W
ith

 S
ol

ut
io

n\
M

at
ha

m
at

ics
\H

in
di

\M
on

ot
on

ici
ty

.p
65

"

H

Monotonicity

9.  (1, 6)   ƒ ; 
 f(2) = 8, f'(2)  =  5,  f'(x)  1  f"(x)  4,

x  (1, 6) ] 

(1) f(5)  10 (2) f'(5) + f"(5)  20

(3) f(5) + f'(5)  28 (4) f(5) + f'(5)  26

10. ;  ƒ : R  R ,
ƒ(0) = ƒ(1) = ƒ'(0) = 0 ]  %

(1)  x  (0, 1)  ƒ"(x) = 0
(2) ƒ"(0) = 0

(3)  x  (0, 1)  ƒ"(x)  0

(4)  x  (0, 1)  ƒ"(x) 0

11.  y  =  ƒ(x)  =  xlogex, (x > 0)  ,

(c, ƒ(c))  (1, 0)  (e, e), 

]  c  :

(1) 
1

e 1
(2) 

1

1 ee

(3) 
1

e 1e (4) 
e 1

e

ALL
EN
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SOLUTION
1. NTA Ans. (4)
Sol. f(0) = 11

f(1) = 16

2f(1) f(0)
3c 8c 8

1 0

  3c2 – 8c + 8 = 5
  3c2 – 8c + 3 = 0

     c  [0, 1]   c = 
4 7

3

2. NTA Ans.  (2)
Sol. Using LMVT in [–7, –1]

f ( 1) f( 7)
2

1 ( 7)

f(–1) – f (–7)  12
 f (–1)  9 ....(1)

Using LMVT in [–7, 0]

f(0) f( 7)
2

0 ( 7)

f(0) – f (–7)  14
f(0)  11 ....(2)
from (1) and (2)
f(0) + f (–1)  20

3. NTA Ans.  (2)
ALLEN Ans. (BONUS)
Note: None of the options is correct for all
ƒ in S. Thus, it should be bonus, but NTA
did not accept it.

Sol. Option (1), (2), (3) are incorrect for ƒ(x) =
constant and option (4) is incorrect

ƒ(1) ƒ(c) ƒ '(a)
1 c

 where c < a < 1 (use LMVT)

Also for ƒ(x) = x2 option (4) is incorrect.

4. NTA Ans.  (2)

Sol.
9 16 12

21 28

Also, 
2 2

2 2 2

7x x 12 x 12ƒ ' x
x 12 7x x x 12

Hence, c 2 3

Now, 
1ƒ" c

12

5. NTA Ans.  (1)
Sol. ƒ(x) is an odd function.

Now, if x > 0, then ƒ(x) = xcos–1(–sinx)

1x sin sin x x x
2 2

Hence, 
x x ; x 0,

2 2
ƒ x

x x ; x ,0
2 2

so, 
2x ; x 0,

2 2
ƒ ' x

2x ; x ,0
2 2

– /2 O
/2/2

x

ƒ '(x )

6. NTA Ans. (3)

Sol.

a c b

m1

m2

it is clear from graph that m1 > m2

 
ƒ(c) ƒ(a) ƒ(b) ƒ(c)

c a b c

 
ƒ(c) ƒ(a) c a

ƒ(b) ƒ(c) b c

7. Official Ans. by NTA (1)

Sol.
2

x
n(1 x)

1 xf '(x)
x

= 2

x (1 x) n(1 x)

x (1 x)

Suppose h(x) = x – (1 + x) n(1 x)

  h'(x) = 1 – n(1 x)  – 1 = – n(1 x)

h'(x) > 0,  x  (–1, 0)

ALL
EN
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h'(x) < 0,  x  (0, )

h(0) = 0  h'(x) < 0  x  (–1, )

f'(x) < 0 x (–1, )

f(x) is a decreasing function for all x (–1, )

8. Official Ans. by NTA (2)
Sol. f(x) = (3x – 7)x2/3

 f(x) = 3x5/3 – 7x2/3

 f'(x) = 5x2/3 – 1/3

14

3x 1/3

15x 14
0

3x

0 14/15
+ +–

 f'(x) > 0  
14

x ( , 0) ,
15

9. Official Ans. by NTA (3)
Sol. f(2) = 8, f'(2) = 5, f'(x) 1, f"(x)  4, x (1,6)

f"(x) = 
f '(5) f '(2)

4
5 2

  f'(5)  17   ...(1)

f'(x) = 
f(5) f(2)

1
5 2

  f(5)  11      ...(2)

f '(5) f(5) 28

10. Official Ans. by NTA (1)
Sol. ƒ(0) = ƒ(1) = ƒ'(0) = 0

Apply Rolles theorem on y = ƒ(x) in x  [0, 1]

ƒ(0) = ƒ(1) = 0

 ƒ'( ) = 0 where   (0, 1)

Now apply Rolles theorem on y = ƒ'(x)

in x  [0, ]

ƒ'(0) = ƒ'( ) = 0 and ƒ'(x) is continuous and

differentiable

 ƒ"( ) = 0 for some ,   (0, )  (0, 1)

 ƒ"(x) = 0 for some x  (0, 1)

11. Official Ans. by NTA (3)
Sol. ƒ(x) = xlogex

c,ƒ c

e 0
ƒ '(x)

e 1
ƒ'(x) = 1 + logex

ec,ƒ c

e
ƒ '(x) 1 log c

e 1

e

e (e 1) 1
log c

e 1 e 1
  

1

e 1c e

ALL
EN




