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Function

ELEMENTRY

Q.1 (1)

The domain of function  ]x[xloge  is R, because

[x] is a greatest integer whose value is equal to or
less than zero.

Q.2 (4)

1xlog1 3  ; 3x3 1   3x
3

1


 Domain of function 







 3,

3

1
.

Q.3 (3)
(i) x  2

(ii) 3|x|0x9 2 

or –3 < x < 3

Hence domain is ].2,3(

Q.4 (3)

The function )6x6xlog()x(f 2  is defined

when 0)6x6xlog( 2 

 16x6x2   0)1x)(5x( 

This inequality holds if 1x  or 5x  . Hence, the

domain of the function will be ),5[]1,(  .

Q.5 (3) 1x2x311 2 

Case I : 11x3x2 2  ; 02x3x2 2 

6

1693
x




6

7i3
 (imaginary).

Case II : 11x3x2 2 

 0x3x2 2   0
2

3
xx2 










 0x
2

3



 








 0,

2

3
x

In case I, we get imaginary value hence, rejected

 Domain of function = 







0,

2

3
.

Q.6 (4)

2x23x5e)x(f 

 0x23x5 2  or 0
2

3
x)1x( 










-ve
+ve

0–1 1 3/2

 ]2/3,1[D 

Q.7 (2)

To define f(x), 3x33x9 2  .....(i)

4x21)3x(1  .....(ii)

From (i) and (ii), 3x2  i.e., [2, 3).

Q.8 (3)

4

3

2

1
x

1
1)x(f

2













 Range ]3/7,1( .

Q.9 (3)

2
xcosxsin 11 
 

holds x lying in [0,1].

Q.10 (3)

y
3x2x

9x14x
2

2






 y3xy2yx9x14x 22 

 0)9y3()7y(x2)1y(x2 

Since x is real,  0)1y)(9y3(4)7y(4 2 

 0)y129y3(4)y1449y(4 22 

 0y4836y12y56196y4 22 

 0160y8y8 2   020yy2 

 0)4y)(5y(  ;  y lies between – 5 and 4.

Q.11 (1)

















 

3

x
logsiny 3

1
 1

3

x
log1 3 










 3
3

x

3

1
  9x1   ]9,1[x  .

EXERCISES

Function
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Function

Q.12 (4)

Here 03x  and 02x3x2 

 3x  and ,0)2x)(1x(  i.e. 2,1x 

 Domain }2,1{),3(  .

Q.13 (2)

2)3x(7x6x 22 

Obviously, minimum value is – 2 and maximum  .
Hence range of function is [–2, ].

Q.14 (3)

)x64xlog()x(f 

 x – 4  0 and 6 – x  0 x  4 and x 6

 Domain of f(x) = ]6,4[

Q.15 (2)
The quantity under root is positive, when

.31x31 

Q.16 (2)

Obviously, here 2|x|  and 1x 

i.e., ),2()2,(x  .

Q.17 (2)

1
6

xx5
0

6

xx5
log

22















 

or x2 – 5x + 6  0 or (x – 2) (x – 3)

Hence .3x2 

Q.18 (2)

We have )3x)(2x)(1x()x(f 

and 0)3(f)2(f)1(f 

 )x(f is not one-one.

For each Ry  , there exists Rx  such that

y)x(f  . Therefore f is onto.

Hence RR:f  is onto but not one-one.

Q.19 (4)

1)1(f)1(f  ;

function is many-one function. Obviously, f is not
onto so f is neither one-one nor onto.

Q.20 (1)

Let Ny,x  such that )y(f)x(f 

Then 1yy1xx)y(f)x(f 22 

 yx0)1yx)(yx( 

or N)1y(x 

 f is one-one.

Again, since for each Ny  , there exist Nx 
 f is onto.

Q.21 (3)

Let f(x) = f(y) 
4y

4y

4x

4x
2

2

2

2










 4y4x1
4y

4y
1

4x

4x 22
2

2

2

2











 yx  ,  )x(f is many-one.

Now for each ),1,1(y  there does not exist Xx 

such that y)x(f  . Hence f is into.

Q.22 (2)

),0[x,0
)x1(

1
)x(f

2



 and range )1,0[

function is one-one but not onto.

Q.23 (4)

We have |x|xxx)x(f 2 

Clearly f is not one-one as 0)2(f)1(f  but

21  .

Also f is not onto as ,Rx,0)x(f 

Also, range of R),0(f  .

Q.24 (1)

1)x(f

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






x1

x3

1x3x

3x33x

1
1x

3x

3
1x

3x







































Now 













x1

x3
f))]x(f(f[f

3 x
3

3 x 3 3x1 x
x

3 x 3 x 1 x
1

1 x

 
     

  
    

  

.

Q.25 (2)

|x|2x4|x2|)x2(2)x2(f  ,

 f x 2x | x | 2x | x |        ,
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Function

|x|x2)x(f   )x(f)x(f)x2(f 

|x|x2x2|x||x|2x4 

Q.26 (4) Here
4

5
)2(f 

Hence 2

2
4

5
3

1
4

5
2

4

5
f))2(f(f)2)(fof( 













 .

Q.27 (2)

|xsin|)x)(gof(  and xsin)x(f 2

 |xsin|)x(sing 2  ;  x)x(g  .

Q.28 (2)

)1xxlog()x(f 2 

and )1xxlog()x(f 2  =–f(x)

f(x) is odd function.

Q.29 (4)

Given )1,0()3,2(:f  and ]x[x)x(f 

 2xy)x(f   2x)x(f)y(f2yx 11   .

Q.30 (1)

xx

xx

1010

1010
y








  














y1

y1
log

2

1
x 10

Let )x(fy   x = f–1 (y)

 













y1

y1
log

2

1
)y(f 10

1


1

10

1 1 x
f (x) log

2 1 x
  

   

JEE-MAIN

OBJECTIVE QUESTIONS
Q.1 (1)

f(x) = sin–1 (|x – 1| – 2)
For domain – 1  |x – 1| – 2  1
 1  |x – 1|  3  x – 1  [–3, –1]  [1, 3]
 x  [–2, 0]  [2, 4]

Q.2 (4)
For domain – log

0.3
(x – 1)  0 and x2 + 2x + 8 > 0

 log
0.3

(x – 1)  0 and
(x + 1)2 + 7 > 0
 (x – 1)  1 and
 x  R
 x  2

Taking intersection x  [2, )

Q.3 (3)

f(x) = cot–1 )3x(x  + cos–1
1x3x2 

for domain x(x + 3)  0 and 0  x2 + 3x + 1  1
 x  (–, –3] [0, ) and x2 + 3x + 1  0 and x2

+ 3x  0  x  [–3, 0]
Taking intersection

x  {–3, 0}

Q.4 (4)

f(x) = log
1/2

2 4

1
–log 1 –1

x

  
  

  

 – log
2 










4/1x

1
1 – 1 > 0

 – log
2 










4/1x

1
1 > 1 ; x > 0

 log
2 










4/1x

1
1 < –1

1 + 4/1x

1
<

2

1

 4/1x

1
< –

2

1

 x

Q.5 (2)
q2 – 4pr = 0, p > 0
f(x) = log (px3 + (p + q) x2 + (q + r) x + r)
 px3 + (p + q) x2 + (q + r) x + r > 0
 (px3 + px2) + (qx2 + qx) + (rx + r) >0
 px2 (x + 1) + qx (x + 1) + r( x + 1) > 0
 (x + 1) (px2 + qx + r) > 0
D =q2 – 4pr
Means it is perfect square D = 0 (given)

x = –
a2

b

(x + 1)
2

q
x

2p

 
 

 
>0 x + 1 > 0  x > –1 (x 

–q

2p
)

 x  (–1, ) –








p2

q
–

 x R –
q

(– , –1] –
2p

  
   

  

Q.6 (1)

f(x) = x 4 2

2

2x – 1
– log log

3 x
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Function

Case-1 :
2

4x 
> 1  x > –2

–

2

4xlog  log
2










 3x

1–x2
 0



2

4xlog  log
2










 3x

1–x2
 0

log
2










 3x

1–x2
 1 

3x

1–x2


 2


3x

7


 0 x > –3

&
3x

1–x2


> 0


1

x ; x –3
2

 

& log
2










 3x

1–x2
> 0


3x

1–x2


> 1


3x

4–x


> 0

 x > 4 ; x < –3

–3 –2 ½ 4

 x  (4, ) .......(i)

Case-2 : 0 <
2

4x 
< 1 – 4 < x < – 2

– x 4

2

log  log
2

2x 1

x 3




 0



2

4xlog  log
2 3x

1–x2


 0 log

2 3x

1–x2


 1


3x

7


 0 x < –3

&
3x

1–x2


> 0 x >

2

1
; x < –3

& log
2










 3x

1–x2
> 0 

3x

4–x


> 0

 x > 4 ; x < –3 x  (–4, – 3) ...(2)
(1)  (2) x  (–4, –3)  (4, )

Q.7 (1)

)5–]x([loglog 2
43/1

log
1/3

log
4

([x]2 – 5)  0 0 < log
4

([x]2 – 5)  1
 1 < [x]2 – 5  4 6 < [x]2  9
[x] always gives integer value so square of GTF will
also give Integer value. In between 6 and 9 are only
perfect square value possible.
[x]2 = 9  [x] = 3 [x] = – 3
3  x< 4 – 3  x < – 2
 x  [–3, –2)  [3, 4)

Q.8 (1)
f(x) = log

e
(3x2 – 4x + 5)

3x2 – 4x + 5 
3

11

 n (3x2 – 4x + 5)  n
3

11

[ n is an increasing function]

 Range is 







,

3

11
n

Q.9 (2)
f(x) = 4x + 2x + 1
Let 2x = t > 0,  x  R
 f(x) = g(t) = t2 + t + 1, t > 0

g(t) =

2

2

1
t 








 +

4

3











2

1
t >

2

1


2

2

1
t 








 >

4

1



2

2

1
t 








 +

4

3
> 1

Range is (1, )

Q.10 (2)

f(x) =
5

log  3)xcosx(sin2 

we know that

– 2  sin x – cos x  2 ,  x  R

[since 22 ba–   a sin x + b cos x  22 ba  ]

 – 2  2 (sin x – cos x)  2

 1  2 (sin x – cos x) + 3  5

 0 
5

log ( 2 (sin x – cos x) + 3)  2

Hence range is [0, 2]
Q.11 (4)

f(x) = 2
log (2 – log

2
(16 sin2 x + 1))

 0  sin2 x  1  0  16 sin2 x  16
 1  16 sin2 x + 1  17



5

Function

 0  log
2

(16 sin2 x + 1)  log
2
17

 – log
2
17  – log

2
(16 sin2 x + 1)  0

 2 – log
2
17  2 – log

2
(16 sin2 x+ 1) 2

 2
log (2 – log

2
17)  2

log M  2


2

– log M 2  

Q.12 (3)

f(x) =

x
cos 1 1

2
x x

1 cos – cos
2 2

x
– cos 1 –1

2

= 2 + 2 cos2

2

x

0  cos2

2

x
 1  0  2 cos2

2

x
 2

2  2 + 2 cos2

2

x
 4 2  y  4

Q.13 (3)

f(x) =
8xsin8xsin2

5xsin4xsin
2

2





f(x) =
2

1

















8xsin8xsin2

10xsin8xsin2
2

2

=
2

1












8xsin8xsin2

2
1

2

=
2

1
















2)2x(sin

1
1

f(x)|
max.

=
2

1
[1 + 1] = 1

f(x)|
min.

=
2

1










9

1
1 =

9

5
 Range  








1,

9

5

Q.14 (2)

f : [2, )  Y
f(x) = x2 – 4x + 5
f(x) = (x – 2)2 + 1
For given domain by graph range is [1, )

For function to be onto codomain y = [1, )

Q.15 (4)

f(x) =
10x2x7

5xx2
2

2




, Domain x  R

f(x)

= 22

22

)10x2x7(

)5xx2)(2x14()10x2x7)(1x4(





f(x) = 22

2

)10x2x7(

20x30x11




> 0  x  (– , 0) 









,

11

30

f (x) < 0  x  








11

30
,0

f(x) = 0 x = 0,
11

30

Function is increasing and decreasing in different
intervals, so non monotonic
 Many one function.
Onto / Into

f(x) =
10x2x7

5xx2
2

2





2x2 – x + 5 > 0,  x  R and 7x2 + 2x + 10 > 0 
x  R
 a = 2 > 0 and

 a = 7 and D = 4 – 280 < 0
D = 1 – 40 = – 39 < 0

 f(x) > 0  x  R
Also f(x) never tends to ± as 7x2 + 2x + 10 has no
real roots, Range  Codomain so into function.

Q.16 (1)
f(x) = x3 + x2 + 3x + sin x, x  R
f(x) = 3x2 + 2x + 3 + cos x

 3x2 + 2x + 3 
12

32
as a = 3 > 0 and D < 0

–1  cos x  1
so f(x) > 0  x  R

x
lim f(x) = + 

x
lim f(x) = – 

Hence f(x) is one-one and onto function (as f(x) is
continuous function)

Q.17 (1)

f(x) =
3

7–a4
x3 + (a – 3) x2 + x + 5



6

Function

Case – 1 : a =
4

7

f(x) = –
4

5
x2 + x + 5 which can't be one-one

Case – 2 : a 
4

7

f'(x) = (4a – 7) x2 + 2(a – 3) x + 1
D  0
 4(a – 3)2 – 4(4a – 7)  0
 a2 – 6a + 9 – 4a + 7  0
 a2 – 10 a + 16  0
 (a – 8) (a – 2)  0 2  a  8

Q.18 (3)
f : (e, )  R
f(x) = n (n (n x))

nx

1

e x

e < x < 
1 < nx < 
0 < n (n x) < 
–  < n (n (n x) < 

nt

O t

Range = Co-domain onto
Let n t = u
Let nx = t ; t  (1, )
n t  (0, )

un ),0(u 

u

one-one
Hence, one-one onto

Q.19 (4)

(0, 2)

0

f : R  R ; f(x) = 6x + 6|x|

x  0 f(x) = 2.6x

x < 0 f(x) = 6x + 6–x = 6x + x6

1
 2

Many-one into

Q.20 (3)

f : R  R ; f(x) =
1x

4–x
2

2


 f(– x)=

1x

4–x
2

2


= f(x)

f(x) is even that's why many-one.

+ – +

–4 1

y =
1x

4–x
2

2


yx2 + y = x2 – 4

x2 =
y–1

4y 
 0


1–y

4y 
 0

 y  [–4, 1)
Range  Co-Domain into

Q.21 (1)

1

y
= xx

xx

ee

ee








By compnendo and dividendo

y1

y1




=

2

e2 x

 2x = n 












y1

y1
 x =

1

2
n

1 y

1 y

 
 
 

 f–1(x) =
1

2
n 













x1

x1

Q.22 (3)

f(x) = x – 








2

x

for the given domain (2, 4)










2

x
will be equal to 1; so y = f(x) = x – 1

 x = y + 1  f–1(x) = x + 1

Q.23 (3)
Domain of f(g(x))
Range of g(x)  Domain of f(x)
 – 5  |2x + 5|  7
 0  |2x + 5|  7
 –7  2x + 5  7
 – 12  2x  2
 – 6  x  1

Q.24 (1)

f(x) =
dcx

bax







7

Function

fof(x) =
d

dcx

bax
c

b
dcx

bax
a



























fof(x) = 2

2

dcdxbcacx

bdbcxabxa





fof(x) =
)dbc(x)cdac(

)bdab(x)bca(
2

2




= x

on comparing coefficient of both side (a2 + bc) x +
(ab + bd) = (ac + cd) x2 + (bc + d2) x

a2 + bc = bc + d2  a = d or a = – d
and ab + bd = 0  b = 0 or a = – d
and ac + cd = 0  c = 0 or a = – d
which can be simultaneously true for a = – d

Q.25 (1)
f(g(x

1
)) = f(g(x

2
))

 g(x
1
) = g(x

2
)

as f is one - one function
 x

1
= x

2

as g is one - one function
hence f(g(x

1
)) = f(g(x

2
))

 x
1

= x
2

 f(g(x)) is one - one function

Q.26 (3)
f(g(x)) = cot–1 (2x – x2)
– < 2x – x2  1
But domain of f(x) is R+

0 < 2x – x2  1


2


> cot–1 (2x – x2) 

4



Range  






 

2
,

4

Q.27 (2)

g(x) = 1 + x – [x] f(x) =










0x1
0x0
0x1

 f(x) = sgnx
f[g(x)] = f(1+ x – [x]) = sgn (1+ x – [x])

= sgn

positive

})x{1(


 = 1

Q.28 (1)
f :[0, 1]  [1, 2] g : [1, 2]  [0, 1]
f(x) = 1 + x
g (x) = 2 – x
gof(x) = g[f(x)] = g(1 + x) = 2 – (1 + x) = 1 – x
Linear polynomial thats why one-one onto.

Q.29 (4)

f(x) =
2

|x|x
=

2x ; x 0; g(x) x ,x 0

0 ; x 0;g(x) x x 0

   


  

gof = g[f(x)] =

2

g(x) ; x 0

x ; x 0

g(0) ; x 0

0 ; x 0




 



 

 fog(x) = f[g(x)] =
















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

0x;)x(f
2

2

fog(x) = gof(x).

Q.30 (3)
f(x) = sec (sin x)
Since sin x is a periodic function with fundamental
period 2. f(x) has a period 2
for fundamental period

f(x + ) = sec (sin ( + x)) = sec (–sin x) = sec
(sin x) = f(x)

f 






 


2
x  f(x) hence fundamental period is 

Q.31 (4)

f(x) = sin  x]a[

Period =
]a[

2
= 

[a] = 4
 a  [4, 5)

Q.32 (1)
f(x) = x + a – [x + b] + sin x + cos 2x + sin (3x)
+ cos (4x) + ........ + sin (2n – 1) + cos (2px)
f(x) = {x + b} + a – b + sin (x) + cos (2x) + sin
(3x) + cos (4x) + .... + sin (2n – 1) + cos (2nx)

Period of f(x) = L.C.M (1, 2,
3

2
,

4

2
, .........,

1n2

2


,

n2

2
) = 2

 period of f(x) = 2
since f(1 + x)  f(x) , hence fundamental period is 2

Q.33 (3)

f(x) = sin
4


[x] + cos

2

x
+ cos

3


[x]

If 0  x < 1 then y = 0



8

Function

1
8

4

2









 



0 2 3 4 5 6 7 8 9

If 1  x < 2 then y =
2

1

If 2  x < 3 then y = 1

If 3  x < 4 then y =
2

1

If 4  x < 5 then y = 0
Period 8/4/6  Lcm = 24

Q.34 (3)
f(x) = x (2 – x) ; f(x + 2) = f(x)
 period = 2

Q.35 (2)

f(x) = log 












xsin1

xsin1

f(–x) = log 












xsin1

xsin1
= – log 













xsin1

xsin1
= – f(x)

odd function
Q.36 (2)

f(x) = [x] +
2

1
, x  

f(–x) = [–x] +
2

1
= –[x] – 1 +

2

1
= – 










2

1
]x[ = –

f(x) odd function
Q.37 (4)

f(x) =
)x(f.xtan2

)x(xf
22

2


given that f(–x) = f(x) ....(1)

f(–x) =
)x(fxtan2

)x(xf–
22

2


 f (– x) = – f(x) ...(2)

When both conditions are there only one possibility
is there when f(x) = 0  f(10) = 0

Q.38 (1)

f(x) =
acx

cax




= y

f(y) = acy

cay




=

a
acx

cax
c

c
acx

cax
a



























= 22

22

aacxcacx

acxcacxa




= x

Q.39 (4)

f(x) = cos












2

2

x + sin












2

2

x ;
2

2
~ 4.9

f(x) = cos 4x – sin 5x
f(0) = 1

f 






 

3
= cos

3

4
– sin

3

5
=

2

13 
=

13

1



f 






 

2
= 0

f() = 1

Q.40 (4)

f(x) = |x – 1|
f(x2) = |x2 – 1| and f2(x) = |x – 1|2

 f(x2)  f2(x)

f(x + y) = |x + y – 1| and f(x) + f(y) = |x – 1| + |y
– 1|
 f(x + y)  f(x) + f(y)

f(|x|) = ||x| – 1| and |f(x)| = ||x – 1||

Q.41 (2)

(1) f(x) = sin–1x + cos–1x, x  [–1, 1] and g(x) =
2


,

x  R

f(x) =
2


, x  [–1, 1] and g(x) =

2


, x  R Non-

identical functions

(2) f(x) = tan–1x + cot–1x and g(x) =
2


, x  R

f(x) =
2


, x  R and g(x) =

2


, x  R Identical

functions

(3) f(x) = sec–1x + cosec–1x and g(x) =
2


, x  R

f(x) =
2


, |x|  [1, ) and g(x) =

2


, x  R Non-

identical functions

Q.42 (1)











2000

1999

2

1
= [0.5+0.995] = 1 

(first thousand terms











2000

1000

2

1
= [0.5 + 0.5] = 1



9

Function

will be equal to 0)
(1 + 1 + .......... + 1)

1000 times
= 1000

Q.43 (1)
f(x) = sgn [x + 1]

–1

–1

–1

= 1 if [x + 1] > 0
 [x] > – 1  x  0

= 0 if [x + 1] = 0
 [x] = – 1 –1  x < 0
= – 1 if [x + 1] < 0
 [x] < – 1  x < –1

Q.44 (2)
f(x) = 2 sin2 + 4 cos (x + ) sinx.sin + cos (2x+2)
f(x) = cos 2x

 f – x
4

 
 
 

= cos 2 – x
4

  
  

  
= sin 2x

 f2(x)+ f2 – x
4

 
 
 

= 1

Q.45 (2)
z  integer

z z

Domain Co-domain

f(x) = ax2 + bx+ c
f(0) = c  I
f(1) = a + b + c = I
f(1) – f(0) = a + b  I

Q.46 (3)

(A) 2/)nx(e  and x  D
1
 (0, ) ; D

2
 [0, )

Domain are not same so not identical
(B) tan–1 (tan x) and cot–1 (cot x)

Domain are not same so non identical
(C) cos2x + sin4x and sin2x + cos4x

x  R & x  R Identical

Q.47 (4)
f(x) = cos (n x)
f(x) . f(y) = cos(n x) . cos (n y)

f 








y

x
+ f(xy) = cos (n x – ny) + cos (n x + n y)

 f(x) . f(y) –
2

1






















)xy(f

y

x
f = cos (n x) cos

(n y) –
2

1
[2 cos(nx) cos (n y) = 0

Q.48 (4)

f 









x

1
x = x2 + 2x

1
=

2

x

1
x 








 – 2

Replace x +
x

1
= t, where |t|  2

 f(t) = t2 – 2, |t|  2
Q.49 (3)

f(1) = 1 = 2 – 1

f(n + 1) = 2f(n) + 1
 f(2) = 2f(1) + 1 = 2. 1 + 1 = 3 = 22 – 1

f(3) = 7 = 23 – 1

f(4) = 15 = 24 – 1
Similarly f(n) = 2n – 1

Q.50 (2)
Method 1 : (usual but lengthy)

x2 f(x) + f(1 – x) = 2x – x4

.....(1)
replace x by (1 – x) in equation (1)
(1 – x)2 f(1 – x)+ f(x) = 2 (1– x) – (1 – x)4

.....(2)
eliminate f(1 – x) by equation (1) and (2)
we get
f(x) = 1 – x2

Method 2 :
Since R.H.S. is polynomial of 4th degree and also

by options consider f(x) = ax2 + bx + c
x2 f(x) + f(1 – x) = 2x – x4

 x2 (ax2 + bx + c) + a (1 – x)2 + b (1 – x) + c = 2x
– x4

by comparing coefficients
a = – 1
b = 0
c = 1

 f(x) = – x2 + 1

Q.51 (3)
y = 2[x] + 3 and y = 3[x – 2]
2[x] + 3 = 3[x] – 6
 [x] = 9 x [9, 10)
 y = 21
 [x + y] = 30

Q.52 (4)
y = f(x)
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Function

f 









x

1
x = x2 + 2x

1
(x  0)

f 









x

1
x =

2

x

1
x 








 – 2

 f(x) = x2 – 2

JEE-ADVANCED

OBJECTIVE QUESTIONS

Q.1 (D)

f(x) =   x3tan)1x2(cos1x

1
1  

here – 1  2x + 1 < 1  – 2  2x < 0  – 1  x <

0

 x  [–1, 0)

But x  – 1 as |x| – 1  0

 x  (–1, 0)

for x  (–1, 0), (|x| – 1) is –ve

 tan 3x < 0

0 > 3x > –
2


or x  







 
 0,

6

Domain : 






 
 0,

6
 (–1, 0)  







 
 0,

6

Q.2 (D)

f(x) = sin–1












 
2/3

3

x2

x1
+ )xsin(sin + log

(3{x} + 1)
(x2 + 1)

Domain : 3{x} + 1  1 or 0
 x 

and – 1  2/3

3

x2

x1
 1

– 2x3/2  1 + x3  2x3/2

1 + x3 + 2x3/2  0
(1 + x3/2)2  0

 x  R
1 + x3 – 2x3/2  0

or (1 – x3/2)2  0
or 1 – x3/2 = 0 or x = 1
Hence domain x

Q.3 (A)
Domains of f(x) is (– , 0]
Domains of f (6{x}2 – 5 {x} + 1)

6{x}2 – 5{x} + 1  0 
3

1
 {x} 

2

1

n +
3

1
 x  n +

2

1
; n  I  n I

U


1 1
n ,n

3 2

 
  

 

Q.4 (D)
f(x) = cot–1 (x2 – 4x + 3),
Domain x  R

range of x2 – 4x + 3 is [–1, )
– 1  x2 – 4x + 3 < 

4

3
 cot–1 (x2 – 4x + 3) > 0

Range y  






 

4

3
,0

Q.5 (D)
f(x) = (sin–1x + cos–1x)3 – 3 sin–1x cos–1x (sin–1x +
cos–1x)

=
8

3
– 3 sin–1x 










  xcos
2

1

2


=

8

3
–

4

3 2
sin–1 x + 3

2


(sin–1x)2

=
8

3
+

2

3











 



 

16
xsin

2
)x(sin

2
121

–

32

3 3
=

32

3
+

2

3
2

1

4
xsin 







 


maximum value of f(x) at x = – 1

f
maximum

=
32

3
+

2

3
×

16

9 3
=

8

7 3

Q.6 (D)
[2 cos x] + [sin x] = – 3

–2, –1, 0, 1,2 –1, 0, 1

–3

– 2  2 cos x< – 1

– 1  cos x < –
2

1

x  






 

3

4
,

3

2
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Function

O

–1 +1

O

3/2

2

1

2

1
–

3/4

–

– 1  sinx < 0
x  (, 2)

0

3

2 

3

4 2

 < x <
3

4

f(x) = sin x + 3 cos x

= 2
1 3

sinx cosx
2 2

 
 

  
= 2 sin 







 


3
x = 2 sin 

 +
3


<  <

3


+

3

4


3

4
<<

3

5

3

4

3

5

2

3


 – 1  sin  < –
2

3

 – 2  2 sin  < – 3

 [– 2, – 3 )

Q.7 (B)
Area (AMN)

=
2

1
(2x) x = x2

(AP = 2 )

0 < x  2
0 < x2  2

A B

CD

N
x

x

M

P

2

2

x

N

M

A B

CD

2  x < 2 2

PC = 2 2 – x

MN = 2(2 2 – x)

Area (AMN)

=
2

1
2(2 2 – x) x

= 2 2 x – x2 = – (x2 – 2 2 x)

= – [(x – 2 )2 – 2] = 2 – (x – 2 )2

 x = 2 , y = 2 ; x = 2 2 , y = 0 y  (0, 2]

Q.8 (C)

f(x) =
]x[x1

]x[x




= }x{1

}x{

 = 1 – }x{1

1



 {x}  [0, 1) f(x)  








2

1
,0

Q.9 (D)
Here (2 – log

2
(16 sin2x + 1) > 0

 0 < 16 sin2x + 1 < 4

 0 sin2x <
16

3

 1  16 sin2x + 1  4
 0  log

2
(16 sin2x + 1) < 2

 2  2 – log
2

(16 sin2x + 1) > 0

 2log
2


2

log (2 – log
2

(16 sin2x + 1)) > – 

 2  y > – 
Hence range is y  (– 2]

Q.10 (D)

f(x) = |x|x

|x–|x

ee

e–e


=











 

0x;0

0x;
e2

ee
x

xx

for x  0

y = x

x–x

e2

e–e
= x2

x2

e2

1–e
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Function

Let t = ex  y = 2

2

t2

1–t

ex  1 t  1
 2yt2 = t2 – 1

t2  1 t2 =
y2–1

1
 1 

1
0 y

2
 

Q.11 (C)
f(x) = 2[x] + cos x

f(x) = cos x x  [0, 1)
= 2 + cos x x  [1, 2)
= 4 + cos x x  [2, 3)

= 6 + cos x x  [3, 4)
for x  [0, 1) f(x) = – ve

x  [1, 2) f(x) = – ve

x  [2, 3) f(x) = – ve
x  [3, 4) f(x) = + ve

 function is not one-one

if x  [0, 1) range : [1, cos 1)
x  [1, 2) range : [2 + cos 1, 2 + cos 2)

not onto function

Q.12 (D)
f(x) = px + sinx

f '(x) = p + cos x
p  0 for converging ranges of f(x) is (–, )

f '(x) = P + cos x > 0 or < 0  x  R
P (–, –1)  (1, )  f'(x) will not be zero.

Q.13 (B)
f : S  R+, f() = area of the 
S  set of triangle ; R+  set of real values

for one base there are many triangle can possible. So
many-one.

Q.14 (D)

f :(–, 1)  [0, e5] ; f(x) = )2x3–2x–(e  = 2–x3x– 2

e 

t(x) = – x2 + 3x – 2

]0,(–Range 

= – (x – 2) (x – 1)
–  < t(x) < 0

0 < et(x) < 1
f(x) = et(x)

f(x
1
) = f(x

2
)

)x(t)x(t 21 ee  t(x
1
) = t(x

2
)

x
1

= x
2
 t is one-one f is one-one function.

Q.15 (A)

xy – 3y = x – 2  x (y – 1) = 3y – 2

 x = f–1 (y) =
1y

2y3





Q.16 (B)
x = 10 satisfies

f (x) = x
Q.17 (C)

f(x) = cot–1x R+  






 

2
,0

g(x) = 2x – x2 R  R
f(g(x)) = cot–1 (2x – x2), where x  (0, 1]

hence f(g(x))  






 

2
,

4

Q.18 (B)
f(x) = |x – 1| f : R+  R
g(x) = ex, g : [–1, )  R

fog(x) = f[g(x)] = |ex – 1|
D : [–1, )
R : [0, )

Q.19 (A)

f 









3

1
x = 










3

1
x + 










3

2
x + [x + 1] –

3 









3

1
x + 15

= 









3

1
x + 










3

2
x + [x] – 3x + 15 = f(x)

 fundamental period is 1/3

Q.20 (D)

f(x) = sin ]a[ x 
2

[a]


= 

4 = [a] a  [4, 5)

Q.21 (B)

f(x) =
1e

x
x 

+
2

x
+ 1 =

2

x


















1e

1e
x

x

+ 1

f(– x) = –
2

x





















1e

1e
x

x

+ 1 =
2

x


















1e

1e
x

x

= f(x)
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Function

even function
Q.22 (D)

f(x) =
)1a(x

1a
xn

x





 f(x) = f(–x)


)a1()x(

a1
xn

x




=

)1a(x

1a
xn

x




 (–x)n = – xn

n = –
3

1

Q.23 (C)

g : [–2, 2]  R ; g(x) = x3 + tan x +










 

p

1x2

g(– x) = – g(x)












 

p

1x2

= 0

 0 
p

1x2 
< 1

 x2 + 1 = 5 
p

5
< 1

p > 5

Q.24 (D)

(A) xsin1 =
2

x
cos

2

x
sin 

sin
2

x
+ cos

2

x

non-identical function

(B) sin–1
2x1

x2


= 2 tan–1 x, x  [–1, 1] only

2 tan–1 x, x  R

non-identical function

(C) 2x = |x|, x R

 2x = x, x R+ U {0}

non-identical function

(D) nx3 + n x2 = 5 nx, x > 0

5x , x > 0
identical function

Q.25 (C)
[x] + 2 {– x} = 3x
Case–1 : x  I ; x + 0 = 3x  2x = 0  x = 0

Case–2 : x  I
 [x] +2 (1 – {x}) = 3x [x] + 2 – 2 (x – [x]) = 3x
[x] + 2 – 2x + 2 [x] = 3x 3[x] = 5x – 2 ...(1)

x – {x} + 2 – 2{x} = 3x
 2 – 3{x} = 2x 0  {x} < 1
0  3{x} < 3 0  2 – 2x < 3

– 2  – 2x < 1
– 1 < 2x  2


1

– x 1
2
 

If –
2

1
< x < 0

from (1) – 3 = 5x – 2  x = –
5

1

If 0  x< 1

from (1) 0 = 5x – 2  x = 2/5  3 solution
If x = 1 (reject as x  I is already taken)

Q.26 (C)
0 < A < 1, 0 < B < 1, 0 < c < 1
 0 < A + B + C < 3

p = [A + B + C] = 2, q = [A] + [B] + [C] = 0
Maximum value of p – q means maximum value of p

and minimum value of q = 2 – 0 = 2

JEE ADVANCED

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

f(x) = n (sin–1(log
2
x))

Domain 0 < log
2
x  1, x  (1, 2]

Range 






 


2
n, 

Q.2 (B,D)
Domain D  [–1, 1]
(A) f(x) = x2 many -one

(B) g (x) = x3 one - one
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Function

(C) h(x) = sin 2x many - one

(D) k(x) = sin 






 

2

x
one-one function

Q.3 (A,D)

f : I+ R, f(x) = x

Range = {y : y = n , n  I+}

 function is not onto but one-one
Q.4 (B,C,D)

f : R  [–1, 1]

f(x) = sin 






 
]x[

2
=














2x1,1

1x0,0

0x1–,1–

Many - one function
into function

Also f(x + 4) = sin 










]4x[

2

= sin 






 
 ]x[

2
2

= sin 






 
]x[

2

= f(x) and hence periodic
Q.5 A,B,C)

(A) f(x) = cos (cos–1 x) = x, x  [–1, 1]
odd function
(B) f (x + ) = cos (sin (x +)) + cos (cos (x + ))

f (x + ) = cos (sin x) + cos (cos x) = f(x)

f 






 


2
x = cos 















 


2
xsin + cos 















 


2
xcos

= cos (cos x) + cos (sin x)
= f(x)

fundamental period =
2



(C) f(x) = cos (3 sin x), x  [–1, 1]
– 3 sin1 3 sin x 3 sin 1

 cos (3 sin 1) cos (3 sin x) 1
 Range is [cos (3 sin1), 1]

Q.6 (B)
f : R  R, f(x) = x3 + ax2 + bx + c
f(x) = 3x2 + 2ax + b
D  0 or 4a2 – 12b  0
or a2  3b

Q.7 (A,B,C,D)

f(x) =
}x{

])x[sin(
= 0 , x  

(A) By graph fundamental period is one
(B) f(–x) = 0 = f(x)

 even function
(C) Range y  {0}

(D) y = sgn














}x{

}x{
sgn – 1, x  

y = sgn (1) – 1 y = 1 – 1
y = 0, x   Identical to f(x)

Q.8 (A,B)
f ; [–1, 1]  [0, 2]
for onto function

Range = codomain
only two linear functions possible as show in graph.

Q.9 (A,B,C)
By definition

Q.10 (B,C,D)
f : R  [–1, 1]
0  x < 1 ; y = 0

1  x < 2 ; y = 1
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Function

2  x < 3 ; y = 0

10 2 3 4 5 6

–1

1

3  x < 4 ; y = –1
4  x < 5 ; y = 0
5  x < 6 ; y = 1

Q.11 (A,C)

f(x) =
x1

x–1


, 0  x  1

g(x) = 4x (1 – x),0  x  1

fog(x) =
)x(g1

)x(g–1


=

)x–1(x41

)x–1(x4–1


= 2

2

x4–x41

x4x4–1





gof(x) = 4f(x) . (1 – f(x))

= 4 


























 x1

x–1
–1

x1

x–1

= 2)x1(

)x–1(x8



Q.12 (A,B,C)
f(x) = sin4 3x + cos4 3x

period = L.C.M. 






 

3
,

3
=

3



For fundamental period








 


6
xf = sin4 















 


6
x3 + cos4 















 


6
x3

= cos4 3x + sin4 3x = f(x)

fundamental period =
6



Q.13 (A,B,D)
(A) f(x) = [x + 1] = [x] + 1
non periodic
(B) f(x) = sin x2 non periodic
(C) f(x) = sin2 x periodic with period 
(D) f(x) = sin–1 x monotonic  non-
periodic

Q.14 (A,D)
f(x) = sin x + tan x + sgn (x2 – 6x + 10)
f(x) = sinx + tan x + sgn ((x – 3)2 +1)
f(x) = sin x + tan x + 1
period = L.C.M. (2, ) = 2
fundamental period = 2

Q.15 (B,C,D)

(A) f(x) = )x(secn 1–

e = sec–1x;

sec–1x > 0 but not equal to zero, so x  1
x  (–, – 1]  (1, )
g(x) = sec–1x, x  (–, – 1] [1, )
non-identical functions

(B) f(x) = tan (tan–1 x) = x, x  R
g(x) = cot (cot–1 x) = x, x  R
identical functions

(C) f(x) = sgn (x) =














0x1–

0x0

0x1

g(x) = sgn(sgn x) =














0x1–

0x0

0x1

Identical functions

(D) f(x) = cot2 x . cos2 x,
x  R – {n }, n I
g(x) = cot2 x – cos2 x
= cot2 x (1 – sin2 x)
= cot2 x. cos2 x
x  R – {n }, n I

Identical functions

Comprehension # 1 (Q. No. 16 to 18)

Q. 16 (A)
f(x) = x2 + x + a

f(x)  0

 


















4

1
–a

2

1
x

2

 0

Hence a 
4

1

Q.17 (B)
If a = – 1

f(x) = x2 + x – 1
D = 1 + 4 > 0

 many one function and cubic polynomial have
range (– , ) hence onto function

Q.18 (A)
For f(x) to be invertible f(x) should be one-one that
is f(x)0,

 a  







,

4

1
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Function

Comprehension # 2 (Q. No. 19 to 21 )
Q.19 (A)

f
2

(x) =
2

1
 |)x(|f =

2

1

 f(|x|) = ±
2

1

 |x| = e ,
2

1

Q.20 (D)

f(|x|) = |)x(|f

 f(|x|)  0

Q.21 (C)
Range of f

3
(x) = [–1, 1]

 log
27

(f
3
(x)+2) = [log

27
1, log

27
3]

Comprehension # 3 (Q. No. 22 to 24 )

Q.22 (C)

Q.23 (A)

Q.24 (A)
Sol. (22 to 24)

Period of 







4

x
tan

e is 4

cos 






 

2

])x[21(
= 0  x  R

Period of sin 








2

]x[
is 4

 Period of f(x) is 4

 p = 4 then y = 2]x[]x[28 

 – [x]2 + 2 [x] + 8  0

 [x]2 – 2[x] – 8  0

i.e., ([x] – 4) ([x] + 2)  0

 – 2  [x]  4

 – 2  x < 5

 q = – 2 ,

r = 5
 r – q – 1 = 5 + 2 – 1 = 6

f
2

(x) =








0x,x2

0x,2x

f
2
(f

2
(x)) =









0(x)f),x(f2

0(x)f,(x)f2

22

22

=





















0x,0x2,x)(22

0x,0x2,x22

0x,02x,)2x(2

0x,02x,2x2

=








0x,x4

0x,x4

Range of f
2
(f

2
(x)) is [4, )  (4 , ) = [4 ,

 ) = [p ,  )

Q.25 (A)–R; (B)–S; (C)–P; (D)–Q

(A) –1 
x

1x 
 1 

x

1
 0 &

x

1x2 
 0

(B)
1x

2x3x2




 1 

2x 2x 3

x 1

 


 0

(C)
2

1x 
> 0 &

2

1x 
 1

(D) 12x2  2x > 0

Q.26 (A)  (q, r), (B)  (q, r), (C)  (q), (D)  (s)

(A) y = sin 






 


3
t2 + 2 sin 







 


4
3 + 3 sin (5

t)

LCM 




















2

5
,

2

3
,

2

2
= LCM = 









5

2
,

3

2
,1 = 2

(B) y = {sin x} period = 2

For x  








2

1
,0 function is one-one

For x (0, 2) and x  (0, 8)
function is money - one

(C) y =
2

1




























x
4

cos

x
4

sin

x
4

cos

x
4

sin

(D) Since f(x) is bijective,
 f(0) = 0 or 2 but f(0) = 0  c = 0
(which is not true)  f(0) = 2 & f(2) = 0
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Function

Q.27 (A)–S; (B)–
R; (C)–P;
(D)–Q
(A) Graph below x-axis will shift to above the x-
axis.
(B) f(|x|) is an even function. So graph on LHS of
y-axis will below as same as that of RHS of y-axis
(C) f(|x|) is an even function. So graph on RHS of
y-axis will below as same as that of LHS of y-axis

(D) y =







0)x(fif)x(f
0)x(fif0

Q.28 (A) (q), (B) (s), (C) (p), (D) (r),

(A) sin–1
x + cos–1

x =
2


 x  [0, 1]

(B) sin–1 x + cos–1 





  2x1 = 0

 cos–1 2x1 = – sin–1(x)

 x  [–1, 0]

(C) g 













 2

2

x1

x–1
= 2h(x)

 cos–1














 2

2

x1

x–1
= 2 tan–1 x

 x [0, )

(D) h(x) + h (1) = h 






 

x–1

x1

 tan–1 x + tan–1= tan–1 






 

x–1

x1

x (–, 1)

NUMERICAL VALUE BASED

Q.1 [17]
7x – x2 – 6  0  x2 – 7(x) + 6 
0
(x – 1) (x – 6)  0  x  [1, 6] and

sinx + cosx  0  






 

4

3
,1  







 
6,

4

7

Q.2 [0]

f(x) =
)1x)(1xx(

)1x)(2xx(
2

2




; x  R – {0}

f(x) =
1xx

2xx
2

2




;

x  R – {0, –1}

y =
1xx

2xx
2

2





 (y – 1)x2 + (y – 1)x + y – 2 = 0
y  1, D  0

(y – 1)2 – 4(y – 1)(y – 2) = 0

 1 < y  7/3

at x = 0 we get y = 2

& y = 2  2 =
1xx

2xx
2

2





 x(x + 1) = 0

 x = 0, –1 but x  0, –1

so y  2

Range 








3

7
,1 – {2}.

Q.3 [2]

f & g are 2 distinct functions [–1, 1]  [0, 2] onto
functions
So f & g are either –x+ 1 or x + 1

Case-I f(x) = –x + 1 ;
g(x) = x + 1

h(x) = )x(g

)x(f
=

x1

x1




;

h(h(x)) =

x1

x1
1

x1

x1
1











= x

h(1/x) =
1x

1x




;

h(h(1/x)] =

1x

1x
1

1x

1x
1











=
x

1



















x

1
hh))x(h(h = |x + 1/x| > 2 as domain

does not contain point x = ± 1
Case-II

f(x) = 1 + x ; g(x) = 1 – x

h(x) =
x1

x1




;

h(h(x)) =

x1

x1
1

x1

x1
1











= –
x

1
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Function

h(h(1/x)) = – x ; 

















x

1
hh))x(h(h = |–x

– 1/x| = (x + 1/x) > 2

Q.4 [34]
f(–x) = – [ax7 + bx3 + cx] – 5 ;f(–x) = – [f(x) + 5] – 5
f(–x) = – f(x) = – 10 put x = 7
f(7) = – 17 so f(7) + 17 cosx =
– 17 (cos x – 1)  [–34, 0]

Q.5 [20]

Period of xsin2

e is 

and that of tan2x is /2
so number of solutions in (0, ) is 2

Number of solutions in [0, ] is 2
so number of solution in [0, 10] = 20

Q.6 [22]

21 x

22 y

23 z

case- case-

case-

f(21) = x T F
F

f(22)  x F T
F

f(23)  y F F

T
case- f(22) = x, f(23) = y

then f(21) = x is not true

case- f(23) = y, f(22) = z, f(21) = x
not possible

case- f(22) = x, f(23) = z, f(21) = y

 f – 1 (x) = 22

Q.7 [3] or [ x = 1,
2

51– 
]

2

1x3 
= 2 3 1–x2

Let f(x) =
2

1x3 

 f – 1(x) = 3 1–x2

Equation becomes f(x) = f – 1(x)

 f(x) = x


2

1x3 
= x

 x3 – 2x + 1 = 0

 (x – 1) (x2 + x – 1) = 0

 x = 1,
2

51– 

Allter :

Let y = 3 1–x2

 y3 – 2x + 1 = 0 and x3 – 2y + 1 = 0

 (y3 – 2x + 1) – (x3 – 2y + 1) = 0

 (y – x) (y2 + xy + x2 + 2) = 0

 y = x or y2 + xy + x2 + 2 = 0

 y = x or (x + y)2 + x2 + y2 + 4 = 0

Putting y = x in y = 3 1–x2 , we get

x3 – 2x + 1 = 0

Which yields the values x = 1,
2

51– 

KVPY

PREVIOUS YEAR’S

Q.1 (C)
f(x) = ax2 + bx + c
given f(1) = 0

a b c 0   

and 40 < f (6) < 50

40 36a 6b c 50    

40 35a 5b 50   

8 7a b 10   
7a + b = integer = 9 .....(1)
and 60 < f(7) < 70

60 49a 7b c 70    

60 48a 6b 70   

10 8a b 11.6   

8a + b = integer = 11 ......(2)
Solving (1) & (2)
a = 2, b = – 5, c = 3
f (x) = 2x2 – 5x + 3
f (50) = 4753
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Function

1000 t < f (50) < 1000(t + 1)
(1000 × 4) < 4753 < 1000 (4 + 1)
t = 4

Q.2 (C)
Clearly f ( + x) + f ( – x) (every term
contain cosine)

9 2 8 3 7
f f ,f f ,f f

5 5 5 5 5 5

                
             

           

4 6
f f

5 5

    
   

   

3
T f (0) 2 f f

5 5

      
      

    

2 4
2 f f f ( )

5 5

      
       

    

f (0) – f () = 2 (1 + B + D)

3 4
f f f f

5 5 5 5

          
         

       

3
2 1 Bcos Dcos

5 5

  
   

 

2 4 2 3
f f f f

5 5 5 5

          
         

       

6 2
2 1 Bcos Dcos

5 5

  
   

 

T  contains only B, D terms

Q.3 (C)

x I & [x] 1 

 x (2, 3) only option satisfy.

Q.4 (C)

1, if x A B
f (x,A B)

1, if x A B
 

 
 

if x A, x B
if x A, x B
if x A, x B

  


  
  
 f (x, AA B) = 1  None of the

option (A, B, D) satisfy

if x A,x B   f (x, AAB) = 0C (only C satisfy)

Q.5 (C)
(2011)n + nC

1
(2011)n-1 + nC

2
(2011)n-2 +...+ nC

n-1
(2011)+

nC
n–1

= (2011+1)n –1

Q.6 (D)
f (x) = x9 (x3 – 1) + x (x3 – 1) + 1 positive for x  1 or
x  0

= 1 – x + x4 – x9 + x12 positive for x (0, 1)
f (x) is always positive

Q.7 (2)

f (x) 4 2x 5  

4 2x 5 0   2x + 5  0

2x 5 4  x  –5 / 2

11
x

2


5 11
x ,

2 2

 
   

mid point =
5 / 2 11/ 2 3

2 2

 


Q.8 (B)
Only when a

1
= a

2
= a

3

In other cases f (x) will take both positive and nega-
tive values

Q.9 (B)

 
x 1

f x
x 1






f 2 (x) = f (f (x)) =

x 1
1

x 1 x 1f
x 1x 1 1
x 1




      


= x

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

x 1





f 4 (x) = x
P = f (2). f 3 (3) f 3 (4) f 4 (5)

P = 3 × 3 ×
5

3
× 5 = 75

Multiple of P is 375
Q.10 (C)

Coefficient of highest degree term must be negative
because if it is positive, then x , y  and it is
not possible, since f(x) < 100.
Now, graph will be like

100

1/2

y

x
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Function

at least two real roots will be there, & if x 
1

2
, then

f(x) < 100, it is not always true, as the graph can be
like this also

100

C 1/2

Now, let the highest coefficients, it can have is 49

then, 2

1 49 49
f 49 ....

2 2 2

 
    

 
 

But the sum cannot be equal to 100.

Q.11 (B)
Domain of f(g(x)) is R
 2 – cosx – cos2 x > 0
(cos x + 2) (cos x –1) < 0  –2 < cos x < 1
x  R
Domain of g(f(x)) is [–2, 1]

 2cos 2 x x 

2 –x –x2 > 0
Domain of f(g(x)2) is R

 2 – cos2x –cos4x > 0
(cos2x + 2) (cos2x –1) < 0
–1 < cos x < 1
x  R
Domian of g(f 3(x)) is Domain of g(f(x))

i.e., [–2, 1]

Q.12 (C)

   
1

f x x f 1 x 1
2

 
     

   
1

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

 
       

 

 
3

f 1 x x f (x) 1
2

 
    

 

1 f (x) 3
x f (x) 1

1 2x
2

  
   
 

   23 3 x 1
1 f x x x f x x

2 2 2 2

 
      

 

  2 1 1
f x x x x

4 2

 
     
 

  2f x 4x 4x 1 4x 2   

  2

2 4x
f x

4x 4x 1

 


 

   
2 0 2 4

2f 0 3f 1 2 3
0 0 1 4 4 1

      
     

      

 3 2
4 4 6 2

1


       



Alternate
Put x = 0

       
1

f 0 f 1 1 2f 0 f 1 2
2

    

put x = 1

       
3

f 1 f 0 1 2f 1 3f 0 2
2

    

solving above f(0) = 2 and f (1) = – 2
2f(0) + 3f(1) = 4 – 6 = – 2

Q.13 (B)

n n 1 1

n n 1 1

a a a
S ......

a a a




      
     

 

1 2 na a ...... a    

 1 2 n

1 2 n

1 1 1
S a a .... a ..... n

a a a

  
          

  

 1 2 n

1 2 n

1 1 1
S n a a .... a ......

a a a

 
        

 

from A.H. H.M.

  2
1 2 n

1 2 n

1 1 1
a a .... a ...... n

a a a

 
       

 

 S n n 1  

Q.14 (D)
Q.15 (C)

Case (1) n = even

n
n / 2n

n 1
n 1 n 1 1

2

CA
2

A C
  

 

so for all n even given relation is true.
Case (2) n = odd

n
n 1

n 2
n 1

n 1 n 1 1

2

C
A 2n

A n 1C




  

 


which satisfies only for n = 19
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Q.16 (D)

(A) [x + y]  [x] + [y]

let x = 0.1
y = 0.9

[0.1 + 0.9]  [0.1] + [0.9]

1  0 + 0 wrong

(B) [xy]  [x ] [y]

1
x 2;y

2
 

 
1 1

2. 2
2 2

   
      

1 0 wrong 

 xx(C) 2 2   

 0.990.99x 099 2 2   

0.992 2º 1 wrong    

 
 
 
xx

D
y y

 
 

 

given x, y  1

 
 
xx

if x y 0 0 true
y y

 
   

 

 
 
xx

if x y always true
y y

 
  

 

Q.17 (D)
f (x y) = f (x) + f (y)
 f (x) = log

a
x

So, f (12) = 24
 log

a
12 = 24

 12 = a24 & f (8) = 15
 log

a
8 = 15

 8 = a15  2 = a5

So, f (48) = log
a

48 = log
a

12 + log
a

4
= log

a
12 + log

a
22

= 24 + 2 ·5
= 34

Q.18 (B)

graph of given function actually look like this

2

x=9–9 0

Clear from graph option(B) is right

Q.19 (D)

f(x) = 2

{x}

1 [x]

x 1
; 1 x 0

2

x; 0 x 1

x 1
; 1 x 2

f (x) 2

x 2
2 x 3

5

So on


  


 

 
  

 
 

 








Now check accordingly.

Q.20 (B)
Let h (x) = 9 (f (x))
and n (x) is onto (given)
 Co-domain of h (x) = Range of h (x)
Range of h (x) = [0, 2]
Range of h (x) = 9 (f (x)) it means g is giving [0, 2]
which is also co- domain of g.
So, g must be onto.
Now, Domain of g = [– 1, 1] which must be range of f.
But, co-domain of f = [ – 1, 1]
So, f must be onto

Q.21 (D)
Only condition that g(x) should satisfy for gof (x) =

x x [0,1]  is that g(x) should attain all values in [0,

1] when range of f (x) a subset of (– 1, 1) is used as
image for g (x). Thus there can be infinite such
function g (x) with domain [ – 1, 1] and range [0, 1]

Q.22 (D)

f(x2) = f(x3)

 f() = f(2/3) = f(4/9) =......= (
n n2 /3 ) = f(0) as

n

 f(a) = f(1)  f(x) is constant function

 f(x) is differentiable and even function

Q.23 (B)

f(x) = x6 – 2x5 + x3 + x2 – x – 1 = (x2 – x)(x4 – x3 – x2

– 1) + (2x2 – 2x – 1)

 f(a) = 2a2 – 2a – 1

 f(a) + f(b) + f(c) + f(d) = 2(a2 + b2 + c2 + d2) – 2(a

+ b + c + d) – 4

= 2[1 – 2(–1)] – 2(1) – 4 = 0
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Function

Q.24 (B)

(x – [x]) (x2 + [x]2 + x[x])

= (x – [x]) (x2 + [x]2 – 2x[x])

 (x – [x]) (3x [x]) = 0

 x = 0 or [x] = 0 or x = [x]

 x  Z  [0, 1)

Q.25 (C)

5

4

3

2

1

–1

–2

–3

–4

–5

–1 2 3 4 512345

From the graph it is clear that the equation has no-

solution.

Q.26 (B)

 20182020 2018

2018 2018 018

4 2 1 32 1 4.2 1

2 1 2 1 2 1

  
 

  

2018

3
4 t,3 t 4

2 1
   



Now

2020

2018

2 1
3

2 1

 
  

similarly
2020 2018

2018 2018 2018

3 1 9.3 1 8
9

2 1 3 1 3 1

 
  

  

2020 1

2018

3
8

3 1

 
  

similarly

2020
2

2018

n 1
n 1

2 1

 
   

(22 – 1) + (32 – 1) + (42 – 1) + (52 – 1) + (62 – 1)

= 3 + 8 + 15 + 24 + 35 = 85

JEE-MAIN

PREVIOUS YEAR’S

Q.1 (3)

f(n + 1) = f(n) + 1

f(2) = 2f(1)

f(3) = 3f(1)

f(4) = 4f(1)

….

f(n) = nf(1)

f(x) is one-one

Q.2 (4)

f(x) =

x

x

5

5 5

f(2 – x) =

2 x

2 x

5

5 5





= x

25

5.5 25 = x

5

5 5

f(x) + f(2 – x) = 1

Now
1 39

f f
20 20

    
    

    
+

2 38
f f

20 20

    
    

    
+....+

19 21
f f

12 20

    
    

    
+

20
f

20

 
 
 

= 1  19 +
1

2
=

39

2

Q.3 (2)

af(x) + f
1

x

 
 
 

= bx +
x


.....(i)

x 
1

x

af
1

x

 
 
 

+ f(x) =
x


+ x ......(ii)

(i) + (ii)

(a + )
1

f (x) f
x

  
   

  
=

1
x

x

 
 

 
(b + )

1
f (x) f

x
1

x
x

 
  

 


=

2

1
= 2

Q.4 (1)
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Function

 
  
  x 2

x 2 x 1 3
g 2 lim

2x 3 x 2 7

 
 

 

For domain of fog (g)

2

2

x x 2
1

2x x 6

 


 
    2 2

x 1 2x 3  

 (3x+4) (x+2)0

x (–, –2)
4

,
3

 
    

Q.5 (2)
g(f(x))=f(x)
 g(x)=x, when x is even
 So total number of functions from A to A
= 105×1=105

Q.6 (3)

(1,1)

1

f(g(x)) = 2g(x) – 1

= 2

1
x

2

x 1

 
 

 


=
x

x 1

f(g(x)) = 1 +
1

x 1

one-one, into

Q.7 (3)
Given = y = 5(loga x) ƒ(x)
Interchanging x & y for inverse
= y = 5(loga y) = y(loga 5)

option (1) or option (2)
Further, from given relation
log

5
y = log

a
x

x = a(log5 y) = y(log5a)


 
 

  a

1

log 5 1x y ƒ (y)

option (3)

Q.8 (2)
1cosec x

x
x





Domain,11,

{x} 0 so x integers

Q.9 (3)

(x) + g(x) =  x 1 x , domain [0, 1]

(x) – g(x) =  x 1 x , domain [0, 1]

g(x) – (x) =  1 x x , domain [0, 1]




x

g x 1 x

 x
, domain [0, 1)




g x 1 x

 x x
, domain (0, 1]

So, common domain is (0, 1)

Q.10 (3)

ƒ(x) = y =



x 2
x 3

 x



3y 2
y 1

 ƒ-1 (x)



3x 2
x 1

& g(x) = y = 2x – 3

x =
y 3

2

 g-1 (x)
x 3

2

 ƒ-1 (x) + g-1 (x)
13

2

 x2 – 5x + 6 =0
x1

x2

 sum of roots
x

1
+ x

2
= 5

Q.11 (1)
Q.12 [720]
Q.13 (1)
Q.14 (2)
Q.15 (3)
Q.16 [490]

Q.17 (3)
Q.18 (3)
Q.19 (2)
Q.20 (4)

Q.21 [26]

Q.22 (2)
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JEE-ADVANCED
PREVIOUS YEAR’S

Q.1 (A)
fx) = x2 ; g (x) = sin x
gof (x) = sin x

 gogof (x) = sin (sin x2)
 fogogof) (x) = (in (sin x2 ))2 = sin2 (sin x2)
Now sin2 (sin x2) = sin (sin x2)
 sin (sin x2) = 0, 1

 sin x2 = n, (4n+1)
2


; I

 sin x2 = 0
 x2 = n

 x =  n ; n  W

Q.2 (B)
F : [0, 3]  [1, 29]
f(x) = 2x3 – 15x2 + 36 x + 1
f(x) = 6x2 – 30 x + 36 = 6(x2 – 5x + 6) = 6(x – 2)
(x – 3)

in given domain function has local maxima, it is
many-one
Now at x = 0
f(0) = 1

x = 2 f(2) = 16 – 60 + 72 + 1 =
29

x = 3 f(3) = 54 – 135 + 108 +
1 = 163 – 13 28
Has range = [1, 29]
Hence given funon is onto

Q.3 (AB)
NOTE : Since a functional mapping can't have two
images for pre-image 1/3, so this is ambiguity in
this question perhaps the answer can be A or B or
AB or marks to all.

cos4 =
3

1
 2cos22 – 1 =

3

1
 cos22 =

3

2

 cos2 =
3

2


Now f(cos4) =
2sec–2

2
=





2cos

2cos1
= 1 +

2cos

1

 f 








3

1
= 1 ±

2

3

Q.4 (A,B,C)
(i) f(–x) = –f(x) so it is odd function
(ii) f'(x) = 3(log(secx + tanx)) 2

 
1

sec x tanx (secx tanx + sec2x) > 0

(iii) Range of f(x) is R as f 






 


2
 – 

Q.5 (B,C,D)

 = 3sin–1

11

6
> 3sin–1

12

6
and

 = 3cos–1

9

4
> 3cos–1

8

4

  >
2


&

 > 

  +  >
2

3

Q.6 [19.00]

f (x) + f (1–x)
x 1 x

x 1 x

4 4

4 2 4 2




 

 

x x

x

x

4 4 / 4

44 2 2
4

 
 

x

x x

4 4

4 2 4 2.4
 

 

x

x x

4 2

4 2 2 4
 

 

= 1

so,
1 2 39 1

....
40 40 40 2

       
          

       
f f f f

1 1
19 19

2 2

   
      

   
f f
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Trigonometric Function

ELEMENTRY
Q.1 (2)

32

3
sin

2

3
sin 11 

















  

Q.2 (1)

)14(sinsin)12(coscos 11    21412  .

Q.3 (3)

Given that Atanytanxtan 111  

Atan
xy1

yx
tan 11  













Hence
xy1

yx
A




 .

Q.4 (2)
















 








  

6
coscos

6

7
coscos 11

=
6

5

66
coscos

6
coscos 11 














 
 

.

Q.5 (2)

Obviously )(sinx  and )(siny 

)(sin)(sin1xy1 

 2222 cossinsinsin1

Q.6 (1) 
























)x2/(cos1

)x2/(sin
tan

xsin1

xcos
tan 11
















 

)2/x4/(cos2

)2/x4/(cos)2/x4/(sin2
tan

2
1

2

x

42

x

4
tantan 1 














 

Q.7 (3)

Let 2tan2tan 1 

and 3cot3cot 1 

)3(cotcosec)2(tansec 1212  

=  22 cosecsec =  22 cot1tan1

= 15)3()2(2 22 

Q.8 (1)

Given, 







 

10

3
sinxtan 11

 }3{tantan
10

3
sintanx 11  























 x = 3.
Q.9 (3)

































 

2

3
sincos

2

3
sin

2
sin 11

2

1

4

3
1coscos 1  

Q.10 (2)

2cot3cot5cosec3cot 1111  

4
)1(cot

23

123
cot 11 













 

.

4
)1(cot

23

123
cot 11 













 

.

Q.11 (1)

23

5cos
sin

3

5
coscos 11 








 








  

(
2

xcosxsin 11 
 

).

Q.12 (4)

ooo11 303060
2

1
sin

2

3
sin 




















 
.

Q.13 (4)









 

3

1
tan

2

1
tantan 11

=
























6

1
1

3

1

2

1

tantan 1

= 









7

6

6

1
tantan 1

=
7

1
.

Q.14 (2)





















 

5

1
cos

2
cos

5

1
cos

5

1
sin

5

1
coscos 1111

5

62

25

24
sinsin

5

1
cossin 11 

















 

Q.15 (1)

x

1
cosxcos

x

1
sinxsin 1111  

=

























 

x

1
cos

x

1
sin)}x(cos)x({sin 1111

EXERCISES

Trigonometric Function
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Trigonometric Function








22

Q.16 (1)

3

4
cot

4

3
tan

3

1
tan2,

3

4
tan

5

4
sin 11111  

and
2

xcotxtan 11 
 

Q.17 (1)

Let .xcos 1  Then  cosx

1sectan 2  x

x1
1

x

1 2

2




x

x1
tan)x(costan

2
1 

  .

Q.18 (4)






























 








  )1(tan

25

1
1

5

2

tantan
45

1
tan2tan 111

17

7

12

5
1

1
12

5

tantan)1(tan
12

5
tantan 111 





























 

.

Q.19 (2)

Let xtantanx 12 

Now, 












x1

x1
cos

2

1 1
















 

2

2
1

tan1

tan1
cos

2

1

xtan
2

2
2coscos

2

1 11  




Q.20 (2)



























 

)9/1(1

3/2
tan2sin

3

1
tan4sin 11






















 

)16/9(1

)4/3(2
sinsin

4

3
tan2sin 11

25

24

25

16

2

3












 

2
11

x1

x2
sinxtan2

Q.21 (2)

)]22([tancos
3

1
tan2sin 11  

















= )]22([tancos
9/11

3/2
tansin 11  











]22[tancos]4/3sin[tan 11  

15

14

3

1

5

3
 .

Q.22 (4)

2

3
sinxsinx2sin 111  





















  211 x1

2

3

4

3
1xsinx2sin









 2x1

2

3

2

x
x2

2

x3
x2

2

x
x1

2

3 2 


4

x9

4

)x1(3 22




 22 x9x33  
4

1
x2  

2

1
x  .

Q.23 (1)








 

5

1
sin3sin 1












































 

3
1

5

1
4

5

1
3sinsin


















 

125

4

5

3
sinsin 1
















 
 

125

475
sinsin 1

125

71

125

71
sinsin 1 








 

Q.24 (3)

2
)x1(tan)x1(tan 11 
 

 )x1(tan
2

)x1(tan 11 


 

 )x1(cot)x1(tan 11  

 









 

x1

1
tan)x1(tan 11
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 0x1x1
x1

1
x1 2 




Q.25 (3)

33tanyx 1

 3tan33tany 11  

100

30
tan

991

333
tan 11  




  )3.0(tany 1

Q.26 (3)
The given equation may be written as

3

2
xcotxcotxtan 111 
 


23

2
xcot 1 





=

6


 3x  .

Q.27 (2)


5

1
cos

2

1
cot 11  

Hence given equation can be written as

25

1
cosxsin 11 

 


5

1
x 

Q.28 (2)

  )z(tan)y(tan)x(tan 111

 ztanytanxtan 111  

 xyzzyxz
xy1

yx






 xyzzyx 

Dividing by xyz, we get

1
xy

1

xz

1

yz

1
 .

Note: Students should remember this question as a
formula.

Q.29 (3)

  )x2(cosxcos 11

 xcosx2cos 11  

 )xcoscos(x2 1

 )xsin(cossin)xcos(coscosx2 11  

0xxx2 
But x = 0 does not satisfy the given equation.

No solution will exist.

Q.30 (1) Given equation is
6

11
xsinxcos2 11 
 


6

11
)xsinx(cosxcos 111 
 


6

11

2
xcos 1 






 3/4xcos 1 

which is not possible as  ,0xcos 1 .

JEE-MAIN
OBJECTIVE QUESTIONS
Q.1 (2)

Given = 60º + 45º = 105º
Q.2 (4)

 –1  x  1 .....(1)
x  R .....(2)
x  –1 or x 1 .....(3)

By (1)  (2) (3
 x  {–1, 1}

Q.3 (3)
Domain of f(x) is x  { –1, 1}

f(–1) =
442










f(1) =
4

3
0

42









Q.4 (2)

cos [tan–1 {sin (cot–1
3 )}] = y

= cos [tan–1 (sin
6


)] = cos 









2

1
tan 1–

= cos 








5

2
cos 1–

=
5

2

Q.5 (1)

n
1

i

i 1

cos 0



 

cos–1 
1

+ cos–1 
2

+.......+ cos–1 
n

so, cos–1 
1

is always positive
So, in order to have their sum 0 all should be equal to
0

2/



–1
0

1

cos–1 
1

= cos–1 
2

=.....= cos–1 
n

= 0
 cos–1 

1
= 0  

1
= 1

cos–1 
2

= 0  
2

= 1




cos–1 
n

= 0  
n

= 1





m

1i

i = n
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Q.6 (2)

cot–1 










n
>

6


, n  N



n
< cot

6


 n < 3 –

 n < 3 × 3.14  n = 5

Q.7 (4)
cosec–1 (cosx) is define if

cosx 1 or cos x 1

 cosx = 1  x = n

Q.8 (4)
x  2cos–1 cos x = 2– x

Q.9 (1)

y = cos 
















8

1
cos

2

1 1

Let, cos–1

8

1
=   cos  =

8

1

cos
2


=

2

cos1 

cos
2


=

2
8

1
1


16

9
=

4

3

& cos
2


=

1 1
cos

38
cos

2 4

  
  
   

 
 
 

Q.10 (4)
y = sin–1 [cos {cos–1 (cos x) + sin–1 (sin x)}]

given x  










,

2


2


< x < 

Now cos–1 (cos x) = x y=
x

0 

sin–1 (sin x) =  – x 0 

2


2/

–x

so, y = sin–1 [cos{x +  – x}]

y = sin–1 (cos )  sin–1 (–1)  –
2



Q.11 (4)
x  0,  = sin–1 x + cos–1 x – tan–1 x

 
[–1,1] [–1,1] x  R

but x  0 so, x  [0, 1]

 =
2


– tan–1 x

R


:
x 1 x 0

,
 

  
  

=
4 2

 
  

Q.12 (2)

sin–1 x + sin–1 y =
2


– cos–1 x – cos–1 y +

2



=  – (cos–1 x + cos–1 y) =
3

2

 cos–1 x + cos–1 y =
3



Q.13 (2)

sin–1 x – cos–1 x = cos–1

2

3

2


– 2cos–1 x = cos–1

2

3
=

6



 cos–1 x =
6



x =
2

3

Q.14 (2)

sin–1 x + cot–1 








2

1
=

2



 sin–1 x + cos–1

5

1
=

2



 sin–1  + cos–1  =
2



 x =
5

1

Q.15 (3)

sin–1

6
–

x

3
sin–

4
tan 1– 





















 
= 0

sin–1 (1) – sin–1

x

3
=

6



 sin–1

x

3
=

2


–

6


=

3
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x

3
= sin

3


=

2

3

 x = 4
Q.16 (2)

By property if x < 0, tan–1

x

1
= cot–1 x – 

 tan–1 x + tan–1

x

1
= tan–1 x + cot–1 x –  =

2


– 

 tan–1 x + tan–1

x

1
= –

2



Q.17 (4)

y = tan 























 

3

2
tan

5

3
sin 11

Let  = sin–1

5

3
 sin  =

5

3

tan  =
4

3 3



4

5

so sin–1 








5

3
= tan–1 









4

3

so y = tan 























 

3

2
tan

4

3
tan 11

y =










































































3

2
tantan.

4

3
tantan1

3

2
tantan

4

3
tantan

11

11

y =

3

2
.

4

3
1

3

2

4

3





=
6

89 
=

6

17

Q.18 (3)

tan 









  xcos
2

1

4
1

+ tan 














 

2

xcos

4

1

Let cos–1 x =   x = cos 

tan 






 




24
+ tan 







 




24



2
tan1

2
tan1

2
tan1

2

22











 








 




2

2

2 sec
2

1 tan
2

 
 
 

 
 

 

=







 




2
sin

2
cos

2

22


cos

2
=

x

2

Q.19 (3)

tan–1 a + tan–1 b =  + tan–1 






 

ab–1

ba

if ab > 1, a > 0, b > 0
Q.20 (1)

tan–1

2

1
+ tan–1

3

1
= tan–1 1 =

4



Q.21 (4)

tan–1
















x

11x2

=
º45



put x = tan    = tan–1 x,   






 


2
,

2

tan–1
| sec | 1

tan

  
  

=
º45



(but sec  is +ve for 






 


2
,

2
)

tan–1 












sin

cos1
=

º45



tan–1 






 

2
tan =

º45



Now,–
2


<  <

2










 








424

2


=

º45


 tan–1 x = 2 ×

º45


= 8º

x = tan 8º
Q.22 (2)

y = cot–1



















xsin1xsin1

xsin1xsin1

given
2


< x < 
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y = cot–1























2

x
cos

2

x
sin

2

x
cos

2

x
sin

2

x
cos

2

x
sin

2

x
cos

2

x
sin

 Now if
2


< x <  

4


<

2

x
<

2



Now sin
2

x
> cos

2

x
so, modulus will open directly

y = cot–1





















2

x
cos2

2

x
sin2

= cot–1 









2

x
tan

y =  – cot–1(tan
2

x
)   – cot–1 cot 












2

x

2

y =  –
2


+

2

x
=

2


+

2

x

Q.23 (2)

y = tan–1 












x1

x1
, 0  x  1

put x = cos   = cos–1 x  [0, ]

y = tan–1 












cos1

cos1
= tan–1 







 

2
tan

here given,0  x  1
0  cos   1

0 <  
2



comes in PVR of  = cos–1 x

0 <
2




4



so, y =
2


=

2

xcos 1

Now y
min

= 0
2 0






y
max

=
42

2









so, 






 

4
,0

Q.24 (1)
tan 1 > 1

tan 1 >
4



1
4



2



1

tan1

tan 1 > tan–1 1
Q.25 (3)

tan–1 (1 + x) + tan–1 (1 – x) =
2



tan–1

















)x1(1

x1x1
2 =

2



2

2

x
=  x2 = 0

 x = 0
Q.26 (3)

tan–1 








1x2

1
+ tan–1 









1x4

1
= tan–1 








2x

2

tan–1



























)1x4()1x2(

1
1

1x4

1

1x2

1

= tan–1
2x

2

1)1x4)(1x2(

1x21x4




= 2x

2

)x6x8(

2x6
2 


= 2x

2
 6x3 + 2x2 = 16x2 + 12x

 6x3 – 14x2 – 12x = 0
 x(6x2 – 14x – 12) = 0

x = 0, 6x2 – 14x – 12 = 0

x = 0, x = 3,
2

3

check : x = 0

4


+

4


=

2


(Accepted)

x = 3

tan–1 








7

1
+ tan–1 









13

1
= tan–1 









9

2

tan–1

91

1
1

13

1

7

1
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 tan–1 






 

90

713
(Accepted)

x = –3/2

tan-1 






 

2

1
+ tan–1 







 

5

1

 tan–1
6

9

 
 
 

(Rejected)

So, 2 solutions
Q.27 (2)

cos–1

5

3
+ cos–1

13

5

= cos–1 









13

12

5

4
–

13

5

5

3
= cos–1 









65

33
–

Q.28 (2)

2

1
sin–1 













2cos45

2sin3
=

4








2cos45

2sin3
= 1


9tan

tan6
2 


= 1

 tan2  – 6 tan  + 9 = 0
 (tan  – 3)2 = 0

tan  = 3
Q.29 (4)

sin1 






  2x1x2

=

 























2
1

2
1

2
1

x1ifxsin2

1xifxsin2

|x|ifxsin2

1

1

1

 2 sin–1x = sin–1 (2x 2x1 ) is true for |x| 
2

1

Q.30 (3)

cos–1
















4

x
1x1

2

x 2
2

2

= cos–1

2

x
– cos–1x

The above holds iff

1  x  0 & 1 
2

x
 0

0  x  1 & 0  x  2



0  x  1

Q.31 (3)

cos–1 p + cos–1 p1 + cos–1 q1 =
4

3

cos–1( p p1 – p1 p )+cos–1 1 q =
4

3

cos–1 0 + cos–1 q1 =
4

3

cos–1 q1 =
4


 1 – q =

2

1

 q =
2

1
so, 0  p  1 & 0  p1  1

0  p  1 & 0  1 – p  1
–1  –p  0  0  p  1

Q.32 (2)

sin–1
x

5

 
 
 

+ cosec–1 








4

5
=

2



sin–1
x

5

 
 
 

+ sin–1 








5

4
=

2



sin–1

















5

x25

5

4

5

3

5

x 2

=
2



25

x3
+

25

x254 2
= 1

x2 – 6x + 9 = 0  (x – 3)2 = 0
 x = 3

Q.33 (1)
sin–1 x + sin–1 (1 – x) = cos–1 x
(sin–1 x + sin–1 (1 – x)) = cos–1 x

sin–1 (x 21 (1 x)  +(1–x) 2x1 )

= sin–1 2x1

x 2xx2  = 2x1 (1 – 1 + x)

x2(2x – x2) – (1 – x2)x2 = 0
2x3 – x2 = 0
x2 (2x – 1) = 0

 x = 0,
2

1

Both accepted.
Q.34 (2)

sin–1 (1 – x) – 2 sin–1 x =
2



– 2 sin–1 x = cos–1 (1 – x)
1 – 2x2 = 1 – x

2x2 – x = 0  x = 0,
2

1
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check : x = 0

L.H.S. 
2


– 0

=
2


= RHS

x =
2

1

6


–

3


 –

2


 so rejected

JEE-ADVANCED
OBJECTIVE QUESTIONS
Q.1 (C)

[cot–1 x] + [cos–1 x] = 0
(0, ) [0, ]

0 01 12 23 3
so, 0 < cot–1 x < 1 & 0  cos–1 x < 1

cot 1 < x <  & cos 1 < x  1

cos 1 cot 1 1

so, x  (cot 1, 1]

Q.2 (A)

([cot–1x] – 3)2  0  3]x[cot 1 

 4xcot3 1    4xcot3 1  

 3cotx 

Q.3 (A)

u = cot–1 tan – tan–1 tan

then, tan 











2

u

4
= ?

u =
2


– 2 tan–1 ( tan )

Now tan 











2

u

4
= tan 













  tantan
44

1

 tan

Q.4 (D)

x2 + a x +
2


= 0

D  0

a2 – 4 ×
2


× 1  0

a2 – 2  0

a  ± 2

(–, – 2 ]  [ 2 , )

Q.5 (A)

tan–1 








 cb

a
+ tan–1 









 ac

b
if C = 90º

tan–1



























)ac()cb(

b.a
1

ac

b

cb

a

c

a

b

B C

A

a + b = c2 2 2

tan–1

















acabcabbc

bcbaac
2

22

 tan–1













)cba(c

)cba(c


4



JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING
Q.1 (C, D)

x2 – x – 2 > 0
 satisfies it
 2 – – 2 > 0

(– 1)2 – 3 > 0
 (– 1) > 3 or – 1 < – 3

> 4 or < – 2
so C & D are correct.

Q.2 B,C)

Given :  = 2 tan–1 ( 2 – 1)

 = 3 sin–1 








2

1
+ sin–1 










2

1

 = cos–1 








3

1

 = 2 × 22.5º = 45º

 =
4

3
–

6


=

12

7
= 105º

 = cos–1 








3

1
= cos–1 (0.33)

 <  < 

so,  >   > 
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Q.3 (AB)

sin–1x + sin–1y + sin–1z =
2

3

 x = y = z = 1

 x100 + y100 + z100 – 101101101 zyx

9


= 0

Q.4 (B, C, D)

cos 














 


5

14
coscos

2

1 1
= cos 















 

5

14
coscos

2

1 1

 cos  = cos (– )

= cos 


















2–

5

14

2

1
since

5

14
 (2, 3)

= cos 






 

5

2

= – cos 






 


5

2
– = – cos 







 

5

3

= sin 






 

5

2
–

5
= sin 







 

10

Q.5 (B, D)

6 sin–1 









2

17
x6–x2

= 

 sin–1 









2

17
x6–x2

=
6



 x2 – 6x +
2

17
=

2

1

 x2 – 6x + 8 = 0
 x =2, 4

Q.6 (C, D)

sin–1 x > cos–1 x =
2


– sin–1 x

sin–1 >
4


 x >

2

1
also |x|  1

 x  







1,

2

1

Q.7 (A,C)
f(x) = sin–1 x + cos–1x

Now f(x) will be equal to
2


iff arg lie b/w –1 to 1

Q.8 (A,C,D)

cosec–1 x = sin–1

x

1
|x|  1

Q.9 (A, B, C)

tan–1

x1

x–1 2


since 0 < x < 1

= tan–1 












cos1

sin
(let cos–1 x =  0 <  <

2


)

= tan–1 tan
2




2


 







 

4
,0

=
2


=

2

1
cos–1 x ....(1)

also cos  = 2 cos2

2


– 1

cos
2


=

2

x1
(taking cos–1 on both side)

cos–1 cos =
2


= cos–1













 

2

x1
since

2


 







 

4
,0


2


= cos–1













 

2

x1
...(2)

similarly sin
2


=

2

x–1

sin–1 sin
2


=

2


= sin–1

2

x–1

...(3)

also
2


= tan–1

x–1

x1
...(4)

Q.10 (A,B,C)

tan 























 

3

2
tan

5

4
cos 11 =

b

a

tan 























 

3

2
tan

4

3
tan 11

=
b

a

tan 
















6

17
tan 1 =

b

a

b

a
=

6

17
a – b = 111

 a + b = 23
 3b = 3.6 = 18 = a + 11

Q.11 (A, D)

n 




1

tan 1

2n2n

n4
24 

=   







k

1n

2121

k
)1n(tan1ntanlim

=   0tan1tanktan1ktanlim 112121

k
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=
4

3
0

422












Also tan–12 + tan–13 =  + tan–1 












2.31

23

Since xy = 6 > 1

=
4

3

and  
4

3
2sec 1 



Q.12 (B,C)
2x = tan (2tan–1 a) + 2tan(tan–1 a + tan–1 a3)
2x = tan(tan–1 a + tan–1a) + 2 tan (tan–1 a + tan–1a3)

2x = 2a1

a2


+ 2

)a1()a1(

aa
22

3





x = 2a1

a


+

)a1(

a
2

a2x – x + 2a = 0 (A) is valid
& a  –1 & 1 (D) is valid

Q.13 (B,D)

6sin–1 









2

17
x6x2 = 

sin–1 









2

17
x6x2 =

6



x2 – 6x +
2

17
–

2

1
= 0

x = 2, 4
Q.14 (A,C)

Given a = sin–1 






 

2

1
+ cos–1

1

2

 
 
 

b = tan–1  3 – cot–1 






 

3

1

a = –
4


+  –

3




12

5

b = –
3


–  +

3


 –

a – b =
12

17
& a + b = –

12

7

Q.15 (A, C)
cos–1 x = tan–1 x x (0, 1]

tan–1

x

x–1 2

= tan–1 x

taking tan on both side 2x–1 = x2

 1 – x2 = x4 x4 + x2 – 1 = 0

x2 =
2

51– 
since x2 is +ve avoid negative result

sin(cos–1 x) = sin(sin–1 2x1 ) = 2x1 = x2

=
2

15 

tan(cos–1 x) = tan (tan–1 x) = x 
2

15 

Comprehension # 1 (Q. No. 16 to 18 )
Q.16 (D)
Q.17 (C)
Q.18 (D)

Let cos–1 x = , then x = cos and 0  

 sin–1 2x1 = sin–1 (sin )

=
















2
if

2
0if

=













0x1ifxcos

1x0ifxcos
1

1

 cos–1 x = sin–1 2x1 if 0 < x < 1 is true.

Sol.17 Let sin–1 x = , then x = sin  and –
2




2



 cos–1 2x1 = cos–1 (cos )

=
















2
0,

0
2

,

=













1x0,xsin

0x1,xsin
1

1

 sin–1 x = cos–1 2x1 if 0 < x < 1 is true

Sol.18 Let cos–1 x = , then x = cos  and 0 

 tan–1

x

x1 2
= tan–1 (tan )
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=
















2
,

2
0,

=













0x1,xcos

1x0,xcos
1

1

i.e cos–1 x =  + tan–1

x

x1 2
, –1 < x < 0 is

correct.

Comprehension # 2 (Q. No. 19 to 21 )
Q.19 (A)
Q.20 (C)
Q.21 (B)

Sol.19 sin–1 x <
4
3

x > sin
4
3

1  x >
2

1









 1,

2

1
x

Sol.20 sin–1 (–1) + cosec–1 (–1)







 3
2
3

2
3

Sol.21 If –1  x  1
then –1  –x  1

So
4
5

)x(tan
4
3 1 


 

Q.22 (A)  (t), (B)  (s), (C) (t), (D) (p)

(A) Given expression = 2sin–1x –
2


maximum at

(B)Given expression =














 t

2
t2

, t = sin–1 x

minimum at
4

t


 
2

1
x 

(C) Similar to (B)
(D) Given expression = (sin– 1 x)3 + (cos– 1 x)3 =

3

2







 
– 3sin– 1 x

2
.xsin–

2
1– 








 

=
2

3
(sin–1x)2 –

4

3 2
sin–1x +

8

3

This is quadratic in sin–1x. Therefore it will give

maximum value when sin–1x = –
2


 x = –1

Let the domain and range of inverse circular functions
are defined as follows Domain Range

sin–1x [–1, 1]







 

2

3
,

2
cos–1x [–1, 1] [0, ] tan–1x R








 

2

3
,

2

cot–1x R (0, ) cosec–1x (–, –1]  [1, ) 






 

2

3
,

2

– {}

sec–1x(–, –1]  [1, ) [0, ] –








2

Q.23 (A)  (p), (B)  (q), (C)  (r) (D) (s)

(A) G.E. =
6

17

3

2

4

3
–1

3

2

4

3




(B) G.E.

1.

25

1
–1

5

1
.2

1

1–

25

1
–1

5

1
.2



=
17

7

(C) G.E. =
2

8

1
1

=

(D) G.E. = cos tan–1

3

5
=

3

5

Q.24 (A) (p, q, r, s); (B) (p); (C) (P,R,S); (D) 
(p)

(A) f(x) = sin–1














 1xsin1xsin

2

For all values of x
| sin x – 1| will open negative
|sin x + 1| is positive

f(x) = sin–1 (1)
2



so P, Q, R. S
(B) f(x) = cos–1 (|x – 1| – |x – 2|)
In (–, 1] –x + 1 + x – 2 = –1
cos–1 (–1) = 
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(1, 2) not in domain.
[2, ) cos–1 [1] = 0
So, Ans. P

(C) f(x) = sin–1
1 1sin x sin x

2 2
 

 
 

 
  

   
 

Domain |x|  1
Ans. P,R,S
(D) f(x) = cos (cos–1 |x|)
+ sin–1 (sin x) – cosec–1 (cosec x) + cosec–1 |x|
domain of f(x)
|x| = 1
x = ± 1

NUMERICAL VALUE BASED
Q.1 (30)

Case-I x  0
Let cot–1 x = 

  






 

2
,0

 x = cot 

 sin  = 2x1

1



 sin–1 sin  = sin–1
2x1

1



  = sin–1
2x1

1



Case-II
x < 0

Let cot–1 x = 

  










,

2

 cot  = x

 sin  = 2x1

1



 sin–1 sin  = sin–1
2x1

1



  –  = sin–1
2x1

1



  =  – sin–1
2x1

1



Therefore

LHS

=





































0xif,
x1

1
sinsintancos

0xif,
x1

1
sinsintancos

2

11

2

11

= cos tan–1

sin sin–1
2x1

1


; x  R = cos tan–1

2x1

1



Let  = tan–1
2x1

1



As 2x1

1


 (0, 1]   







 

4
,0

 tan  = 2x1

1


 cos  = 2

2

x2

x1





Q.2 (54)

sec tan–1 











 

x2

x12 2

= sec tan–1 











 

x

x1 2

=
x

1

10

r 2

1
f

r


 
 
 

 = 2 + 3 + ....... + 10 = 54

Q.3 (20)

Given equation is |cos x| = sin–1 (sin x)
–  x  

Number of solution = 2



37

Trigonometric Function

KVPY

PREVIOUS YEAR’S
Q.1 (A)

JEE-MAIN

PREVIOUS YEAR’S

Q.1 (1)

= cosec
1 1 11 1 3

tan tan tan
5 5 4

        
       

      

= cosec
1 15 3

tan tan
12 4

     
    

    

65

33

56

= cosectan
1 56

tan
33

  
  
  

=
65

56

Q.2 (1)

Let sin–1 63

8
=  sin =

63

8

tan
11 63

sin
4 8

 
 
 

= tan
4

 
 
 

=

1 cos
2

sin
2






=

1 cos
1

2

1 cos

2

 


  =

3
1

4
7

4



=
1

7

Q.3 (3)

Let sin–1x = a, cos–1 x = b, tan–1 y = c

 (a + b) =
2



 a b



 = 2

Now cos
a b

 
 

 
= cos(2c) = cos(2tan–1y)

=

2

2

1 y

1 y





Q.4 (3)

1 a b
tan

1 ab 4
   

 
 

 a+b=1–ab
 (1+a)(1+b)=2

Now,

2 2 3 3a b a b
a b ....

2 3

    
         

   

2 3 2 3a a b b
a .... b .....

2 3 2 3

   
           
   

=       n 1 a n 1 b n 1 a 1 b n2         

Q.5 01.00

tan

n
1 1

x
r 1

lim [tan (r 1) tan (r)] 




 
  

 


= tan
1 1

x
lim tan (n 1) tan

4
 



  
   

  

= tan
4

 
 
 

= 1

Q.6 (3)

Divide by 32r

k
1

r 1

tan

.2 3





 
 

r
2

3

 
 
  

 
 

2r
2

3

 
 
  



k
1

2r 1
r 1

tan

3 1






 
 
 
      

  



r
2

3

 
 
 

2

3
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Let

r
2

3

 
 
 

= t

k
1

2r 1

t

3tan
2

1 t
3





 
 
 
 
 



k
1

r 1

2t
t

3tan
2t

1 t.
3





 
 

 
 
 



k
1 1

r 1

2t
tan (t) tan

3
 



  
   

  


r r 1k
1 1

r 1

2 2
tan tan

3 3



 



    
         



k 1

1 1
k

2 2
S tan tan

3 3



    
    

   

S

k 1

1 1

k

2 2
lim tan tan

3 3



 



    
        

tan tan 0
3

  
  

 

 S 
1 12 3

tan cot
3 2

    
    

   

Q.7 (3)

   1 1 13x 4x
sin sin sin x

5 5

 
 
    
 
 

2 2
1 13x 16x 4x 9x

sin 1 1 sin x
5 25 5 25

   
2 23x 16x 4x 9x

1 1 x
5 25 5 25

x = 0,    2 23 25 16x 4 25 9x 25

   2 24 25 9x 25 3 25 16x squaring we get

16(25_9x2)

= 625+9(25_16x2)_150 225 16x

400 = 625 + 225 _ 150 225 16x

225 16x = 3 25 _ 16x2 = 9

x2 = 1

Put x = 0, 1, _1 in the original equation
We see that all values satisfy the original equation.
Number of solution = 3

Q.8 (1)
Cot–1() = cot–1(2) + cot–1(8) + cot–1(18)+.....

=
100

1

2
n 1

2
tan

4n





 
 
 



=
100

1

n 1

(2n 1) (2n 1)
tan

1 (2n 1)(2n 1)




   
    



=
100

n 1

 tan 2n 1 tan (2n 1) 

= tan–1 201 – tan–11

=
1 200

tan
202

  
 
 

 cot–1 () = cot–1

202

200

 
 
 

= 1.01

Q.9 (1)

tan–1(x + 1) + cot–1
11 8

tan
x 1 31

 
 

 
Taking tangent both sides :-

2

(x 1) (x 1) 8

311 (x 1)

  


 

 2

2x 8

312 x
4x2 + 31x – 8 = 0

 x = –8,
1

4

But, if x =
1

4

1tan (x 1) 0,
2

  
  

 

&
1 1

cot ,
x 1 2

    
    

   

 LHS >
2


& RHS <

2


(Not possible)

Hence, x = – 8

Q.10 (2)
Given equation

1 2 1 2 21 2
sin x cos x x

3 3
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Now,
1 2 1

sin x
3

  
  

is defined if

2 1
1 x 2

3
    

24 5
x

3 3


 


2 5

0 x
3

  ....(1)

and
1 2 2

cos x
3

  
  

is defined if

2 2
1 x 2

3
    

21 8
x

3 3


 


2 8

0 x
3

  ....(2)

So, form (1) and (2) we can conclude

2 5
0 x

3
 

Case - I if
2 2

0 x
3

 

sin1 (0) cos1(1) x2

x + = x2

x2 = 

but
2

0,
3

 
 

 
No value of ‘x’

Case - II if
22 5

x
3 3
 

sin1 (1) cos1(0) x2


2x

2 2

 
 

x2 

but
2 5

,
3 3

 
 

 
No value of ‘x’
So, number of solutions of the equation is zero.

Q.11 (4)
Q.12 (2)
Q.13 (3)

cos–1 (cos (–5)) + sin–1 (sin (6)) – tan–1 (tan (12))

 (2 – 5) + (6 – 2) – (12 – 4)

 4 – 11.

Q.14 (3)
Q.15 (4)
Q.16 (2)
Q.17 (3)

Q.18 (3)

JEE-ADVANCED

PREVIOUS YEAR’S

Q.1 (1)

= cosec
1 1 11 1 3

tan tan tan
5 5 4

        
       

      

= cosec
1 15 3

tan tan
12 4

     
    

    

65

33

56

= cosectan
1 56

tan
33

  
  
  

=
65

56

Q.2 (1)

Let sin–1 63

8
=  sin =

63

8

tan
11 63

sin
4 8

 
 
 

= tan
4

 
 
 

=

1 cos
2

sin
2






=

1 cos
1

2

1 cos

2

 


  =

3
1

4
7

4



=
1

7

Q.3 (3)

Sol. Let sin–1x = a, cos–1 x = b, tan–1 y = c

 (a + b) =
2
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 a b



 = 2

Now cos
a b

 
 

 
= cos(2c) = cos(2tan–1y)

=

2

2

1 y

1 y





Q.4 (3)

1 a b
tan

1 ab 4
   

 
 

 a+b=1–ab
 (1+a)(1+b)=2

Now,

2 2 3 3a b a b
a b ....

2 3

    
         

   

2 3 2 3a a b b
a .... b .....

2 3 2 3

   
           
   

=       n 1 a n 1 b n 1 a 1 b n2         

Q.5 (01.00)

tan

n
1 1

x
r 1

lim [tan (r 1) tan (r)] 




 
  

 


= tan
1 1

x
lim tan (n 1) tan

4
 



  
   

  

= tan
4

 
 
 

= 1

Q.6 (3)

Divide by 32r

k
1

r 1

tan

.2 3





 
 

r
2

3

 
 
  

 
 

2r
2

3

 
 
  



k
1

2r 1
r 1

tan

3 1






 
 
 
      

  



r
2

3

 
 
 

2

3

 
 
 

Let

r
2

3

 
 
 

= t

k
1

2r 1

t

3tan
2

1 t
3





 
 
 
 
 



k
1

r 1

2t
t

3tan
2t

1 t.
3





 
 

 
 
 



k
1 1

r 1

2t
tan (t) tan

3
 



  
   

  


r r 1k
1 1

r 1

2 2
tan tan

3 3



 



    
         



k 1

1 1
k

2 2
S tan tan

3 3



    
    

   

S

k 1

1 1

k

2 2
lim tan tan

3 3



 



    
        

tan tan 0
3

  
  

 

 S 
1 12 3

tan cot
3 2

    
    

   
Q.7 (3)

   1 1 13x 4x
sin sin sin x

5 5

 
 
    
 
 

2 2
1 13x 16x 4x 9x

sin 1 1 sin x
5 25 5 25

   
2 23x 16x 4x 9x

1 1 x
5 25 5 25

x = 0,    2 23 25 16x 4 25 9x 25

   2 24 25 9x 25 3 25 16x squaring we get

16(25_9x2)

= 625+9(25_16x2)_150 225 16x

400 = 625 + 225 _ 150 225 16x

225 16x = 3 25 _ 16x2 = 9

x2 = 1
Put x = 0, 1, _1 in the original equation
We see that all values satisfy the original equation.
Number of solution = 3
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Q.8 (1)
Cot–1() = cot–1(2) + cot–1(8) + cot–1(18)+.....

=
100

1

2
n 1

2
tan

4n





 
 
 



=
100

1

n 1

(2n 1) (2n 1)
tan

1 (2n 1)(2n 1)




   
    



=
100

n 1

 tan 2n 1 tan (2n 1) 

= tan–1 201 – tan–11

=
1 200

tan
202

  
 
 

 cot–1 () = cot–1

202

200

 
 
 

= 1.01
Q.9 (1)

tan–1(x + 1) + cot–1
11 8

tan
x 1 31

 
 

 
Taking tangent both sides :-

2

(x 1) (x 1) 8

311 (x 1)

  


 

 2

2x 8

312 x
4x2 + 31x – 8 = 0

 x = –8,
1

4

But, if x =
1

4

1tan (x 1) 0,
2

  
  

 

&
1 1

cot ,
x 1 2

    
    

   

 LHS >
2


& RHS <

2



(Not possible)
Hence, x = – 8

Q.10 (2)
Given equation

1 2 1 2 21 2
sin x cos x x

3 3
    

      

Now,
1 2 1

sin x
3

  
  

is defined if

2 1
1 x 2

3
    

24 5
x

3 3


 


2 5

0 x
3

  ....(1)

and
1 2 2

cos x
3

  
  

is defined if

2 2
1 x 2

3
    

21 8
x

3 3


 


2 8

0 x
3

  ....(2)

So, form (1) and (2) we can conclude

2 5
0 x

3
 

Case - I if
2 2

0 x
3

 

sin1 (0) cos1(1) x2

x + = x2

x2 = 

but
2

0,
3

 
 

 
No value of ‘x’

Case - II if
22 5

x
3 3
 

sin1 (1) cos1(0) x2


2x

2 2

 
 

x2 

but
2 5

,
3 3

 
 

 
No value of ‘x’
So, number of solutions of the equation is zero.

Q.11 (4)
Q.12 (2)
Q.13 (3)

cos–1 (cos (–5)) + sin–1 (sin (6)) – tan–1 (tan (12))

 (2 – 5) + (6 – 2) – (12 – 4)

 4 – 11.

Q.14 (3)
Q.15 (4)
Q.16 (2)
Q.17 (3)
Q.18 (3)
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ELEMENTRY
Q.1 (4)

Since
x 0

| x |
lim 1

x 
  and

x 0

| x |
lim 1,

x 
 hence limit

does not exist.

Q.2 (1)

x n 0 x n 0 x n 0

lim (x [n]) lim x lim[n] n n 0
     

      .

Q.3 (1)

x 1

log[(x 1) 1]
lim 1.

x 1

 




Aliter : Apply L-Hospital’s rule,

x 1 x 1

1
log x xlim lim 1
x 1 1 

 


Q.4 (2)

n n
n 1

x 2

x 2
lim n.2

x 2









 n 1n.2 80 

n = 5

Q.5 (1)

22

2x 0 x 0 x 0

x.2sin x sin x
lim 2. lim lim x 0

xx  

 
    

.

Q.6 (3)

x 0 x 0
lim kx cosec x lim x cosec kx
 




x 0 x 0

x 1 kx
k . lim lim

sin x k sin kx 



1

k k 1
k

    .

Q.7 (3)

3 3

x 0 x 0

x cot x x cot x 1 cos x
lim lim

1 cos x 1 cos x 1 cos x 

 
     

Limit of Function

3

x 0 x 0 x 0

x
lim lim cos x lim (1 cos x) 2

sin x  

 
      

Q.8 (4)

x x

x 0 x 0 2

x (e 1) 2x (e 1)
lim lim

x1 cos x
4.sin

2

 

 




2 x

x 0 2

(x / 2) e 1
2 lim 2.

x x
sin

2



 
   

   
  

 

Q.9 (4)

x 0 x 0

2sin 4x cos 2x sin 4x x cos 2x
lim lim 4 4

2sin x cos 4x 4x sin x cos 4x 

   
       

Aliter : x 0

2 sin 2x 6 sin 6x
2 62x 6xlim 4.

5 sin 5x 3 sin 3x 5 3

5x 3x






 




Q.10 (1)
Expand log(1 + x) and then solve.
Aliter : Apply L-Hospital’s rule,

2x 0

x log (1 x)
lim

x

  
  

x 0

1
1

1 xlim
2x




2

x 0

1 1 1
lim .

2 1 x 2

 
   

Q.11 (2)

Apply L-Hospital‘s rule,

x 0

1 sin x 1 sin x
lim

x

  

x 0

cos x cos x 1 1
lim 1.

2 22 1 sin x 2 1 sin x
    

 

Q.12 (1)

.

2

/2 /2

cos sin
1 sin 2 2

lim lim 0
cos

cos sin cos sin
2 2 2 2

 

  
   

 
       
       

EXERCISES
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Q.13 (1)

Apply the L-Hospital‘s rule,
x a x a

f (x) f (x)
lim lim

g(x) g (x) 





.

Q.14 (3)

2 2d
[a sin a] 2a sin a a cosa.

da
 

Aliter : Apply L-Hospital’s rule,

2 2

h 0

(a h) sin(a h) a sin a
lim

h

  

2

h 0

2(a h)sin (a h) (a h) cos (a h)
lim

1

    


22a sin a a cos a. 

Q.15 (1).

 
x 3 x 3

(x 3) x 2 4 xx 3
lim lim 1

2(x 3)x 2 4 x 

    
  

   

Aliter : Apply L-Hospital’s rule.

Q.16 (2) 2x /4

( 2 sec x)cos x (1 cot x)
lim

cot x[2 sec x]

 



.
2

1

22

)2(
2

1

)xsec2(

)xcot1(xsin
lim

4/x












Aliter : Apply L-Hospital’s rule.

Q.17 (4)

1
2

x 0 x 0

(1 cos 2x) | sin x |
lim lim

x x 




So,
x 0

|sin x |
lim 1

x 
 and

x 0

|sin x |
lim 1

x 
 

Hence limit does not exist.
Q.18 (1)

Let

1
x mx

m

x x

1 1
y lim 1 lim 1

mx mx



 

   
         



x
1/m

x

1
y e , lim 1 e

x

  
      

 .

Q.19 (1)

3

2x 2

x 8
lim

x 4




, 








form

0

0

Applying L-Hospital’s rule, we get

2

x 2 x 2

3x 3 2 2
lim lim 3

2x 2 2 

 
 



Q.20 (4)

Let
3 2

x 3

x x 18
y lim

x 3

 



,

0
form

0

 
  

Applying L-Hospital’s rule, we get

2

x 3
y lim 3x 2x (27 6) 21


     .

Q.21 (1)

2 2

2x x

2

3 4
2

2x 3x 4 2x xlim lim
3 4 33x 3x 4 3
x x

 

 
 

 
   

Q.22 (3)

x/2

xx 2

3 3
lim

3 9

 
 

 

x/2

x/2 2 2x 2

3 3
lim

(3 ) 3

 
  

 

x/2x 2

1 1
lim

63 3
 


.

Q.23 (1)

n n

x x x

log x [x] log x [x]
lim lim lim

[x] [x] [x]  


  .110 

Q.24 (3)

x 0

log(3 x) log(3 x)
lim k

x

  


By L-Hospital’s rule,
x 0

1 1

3 x 3 xlim k
1


   

2
k

3


Q.25 (3)

Using L-Hospital’s rule,

2

2

1
lim 1

cosec





  .

Q.26 (1)

2

n

1 n
lim

n





n

(1 n)(1 n)
lim

1
n(n 1)

2



 


 n

2(1 n)
lim

n
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1

n

1
2lim

n
2)10(2  .

Q.27 (4)

13

)x1(log
lim

x
e

0x 




, 








form

0

0

Using L-Hospital’s rule,

elog
3log

1

3log3

x1

1

lim 3
ee

x0x



.

Q.28 (3)

x b x b

x x

x a a b
lim lim 1

x b x b

 

 

    
        

a bx b

a b a b

x

a b
lim 1 e

x b



 



 
  

      
 

Q.29 (2)

x a

f (a)[g(x) g(a)] g(a)[f (x) f (a)]
lim

[x a]

  



f (a)g (a) g(a)f (a) 2 2 ( 1) (1) 5.       

Q.30 (2)

2 2 2n

1 2 n
lim .....

1 n 1 n 1 n

 
      

2

2 2n n

n 1 n n 1
lim lim

2 21 n 1 n 

 
   

 
.

JEE-MAIN

OBJECTIVE QUESTIONS
Q.1 (4)

xsecim
0x 

 > 1

So imit not exist

Q.2 (3)

1x
im

 (1  x + [x  1] + [1  x])

L.H.L.= –1x
im

 (1  x + [x  1] + [1  x])

=
0h

im

 (1  (1–h) + [1 – h  1] + [1 – 1 + h])

=
0h

im

 (h + [–h] + [h])

= 0 – 1 + 0 = – 1

R.H.L. = 1x

im (1  x + [x  1] + [1  x])

=
0h

im

 (1  (1+ h) + [1 + h  1] + [1 – (1 + h)]

=
0h

im

 (– h + [h] + [–h])

= 0 + 0 – 1 = – 1
L.H.L. = R.H.L. = – 1

so
1x

im

 (1  x + [x  1] + [1  x]) = – 1

Q.3 (4)

x
lim sec–1 









1x

x
Put x =

y

1

= 0y
lim
 sec–1 









1y

1
= 0y

lim
 cos–1 (y + 1) & y = 0+

0y
lim

cos–1 (y+1)= 0h
lim
 cos–1 (1+h)Not possible

so, Limit does not exists.

Q.4 (3)

0x
lim


)xec(cos

x
4

cot




















 =





















1x

4
cotxeccoslim

0x
e

=
















1

)x(tan

1
xeccoslim

4
0x

e

=
x 0

1 tanx 1 tanx
lim cosec x

1 tanxe


   
 

 

=












 xtan1

xtan2
xeccoslim

0x
e =

x 0

2
lim

2cosx sinxe e


 

Q.5 (2)

1x
im



1x

100x
100

1k

k





















= 1x
im
















1–x

1–x
.....

1–x

1–x

1–x

1–x 1002

= 1 + 2+ 3 + .....+ 100 =
2

)101).(100(
= 5050
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Q.6 (3)

2
x

im




 tan2 x







  2xsin6xsin4xsin3xsin2 22

=
2

x

im




 tan2 x



















2xsin6xsin4xsin3xsin2

)2xsin6x(sin4xsin3xsin2

22

22

=
2

x

im




 tan2 x .
261432

)2xsin3–x(sin2





(put
2

2

2

sin x
tan x

cos x
 & in direction sin x can be

taken as 1)

=
2

x

im















 

xcos

2xsin3–xsin

6

1
2

2









form

0

0

(use L'Hospital rule)

=
6

1

2
x

im





)xsin(–xcos2

xcos3–xcosxsin2

=
6

1

2
x

im





xsin2–

3–xsin2

= 
















2

1

6

1
=

12

1

Q.7 (4)

n
lim [(1 + x) (1 + x2).......(1 +

n2x )]

Multipling (1 – x) in Nr & Dr

= n
lim

n2(1 x)(1 x)........(1 x )

(1 x)

    
 

 
= n

lim



















x1

x1
1n2

=
)x1(

1

 n
lim








 
1n2x1 =

)x1(

1



|x 1|

Q.8 (3)

3x
im



)9x(

)2x(n)27x(

2

3



 

= 3x
im



)3x)(3–x(

)]3–x(1[n)9x3–x)(3x( 2



 
= 3x

im



(x2 – 3x + 9).
)3–x(

)]3–x(1[n 

= (9 – 9 + 9) (1) = 9

Q.9 (2)

0x
im























3

x
1n

p

x
sin

)14(
2

3x



= 0x
im



































































3

x
1n.

p

x

p

x
sin

p

x

x

1–4
x

2

3
x

3



= 3p .
0x

im











































p

x

p

x
sin

x

1–4
3

x

.






























3

x
1n

3

x

2

2



= 3 p (n 4)3

Q.10 (4)

2x
Lim


 
)1x(n

1esin 2x







= 2x
Lim
 )1x(n

)1e(

)1e(

)1e(sin 2x

2x

2x








 







= 2x
Lim
 ))2x(1(n

)2x(

)2x(

1e )2x(











= 1 × 1 = 1

Aliter :  we can do the same question by L –

Hospital rule also,

2x
Lim


(x 2)sin (e 1)

n (x 1)

 


= 2x

Lim


)1x(

1

e)1ecos( )2x()2x(



 

= 2x
Lim
 (x – 1) . e(x – 2) . cos (ex – 2 – 1) = 1

Q.11 (2)

x
lim

1xx9

x

1
sinx

2

2












Put x = –
y

1
, so limit changes to y  0
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0y
lim


1
y

1

y

9
y

ysin

2
2 


= 0y

lim


9yyy

ysin

2 



= –
9

1
= –

3

1

Q.12 (4)

0x
Lim
 )xsin1(n

))x1(n(sin









= 0x
Lim
 )x1(n

))x1(n(sin








×

x

)x1(n 
×

)xsin1(n

xsin



= 1 . 1 . 1 = 1

Q.13 (3)

2
x

Lim


 













 


xcos
2

x

Let x = 










h

2

= 0h
Lim





































h
2

cos

2
h

2
= 0h

Lim
 









 sinh

h
= – 2

Q.14 (3)

x
Lim

1xx

1x
x

1
sinx

2

3












x
Lim























































2
2

2
2

x

1

x

1
1x

x

1

x

1

x

1

x

1
sin

x

=
1

1
= 1

Q.15 (1)

n
Lim
 n

n

)1(n4

)1(n3




= n

Lim


n

)1(
4

n

)1(
3

n

n







= n
Lim


( 1or 1)
3

( 1or 1)
4


 







= –
4

3

Q.16 (3)

0
lim


n sin n tan     
         

As we know,



sin
< 1 



sinn
< n 











sinn
= (n – 1)...(1)

Also,


tan
> 1



tann
> n 











tann
= n...(2)

Now, 0
lim
 
































 tannsinn
= n – 1 + n = (2n – 1)

Q.17 (2)

n
im n cos



4 n









 sin



4 n











=
n

im cos


4 n











n
im

4

n4

n4
sin











 








 

= 1 . 1 .
4


=

4



Q.18 (4)

n
im 5 3 2

5 2 3

1 2

2 3

n n n

n n n





 

 

= n
im

nnn

nnn

9.2725

435.5





= n
im

27
9

2

9

5

9

4
–

9

3

9

5
.5

nn

nnn













































=
2700

0–00




= 0

Q.19 (3)

x 0
lim
 













]3x[

]3x[sin

LHL at x = 0

0h
lim
 













]h3[

]h3[sin
= 0h

lim
 













)4(

)4sin(
–1
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RHL at x = 0

0h
lim
 













]h3[

]h3sin[
= 0h

lim
 









3

3sin
= 1

since LHL  RHL hence limit does not exist.

Q.20 (1)

x
Lim

)1x(

2x

2x














It is of the form 1, so

 = x

x 2
Lim (x 1) 1

x 2e 

 
    = x

x 1
Lim x 2 x 2

x 2e 

 
       

= x

1 1/x
Lim .4

1 2/xe 

 
   = e4

Q.21 (1)

0x
Lim  

5
2 x1 tan x It is of the form 1, so

 =
 2

x 0

5
Lim 1 tan x 1

x
e



 

=
 2

x 0

5
Lim tan x

x
e



=
 2

h 0

5
Lim tan h

he  =
 

2

2

h 0

tan h

Lim h5 5e e

 
 
 
 
  

Q.22 (2)

4
x

Lim


 (1 + [x])1/n tan x

After putting limit [x] becomes zero, so base is dot
one hence 1 = 1

Q.23 (2)

 0x
im

x

)x1(cos 1 

=
 

h0

)h0(–1cos
im

1–

0h 






=
h

)h–1(cos
im

1–

0h


Let 1 – h = cos 

sin = 2)h–1(–1

 = sin–1 2h–h2

=
h

h–h2sin
im

21–

0h


=
0h

im



2

21–

h–h2

h–h2sin
.

h

h–h2 2

= 1 × 2 = 2

Q.24 (2)

0x
im



)xx2(cosn

)x6(sin
2

2



= 0x
im



))xx2(cos(n

x6
.

x6

x6sin
2

2

2

2



= 1. 0x
im



))xx2(cos(n

x6
2

2










form

0

0
[Using L’’

Hospital rule]

= 0x
im



)x–x2(cos

)1–x4())xx2(sin(–

x12

2

2 

= 0x
im



 
 

2

2

x 2x 1–12cos(2x – x) 1
.

4x –1 2x 1sin(2x – x)





=
1 12

12
1.1


  

Q.25 (1)

x
im



















x

1
1nxx 2 

= x
im x – x2 








 ......–

x3

1

x2

1
–

x

1
32

= x
im x – x +

2

1
–

x3

1
+ .......=

2

1

Q.26 (3)

x
Lim

x

2

2

2x4x

1x2x

















It is of the form 1, so,

 = 

















1

2x4x

1x2x
xLim

2

2

x
e =



















 2x4x

xx2
Lim

2

2

x
e

=
2x

2 1/x
Lim

1 4/x 2/x
e



 
     = e2

Q.27 (3)

ax
lim









 











a2

x
tan

x

a
2 It is of the form 1,



48

Limit of Function

 =













1

x

a
2

a2

x
tanlim

axe =







 

 x

ax

a2

x
tanlim

axe

Put x = a + h,

 =

















 




 ha

h
.

a2

h

2
tanlim

0he =

















 


 ha

h
.

a2

h
cotlim

0he

=

)ha(

/a2
)a2/h(

a2

h
tan

1
lim

0h

e













 




= ha

1a2
lim

0he 





 = e–2/



Q.28 (1)

xsin

1

0x
)x(cosim


 (1 form)

=









 xsin

1–xcos

0x
im

e


= 2

x
cos

2

x
sin2

2

x2sin2–

0x
im

e



=









 2

x
tan–

0x
im

e


= e0 =1

Q.29 (3)

2
x

lim



3)x2(

2

x
tan1

)xsin1(
2

x
tan1





















Put x = 










h

2

= 0h
lim




























2

h

4
tan1

2

h

4
tan1

× 3

h2
2

2

h
2

sin1



























= 0h
lim
 



























































3h8

cosh1

2

h
tan1

2

h
tan1

1

2

h
tan1

2

h
tan1

1

= 0h
lim
 

















3h82

)2/htan(2
× (2 sin2 (h/2))

=
4

1
0h

lim
 









2.)2/h(

2/htan
× 














 44/h

)2/h(sin
2

2

=
32

1

Q.30 (3)

f(x) =




























0x,0

0x,
x

1
sin

x

1
sinx

2

 x
lim f(x) = x

lim x sin 








x

1
+ sin 








2x

1

Put x =
y

1
 0y

lim
 









y

ysin
+ 0y

lim
 sin y2 = 1+0 = 1

Q.31 (1)

2
x

Lim


 






 




2
xx

21 xcos

2cosx

=
2

x

Lim


 xcos

x
2

sin

2.xx
2

12


























=
2ln2



Q.32 (2)

2x

n

)mx(coslim
0x

since it is of the form 1, so,

=
)1mx(cos

x

n
lim

20xe


 =
2

2
2

2

0x

m

4

4

m
x

2

mx
sinn2

lim

e














=















2

nm2

e

Q.33 (A)

0x
lim
 










|x|

xsin
)e1( x

(0,0)
x

y=(1–e )
x

RHL
LHL

0x
lim











x

xsin
)e1( x

x 0
lim



x sin x
(1 e )

x

 
  

= (–0.99) = –1 = (–0.9999) = –1
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Q.34 (3)

f(x) =






















0x;}x{cot}x{

0x;1

0x;
)]x[x(

]x[tan
22

2

RHL : 0x
lim

}x{cot}x{ = 1cot1 = 1cot

LHL : 0x
lim

)]x[x(

]x[tan
22

2


=0  cot–1

1)x(flim

2

0x














Q.35 (3)

 = 0x
lim
 2x

x2cosxcos1

 = 0x
lim
 2

(1 cosx cos2x ) (1 cosx cos 2x )

x (1 cosx cos2x )

 



 = 0x
lim
 )111(x

x2cos.xcos1
2

2





 = 0x
lim
 2

22

x2

)xsin21(xcos1 

 = 0x
lim
 2

222

x2

xcosxsin2xcos1 

 = 0x
lim
 2

2

x2

xsin
+ 0x

lim
 2

2

x

xsin
.cos2 x

 =
2

1
+ 1 =

2

3

Q.36 (2)

0x
lim
 4x

xcos)xcos(sin 

= 0x
lim
 4x

2

xsinx
sin

2

xxsin
sin2 







 







 

= 0x
lim








 







 

2

xxsin

2

xxsin
sin2

×
4x

2

xxsin







 

×








 








 








 

2

xsinx

2

xsinx

2

xsinx
sin

= 0x
lim
 2 







 

2

xsinx
× 







 

2

xsinx
× 4x

1

= 0x
lim
 2

1







 

x

xsinx







 
3x

xsinx
=

3x 0

1 sin x x sin x
lim 1

2 x x

   
    

   

=  
1 1 1

1 1
2 6 6

 
   

 

Q.37 (2)

x
lim

x2

2x

b

x

a
1 








 = e2 It is of the form 1

 =
2x

a b
lim 2x 1 1

x xe 

 
   

  =










 x

b2
a2lim

xe = e2a

but  = e2 , so e2a = e2  a = 1 & b  R

Q.38 (1)

 = x
lim

x

2

2

3xx

3x5x

















It is of form 1

 =

2

2x

x 5x 3
lim x 1

x x 3
e



   
 

    =









 3xx

x4
xlim

2xe

=
4x/3x/11

4
lim

ee
2x


















Q.39 (3)

0x
lim


2 3 sin x cos x
6 6

x 3 ( 3 cosx sinx)

     
      

    



= 0x
lim
 )xsinxcos3(3x

x
6

cos
2

1
x

6
sin

2

3
22
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= 0x
lim
 )xsinxcos3(3x

6
x

6
sin4










 





= 0x
lim
 2

x

xsin
. 0x

lim















 xsin

2

1
xcos

2

3
3

1

=2 0x
lim













x

6
cos3

1
=

3

4

Q.40 (3)

 = 0x
lim
 ]x[cos1

]x[cos.sin



LHL : 0h
lim
 )]h0[cos(1

)]h0([cossin




 0h

lim
 01

0sin


= 0

( [cos (0 – h)] = 0)

RHL : 0h
lim
 )]h0[cos(1

)]h0[cos(sin




 0h

lim


sin0

1 0
= 0

so, 0x
lim
 ]x[cos1

]xsin[cos


= 0

Q.41 (1)
1From

=
x

Lim x 







 1

x

1
cos

x

1
sin

put x = 1/t

=
0t

Lim


 1tcostsin
t

1


=
0t

Lim
 t

1










2

t
sin2

2

t
cos

2

t
sin2 2

=
0t

Lim
 t

1

2

t
sin2 










2

1
sin

2

t
cos = 1 = e1

Q.42 (3)

0x
im



xsinx

xcos–e
3

2

2x
–

= 0x
im












































.......
!3

x
–xx

......–
!4

x

!2

x
–1–......–

!2.4

x

2

x
–1

3
3

44

= 0x
im

































.......
!3

x
–1x

.....
!6

1
–

!3.8

1
x–

!4

1
–

8

1
x

2
4

64

= 








24

1
–

8

1
=

12

1

Q.43 (3)

 = 0x
lim
 )xtanx(sin

kx
2

nx
cos2ee 2nxnx





Using series expansion
=

0x
lim


2 2 3 3 2 2 3 3
2

3
3

nx n x n x nx n x n x nx
1 1 2cos kx

1! 2! 3! 1! 2! 3! 2

(sinx tanx)
x

x

        

 
 
 

= 0x
lim


4 4 2 2 4 4
2 2 2

3
3

n x n x n x
2 n x 2 1 kx

12 4.2! 16.4!

sinx tanx
x

x

 
      

 
 

 
 
 

=

2
2 4

3
3

5n
k x Mx

4

sinx tanx
x

x

 
  

 
 

 
 
 

For existence of limit,
4

n5 2

= k, now check value of

n & k from options.

Q.44 (4)

n
lim

4n

1
 3 3 3[1 x] [2 x] ..... [n x]  

13 x – 1 < [13 x]  13 x

23 x – 1 < [23 x]  23x
33x – 1 < [33 x]  33 x

  
n3x – 1 < [n3 x]  n3x so,

(13 x +...+ n3x) – n < [13 x] ...+ [n3 x]  13x + 23x +... n3x

n
lim

3 3

4

(1 x ... n x) n

n

  
< n

lim

  n
lim

3 3

4

1 x ... n x

n
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n
lim

2

4

n(n 1)
x n

2

n

 
 

  < n
lim

  n
lim

2

4

n(n 1)
x

2

n

 
 
 

n
lim

2
4

4 3

1
n 1 x

1n

4n n

    
    
 
 
 

< n
lim

  n
lim

2
4

4

1
n 1 x

n

4n

 
 

 

4

x
– 0 < n

lim  <
4

x
So, n

lim  =
4

x

Q.45 (4)

n
lim





















n2n

1
......

1n

1

n

1

222

 n
lim

n2n

)1n2(

2 


  

2n

)1n2( 

 n
lim

n
2n

n2
1

)1n2(




   n

lim 






 

n

1n2

 2    2   = 2

Q.46 (2)

Given : f(x) =








1x,2x2

1x,1x
2

g(x) = 2
x 1 , x 0

x 1 , x 0

 

  

& h(x) = |x|

LHL : 0x
lim

f(g(h(0–))) = 0x
lim

f(g(0+))

= 0x
lim

f(1+) = 0

RHL : 0x
lim

f(g(h(x))) = 0x
lim

f(g(h(0+))) = 0x
lim

f{g(0+)} = 0

Q.47 (3)

f(x) = 0t
lim
 






















2
1

t

x
cot

x2

Case –1 :  If x < 0,

Let x = –k, where k > 0.

so,


x2
cot–1 








2t

x
=



 k2
cot–1 







 
2t

k
=



 k2











 
2

1

t

k
tan

2

0t
lim


2x


cot–1 








2t

x
= 0t

lim
 –



k2










 
2

1

t

k
tan

2

= – k – k 
2x

Case – 2 :  If x > 0,

t
lim



x2
cot–1 








2t

x
= 0 0

i.e. x-axis.
so, graph of f(x) will be

Q.48 (1)
Multipling by log x in dinominater & numanater

x
lim

]x[

]x[nlogx 
= x

lim
xlog]x[

xlog]x[nlog 

x
lim

xlog]x[

nlog
– 1 = –1

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1 (B)

x
im

x

n

e

x
= 0 (n  integer)

case(i) when n = 0

then x
im

xe

nx
= x

im
xe
1

= 0

case(ii) when n is +ve integer

x
im

xe

nx










 form

= x
im

xe
!n

= 0

case(iii) when n is – ve n = –m where m  z+

x
im

xe

nx
= x

im
xe

m–x

= x
im

xe.mx
1

= 0
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so x
im

x

n

e

x
= 0

Q.2 (B)




























3

a
x–

a

3|x|
–ax

im (a > 0)

x = a – h

=






























3

a
h–a–

a

3|h–a|

0h
im

=






























3

a
h–1–

a

3|a|

0h
im

= a2 – 0 = a2

Q.3 (A)

Given that , x
lim f(x) is finite & non zero.

Also, x
lim

3
)x(f

1)x(f3
)x(f

2














 


Let x
lim f(x) =  so x

lim












 


)x(f

1)x(f3
)x(f

2 = 3

  + 2

13



 
– 3 = 0  ( – 1)3 = 0   = 1

Q.4 (D)

max
lim
 (A

1
. AA

2
.......... A

n
), 1  m  n

max
lim
 |ax|

ax
.

|ax|

ax

2

2

1

1








...

|ax|

ax

m

m




...

|ax|

ax

n

n





max
lim
 (1)m – 1 × |ax|

ax

m

m




× (–1)n – m

RHL LHL
(–1)n – m × 1 (–1)n – m × (–1)
so, limit does not exists.

Q.5 (C)

n
im

n432 2

x
cos.......

2

x
cos

2

x
cos

2

x
cos

2

x
cos

=
n

im

n
n

2

x
sin2

xsin
=

n
im



















n

n

2

x
sin

2

x

.
x

xsin
(

n
im

n2

x
= 0) =

x

xsin

Q.6 (C)
,  are the roots of the equation ax2 + bx + c = 0

 ax2 + bx + c = )–x()–x(a 

  


 x

1
2

x
cbxax1im = 


 x

cbxaxim
2

xe


= )–x(

)–x()–x(a
im

xe 






= ea( – )

Q.7 (D)

,  be the roots of the equation ax2 + bx + c = 0
where 1 <  < .
(i) if a > 0

So ax2 + bx + c > 0 when x  (–, )  (, )

So 1
cbxax

|cbxax|
im

2

2

xx 0









when a > 0 and x  (–, )  (, )
(ii) If a < 0

So ax2 + bx + c > 0 when x  (, )

1
cbxax

|cbxax|
im

2

2

xx 0









when a < 0 and x  (, )
So (A) a > 0 and x

0
< 1 right

(B) a > 0 and x
0

>  right
(C) a < 0 and  < x

0
<  right

(D) a < 0 and x
0

< 1 wrong

Q.8 (B)

x
lim

n

e

1

xe

1

xx

x

32e
xnxn

































= x
lim

)e/x(

)13()12(
xn

e/xe/x xnxn



Now, x
lim

x

n

e

x
= 0

So, x
lim













 

)e/x(

12
xn

)e/x( xn

– x
lim













 

)e/x(

13
xn

)e/x( xn
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= log
e

2 – log
e

3 = log
e










3

2

Q.9 (D)
Given that  &  are the roots of ax2 + bx + c = 0

 = x
lim

2

2

)x(

)cbxax(cos1





 = x
lim

2

2
2

)x(

2

cbxax
sin2















 

 = x
lim

2

2

2

22

2

a

a

)x(

)x(
4

4

)x(

2

)x()x(a
sin2
















 

 =
4

2
× a2

x
lim (x – )2 =

2

a2

( – )2

Q.10 (B)

(i)  =  xsin1xsinim
x








= 











 












 

 2

x1x
sin.

2

x1x
cos2im

x


 =  




























 

 x1x2

x1x
sin.

2

x1x
cos2im

x


 =  

























 

 1xx2

1
sin

2

1xx
cos2im

x


 = (oscillating value –1 to 1) × 0 = 0

(ii) m =  xsin1xsinim
x






when x  

then x undefined

m is undefined

Q.11 (B)

(tan ) x + (sin )y = 
[(cosec )x + (cos )y = 1] × tan 

x =




sectan

tan

x = 0
Lim


)(sin
cos

1

tan





× 3

3

/1

/1





x = 0
Lim
 6/1

3/1




× cos  = 2

and y = 0
Lim
 )sec(tansin

sectan 22





= 0
Lim
 4

3

2222

.
)sec(tansin

sectan












= 0
Lim

























































cos

1sinsin

.cos

cos1tan
1

tan

3

23

= –1

Q.12 (C)
Given a = min {x2 + 2x + 3, x  R}

& b = 0
lim
 2

cos1





Let f(x) = x2 + 2x + 3. Its discriminant is less than

zero. Its min. value is
a4

D
=

14

)8(




= 2

Then a = 2 & b

= 0
lim
 2

cos1




= 0

lim


4.
4

2
sin2

2

2










 

=
2

1

Now

n rn n
r n r r

r 0 r 0

1
a b 2

2




 

 
  

 
 

= n2

1



n

0r

r22 = n2

1
(20 + 22 +........+ 22n)

= n2

1

)12(

1)2(
2

1n2





= n

1n

2.3

14 

.

Q.13 (B)

0x
im



3

11

x

xtanxsin  

= 0x
im



3x

....–
5

5x

3

3x
–x–....3x

!3

21
x
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= 0x
im



3x

......5x
3

1

!3

13x 
















=
3
1

6
1
 =

2

1

6

3


Q.14 (A)

 xsin–bxxa

x
im

3

0x 
 = 1


0x

im



xa

1

 0x
im



xsin–bx

x3

= 1


a

1
.

0x
im














 ......–

!5

x

!3

x
–x–bx

x
53

3

= 1


a

1
.

0x
im



...
!5

x
–

!3

x
x)1–b(

x
53

3


= 1

If limit exists, then b – 1= 0 b = 1

so
a

1
.

0x
im














 ....

120

x
–

6

1
x

x
2

3

3

= 1


a

1
×

6

1

1
= 1  a = 36

so a = 36, b = 1

Q.15 (B)

0y
im




















































 

 y

1nxexp1nxexp

im
x
yb

x
ya

x





= 0y
im




































 

 y

11

im

xx

x

x
yb

x
ya


by expansion

= 0y
im





















































 y

.....
!2

)1–x(x
by1......

!2

)1–x(x
ay1

im
2

22

2

22

x

x

yb

x

ya



= 0y
im






















y

.....)b–a(
2

y
)b–a(y 22

2

= a – b

Q.16 (A)

x 0

n sin x
im

x
n sin

2








L’ Hospital

x 0

1
cos x

sin xim
1 1 x

cos
x 2 2

sin
2

  
   

 



x 0

x
cos x

sin x
im 1

x
x2 cos

x 2
sin

2



 
 
  
 
 

 
 
 



Q.17 (A)

f(x) = 














n

1

1
x 












1

1
x

f(0) = 

























n

1
1

11

 f(0) = 













n

1
)1)((

1

 f(0) = 
















n

1
1

11
 f(0) = 1 –

1n

1



 f(0) =
1n

n



Now
n

im f(0) =
1n

n
im

n 
 =

n

1
1

1
im

n



 =

1
01

1
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Q.18 (A)

n
lim

222 n.......21

1.n......)1n(2n.1





consider the numerator, it can be written as follows





n

1r

)1rn(r = (n + 1) 



n

1r

2
n

1r

rr

= (n + 1) (1 + 2 + 3 +....+ n) – (12 + 22 +...+ n2)

=
2

)1n(n.)1n( 
–

n(n 1)(2n 1)

6

 
=

6

)2n)(1n(n 

Now n
lim

6

)1n2)(1n(n
6

)2n)(1n(n





= n
lim

)1n2(

)2n(




=

2

1

Q.19 (A)

0x
im

 g(f(x))

L.H.L.= –0x
im

 g[f(x)]

–0x
im

 g(sinx) =

0h
im

 g(sinh) =

0h
im

 (sin2 h +1) = 1

R.H.L. = 0x
im g[f(x)] = 0x

im g(sinx) =
0h

im



g(sinh) =
0h

im

 (sin2 h +1) = 1

L.H.L. = R.H.L. = 1

so
0x

im

 g[f(x)] = 1

JEE-ADVANCED
MCQ/COMPREHENSION/MCOLUMN ATCHING
Q.1 (A, B, C)

f(x) =
]x[x

20x9x2





5x
im

]x[x

20x9x2




=

1

2045–25 
= 0

5x
im

]x[x

20x9x2




=

]h5[–h5

20)h5(9–)h5(
im

2

0h 






=
h

20h9–45–hh1025
im

2

0h




 =

h

hh
im

2

0h






=
h

)1h(h
im

0h




 = 1

 –5x

im


 f(x)  5x

im f(x)

so 5x
im

 f(x) does not exist

Q.2 (A, B)

(A) –x
im

6x3

2x2




= x

im
6x3–

2x2





= x
im

x

6
–3–

x

2
1

2


= –
3

1

(B) x
im

6–x3

2x2 

= x
im

x

6
–3

x

2
1

2


=
3

1

Q.3 (A, B, C, D)

Ax

)1ax(
im

n

n

x 






(A) If n  N

x
im

n

n

x

A
1

x

1
a













=
01

)0a( n




= an

(B) If n  Z
–

& a = A = 0

then
x

im
Ax

)1ax(
n

n





=
x

im
nx

1
=  n  Z

–

(C) If n = 0

then
x

im
Ax

)1ax(
n

n





=
x

im
A1

1



=
A1

1



(D) If n  Z
–
, A = 0 & a  0

then
x

im
Ax

)1ax(
n

n




=

x
im

n

n

x

)1ax( 

=
x

im
n

x

1
a 










= (a + 0)n = an



56

Limit of Function

Q.4 (B, C)

f(x) =












2x1,ax

1x0,
a

x2
1

L.H.L. = –1x
im

 f(x) =

0h
im

 1 +

a

)h–1(2
= 1 +

a

2

R.H.L. = 1x
im f(x) =

0h
im

 a (1 + h) = a


1x

im

 f(x) exists

L.H.L.= R.H.L.

 1 +
a

2
= a

 a2 – a – 2 = 0
 (a – 2) (a +1) = 0

 a = 2, –1

Q.5 (A, B)

Let f(x) =
|x|x

x2cos2cos
2



(A) )x(fim
1x 



for x = – 1 |x| = – x

f(x) =
xx

x2cos2cos
2 



Now
xx

x2cos2cos
im

21x 




 (

0

0
form)

=
1x2

x2sin2
im

1x 
 = 2sin2

(B)
xx

x2cos2cos
im

21x 




 (

0

0
form) =

1x2

x2sin2
im

1x 


= 2sin2

Q.6 (A, D)

For 0x
im



2x

xcosa1

for 










0
0

form

1 + a = 0  a = – 1

for 0x
im



3x

xsinb
= 0x

im



2x

b

so b = 0

Now  = 0x
im



2x

xcosa1
–

0x
im



3x

xsinb

= 0x
im



2x

xcos–1

= 0x
im



2x
2
x2sin2

= 0x
im



4
2

2

2
x

2
xsin



















=
2

1
. (1)2 =

2

1

 (a, b) = (–1, 0) and  =
2

1

Q.7 (A, B, C, D)

0x
im

   x

1

bxsinaxcos  = e2 (1form)

 2x

1bxsinaxcos
lim

ee 0x 







 



 21

bxcosabxsin
im

ee 0x 







 




  bxcosabxsinim
0x



 = 2

 ab = 2  a = 1, b = 2; a = 2, b = 1; a =

3, b =
3

2
; a =

3

2
, b = 3

Q.8 (A,B, C)

0x
im f(x)=

0h
im

 | 0 – h| sin(0 –h)

=
0h

im

 hsin(–h)

=
)nh()hsin(–

0h
im

e




= e0 = 1

0x
im f(x) =

)h0(sin

h
|h0|im 




=
h

im hsin h

= )nh()h(sinim
he




= e0 = 1

 0x
im f(x) = 0x

im f(x) = 1

 0x
im

 f(x) = 1

Q.9 (A, D)

0x
im



3x

xsinaxcosxsin2 
= p (finite)
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 0x
im



x

xsin
. 







 
2x

axcos2
= p

 0x
im



x

xsin
. 0x

im



2x

axcos2 
= p

 0x
im



2x

axcos2 
= p

For 








0

0
form

2 + a = 0
a = – 2

 p = 0x
im



2x

)1–x(cos2
 p = 0x

im



2

2

x

2

x
sin22– 









 p = – 1

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

f(x) =
xsin

|x| 

(A) f(–) =
0h

im



)h(–sin

|h–|





=
hsin–

|h|
im

0h
 = – 1

(B) f(–) =
0h

im



)h–sin(–

|h––|





=
hsin

|h|
im

0h
 = 1

(C) f(–)  f(–)

so x
im f(x) does not exist

(D) for x
im f(x)

LHL = –x

im



xsin

|x| 

=
0h

im



sinh

h–2
=

0

2
= 

RHL = x

im
xsin

|x| 

=
0h

im



sinh–

h2 
= –

0

2
= – 

LHL  RHL

so
x

im f(x) does not exist.

Comprehension # 01

Q.11 (A)

Q.12 (D)

Q.13 (A)
(11 to 13)

0x
im f(x) = 0x

im
3

xx

x

)x1(ncbeaexsin   

= 0x
im

3

43243243253

x

....
4

x
–

3

x

2

x
–xc....–

!4

x

!3

x
–

!2

x
x–1b........

!4

x

!3

x

!2

x
x1a...

!5

x

!3

x
–x





























































= 0x
im

3

432

x

....x
3

c

!3

b
–

!3

a

!3

1
–x

2

c
–

!2

b

!2

a
x)b–a1(x)ba( 




























 limit is finite 














0c–ba

0b–a1

0ba

a = –
2

1
, b =

2

1
and c = 0

Also 0x
im f(x) =

3

c

!3

b
–

!3

a

!3

1
–  = –

6

1
(1 – a + b

– 2c) = –
3

1

Comprehension # 02
Q.14 (B)

In radians we can say sin x = sin 






 

180

x

 sin x = sin 






 


180

x
or sin 







 


180

x
2

x = 






 


180

x
or x = 







 


180

x
2

x =




180

180
or x =





180

360

on comparing with




q

p
and





n

m

we have, m = 360; n = 180; p = 180 and q = 180
 m + n + p + q = 900
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Also
pq

mn
= 180·180

180·360
= 2 = L

Q.15 (A)

CxBxAx

xC)BxAx(
Lim

2

222

x 




= 2;

 C)xB(Ax

Bxx)CA(
Lim

22

x 




= 2

for existence of limit A = C2

hence
A

BC
=

C

B
(using A = C2)

 L =
CA

B


= 2

if C =– A then limit does not exist hence

C= A


C2

B
= 2 

C

B
= 4

Q.16 (C)
g ' (x) = – 2 f ' (10 – 2x)
g ' (L = 2) = – 2 f ' (6) = 0

Q.17 (A) (s),(B) (r), (C) (p), (D) (q),

(A) If m > n  m – n > 0  0)x(im
0x





(B) If m = n, then

0x0x
im)x(im


 

0

0

m1m

1

m

0

km

k

1m

1

m

0

b

a

xb..........bxb

xa..........axa













(C) If n – m is even positive, then




)x(im
0x

 as 0
b

a

0

0 

(D) If n – m is even positive and 0
b

a

0

0  , then




)x(im
0x



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

(A) 0x
im



xsin

x]etan[x]etan[
2

2222 

= 0x
im



2

2
2

22

22
22

22

22
22

x

xsin
x

x]e[

x]etan[
x]e[–

x]e[

x]etan[
x]e[






= [e2] – [– e2]
= 15

(B) 0x
im

   










x

xsin
)6t4tmin( 2

= 0x
im












x

xsin2

 sin x < x


x

xsin2
< 2  









x

xsin2
= 1

So 0x
im












x

xsin2
= 1

(C) 0x
im



2

4

1
3/12

xx

)x2–1(–)x1(





= 0x
im



2

2
2

xx

....x4
!2

1–
4

1

4

1

2

x
–1–....

3

x
1















































=
2

1

(D) 0x
im

 =

xsin

xcos12
2


= 0x

im



xsin
4

x
sin22

2

2

=

0x
im



2

22

2

x

xsin
.

16

x
.16

4

x
sin22

=
8

2

NUMERICAL VALUE BASED

Q.1 [2]

)x(fim
0x 

 = 0x

im

})x{–1(}x{2

})x{–1(cos.}x{–1(sin 1–1–

= 0h
im



)h–1(h2

)h–1(cos.)h–1(sin 1–1–

= 0h
im



h2)h–1(

)h–2(hsin)h–1(sin 1–1–

= 0h
im



h2h–h2

)h–2(hsin

1
2

2

1–


2h–h2
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= 0h
im



2


. 1 .

22

h
–1




)x(fim
–0x

 = –0x
im



})x{–1(}x{2

})x{–1(cos})x{–1(sin 1–1–

= 0h
im



2

2

h)h–1(2

hcos.hsin 1–1–


 =
22



Q.2 [1]

x
im








































2x

1sin
x
1sinx

x
im
















































2x

1
sin

x
1

x
1sin

= 1 + 0 = 1

Q.3 [2]

0x
im



2x

x2cosxcos–1

=
0x

im



2

2

x)x2cosxcos1(

x2cosxcos–1



=
0x

im



)x2cosxcos1(

1

 .
0x

im



2

2

x

x2cosxcos–1

=
2

1
0x

im



2x

x2cos
2

x2cos1
–1 







 

=
2

1
0x

im



2

2

x2

)x2(cos–x2cos–2

=
4

1
0x

im

 – 2x

1
(cos 2x + 2) (cos 2x – 1)

=
4

1
0x

im

 (cos 2x + 2).

0x
im



2x

x2cos–1

=
4

)21( 
.

0x
im



2

2

x

xsin2
=

2

0x x

xsin
im2.

4

3










 =

2

3

 limit =
3 1

2 2
 = 2

Q.4 [1]

x
im f(x) exist and is finite & non zero

x
im 










)x(f

1–)x(f3
)x(f

2 = 3 
x

im

f(x) + 2

x

x

)x(fim

1–)x(fim3















= 3

Let
x

im f(x) = AA

A + 2A

1–A3
= 3

 A = 1

so
x

im f(x) = 1

Q.5 [0]

0x
im

 f(g (h (x)))

L.H.L. x  0–

–0x
im

 h (x) = 0+

0x
im f(g(x))

then 0x
im g(x) = 1+

1x
im f(x) = 1 – 1 = 0

R.H.L. x  0+

0x
im h (x) = 0+

so
0x

im f(g(x)) = 0

L.H.L. = R.H.L. = 0

Q.6 [1]

0x
im

 g(f(x))

L.H.L. = –0x
im

 g[f(x)]

–0x
im

 g(sinx) =

0h
im

 g(sinh) =

0h
im

 (sin2 h +1) = 1

R.H.L. = 0x
im g[f(x)] = 0x

im g(sinx) =
0h

im



g(sinh) =
0h

im

 (sin2 h +1) = 1

L.H.L. = R.H.L. = 1

so
0x

im

 g[f(x)] = 1

Q.7 [2]

n
im
























n2n

1
.............

2n

1

1n

1

n

1

2222

using sandwitch theorem

2n

1


n

1

1n

1

2 


n

1
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n2n

1

2 


n

1

adding all these inequilities

n2n

1
.............

2n

1

1n

1

n

1

2222 






 

n

n2

Taking both side n
im

n
im
























n2n

1
.............

2n

1

1n

1

n

1

2222 = 2

Q.8 [1]

0x
lim 2

2

1
x

x

 
 
 

= 0x
lim 2

2 2

1 1
x

x x

  
   
  



0x
lim 2

2

1
1 x

x

  
   

  
= 1

similarly –0x
lim


f(x) = 1

Q.9 [11]

0x
im



1 1

3

84x
sin x tan x 8

sin xx

 
 

 
 

  
 

=

0x
im



3x

....–
5

5x

3

3x
–x–....3x

!3

21
x































+
84

8

= 0x
im

  3 5

3

1 1
x x ......

3! 3

x

 
   

  +
21

2
= 111

Q.10 [37]

 xsin–bxxa

x
im

3

0x 
 = 1


0x

im



xa

1

 0x
im



xsin–bx

x3

= 1


a

1
.

0x
im














 ......–

!5

x

!3

x
–x–bx

x
53

3

= 1


a

1
.

0x
im



...
!5

x
–

!3

x
x)1–b(

x
53

3


= 1

If limit exists, then b – 1= 0  b = 1

so
a

1
.

0x
im














 ....

120

x
–

6

1
x

x
2

3

3

= 1


a

1
×

6

1

1
= 1  a = 36

so a = 36, b = 1

Q.11 [20]

f(x) =

n
5

x

1

 
  

 4
x

1

 
   

f(0) =

n

1

5 4

1


   
         



 f(0) =

n

1

20

( )( 1)


 
 
   



 f(0) = 20
















n

1
1

11

 f(0) = 20
1

1
n 1

 
  

 f(0) =
20n

n 1

Now
n

im f(0) =
n

20n
im

n 1 


= n

20
im

1
1

n





=

20
20

1 0




Q.12 [12]

LHL = 0h
im f(0 – h) = 0h

im f(– h) = 0h
im   2h

1– =1

RHL = 0h
im f(0 + h) = 0h

im f(h) = 0h
im










 nn h1

1
im = 1

Q.13 [21]

0x
im



)xtanx(sin

xk
2
xn

cos2ee 2xnxn
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=


























































.......x
15

2

3

x
x........

!3

x
x

xk........
!4.16

xn

!2.4

xn
12.....

!4

xn

!2

xn
12

im
5

33

2
44224422

0x


=
..........

3

1

!3

1
x

!4.16

n2

!4

n2
xk

4

n
nx

im
3

44
4

2
22

0x











































limit exists, if coff. of x2 is zero.

 n2 +
4

n2

– k = 0  4k = 5n2

so the possible value match that is n = 2
k = 5

Q.14 [11]













n

1r

3

n

1r

2

n

r

)1rn(r

im

=













n

1r

3

n

1r

3
n

1r

2

n

r

rr)1n(

im

=

























1

4

)1n(n

6

)1n2()1n()n(
)1n(

im
22n

 =
4/1

3/1
– 1

=
3

1
1

3

4


Q.15 [99]

n
im

98

xx
x 1 x 32

1 2

n

CC
n C ...

2n 6n


 

    
 

=
1

99

the limit obviously exists if x – 1 = 98

Q.16 [1]

 x

1

)x1(  = e 







 .....x

24

11

2

x
–1 2

Now  = 0x
im



xtan

)x1(e x

1



= 0x
im



.....
15

x2

3

x
x

.....–x
24

11

2

x
–1e–e

53

2













=
2

e

KVPY

PREVIOUS YEAR’S

Q.1 (C)

x
x

x xx x

sin(e ) x
lim xsin(e )f (x) lim f (x)

e e




 


= 1 × (0) × M = 0
Q.2 (D)

 x 3 x 2

3 x x/2x 2

a a a a 0
lim

a a 0





    
 

  

Applying L hospital rule

x 3 x

x 2 3 x x/2

a na a na
lim

1
a na a na

2



 



 

 

 

 
2 2a na a na a a 2

1 a
a 3a 3a na na
2 2

 
  

  

 

 

Q.3 (A)

 
26/x

x 0

x
lim 1

sin x





 
  

2x 0

6 x
lim 1

sin xxe 

 
  

2x 0

6 x sin x
lim

sin xxe 

 
  

3 5

2 3 5x 0

x x
x x ....

3! 5!6
lim

x x x
x ....

3! 5!e


  
    
  

 
  

   
  

3 5

2 3 5x 0

x 5
.....

3! 5!6
lim

x x x
x .....

3! 5!e


  
 

  
 

  
 

2

3
1

3 2x 0

1 x
.....

3! 5!6x
lim e

x x
1 ....

3!e


  
 

  
  
 

  

Q.4 (D)

 
 

n 0

cos n
C

n!






 

n

cos cos 2 cos3 cos n
lim 1 ...

1! 2! 3! n!
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1 1 1

C 0 1 ...
1! 2! 3!

     up to  term

= e

 
1 1 1

C 1 .....
1! 2! 3!

      up to  term

Clearly C(0), C() = 1

C(0) . C()
1

e 2
e

  

C(0) =
sin sin 2 3sin3

2 ....
2 2! 3!

  
    up to

 term
And that value is equal to zero at 0 = 0

Q.5 (A)

3

3

x
2 t

0

xx

x e dt

lim
e



Apply L Hospital

3 3

3

x
t 2 x

0

2 xx

2x e x e

lim
3x e



3 3

3

x
t x

0

2 xx

2 e xe

lim
3x e



3 3 3

3 3

x x 3 x

x 3 xx

2e e 3x e
lim

3e 9x e

 



3

3x

3 3x 1
lim

3 9x 3






Q.6 (D)
Rationalise

2
2

2x

4x x 2x
lim ( 4x x 2x)

4x x 2x

  
   
   

x

x
lim at x ,x | x

1
| x | 4 2x

x



 
 
     
 

  
 

x

x 1 1
lim

2 2 41
x 4 2x

x



 
    

 
   

 

Q.7 (B)

1/ 2nn

n 1/ 2n

n

2
lim(3 ) 1

3

  
      

Put
n
lim 3


Q.8 (B)

| f (x) = f (x) | = | x – y|
f (x) f (y)

1
x y


 



Take
x y

f (x) f (y)
lim 1

x y






x y
lim f '(x) 1


  f '(x) 1  

(1, 1) (0, 1)

(0, 0) (1, 0)

Hence two function possible

Q.9 (A)

(I)

nn

nn

2 –2
lim

2 2

  
     

n

n
lim(1 (–1) )


  does not exist

(II)

n n

n

3 3
lim

4 4

    
         

= 0 + 0 = 0.

JEE-MAIN

PREVIOUS YEAR'S

Q.1 (4)

 4x

x 0

ax e 1
lim

ax.4x

 

Apply L' Hospital

 4x

x 0

a e 4
lim

8ax

 
(

a 4

0


form)

4 limit exist a = 4

4x

x 0

4 4e
lim

32x


=

4x

x 0

1 e
lim

8x


=

1

2



a = 4 , b =
1

2



2 (a + b) = 2
1

4
2

 
 

 
= 7
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Q.2 (1)

=
x 0
lim


2 sin x
6 6

3x( 3)

   
   

   =
x 0
lim


4

3

sin x

x
=

4

3

Q.3 (1)
By L–H rule

   
x a

f a af x
L lim

1




 L=4–a(2)

Q.4 [4]



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

&
 a b c

2
= 2

   a b c 4

Q.5 (4)
1 1

2
x 0

cos x sin x
lim

x 2(1 x )

 




 



Q.6 (1)
We know that

r [r] < r + 1
and 2r [2r] < 2r + 1

3r [3r] < 3r + 1

nr [nr] < nr + 1

r + 2r + ....+ nr
[r] + [2r] +....+ [nr] < (r + 2r +....+ nr) + n

2

n n 1
·r

2
n



2

[r] [2r] ...... [nr]

n

  


2

n n 1
r n

2
n






Now,

2n

n(n 1) · r r
lim

22 · n




and
2n

n(n 1) r
n

r2lim
2n






So, by Sandwich Theorem, we can conclude that

2n

[r] [2r] ...... [nr] r
lim

2n

  


Q.7 (1)

2

20

tan 1 sin
lim

sin 2 sin

  

 

2

20

tan sin
lim

sin 2 sin

  


 

2 2

2 20

tan sin 2 sin 1
lim

2sin sin 2 sin

     
    

     

1

2


 Option (1)

Q.8 (4)



   
     

    

3 3

3x 0

x x
x ... x ...

3! 3 1
lim

3x 6

So 6L + 1 = 2
So 6L + 1 = 2

Q.9 (3)
If ƒ(x + y) = ƒ(x).ƒ(y) & ƒ’(0) = 3 then
ƒ(x) = ax ƒ’(x) = ax.na
ƒ’(0) = na = 3 a = e3
ƒ(x) = (e3)x = e3x

 

  
     

 

3x

x 0 x 0

ƒ(x) 1 e 1
lim lim 3 1 3 3

x 3x

Q.10 (4)

Q.11 (3)

Q.12 [3]

Q.13 [3]

Q.14 [7]

Q.15 (4)

Q.16 (3)

Q.17 (1)

Q.18 (1)

Q.19 (4)
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JEE-ADVANCED

PREVIOUS YEAR'S
Q.1 (D)

x

)2b1(nx

0x
elim







= 1 + b2 = 2b sin2   sin2 =
2

1











b

1
b

We know b +
b

1
 2

 sin2 1 but sin2  1 sin2 =1 = ±
2



Q.2 (B)




















b–ax–

1x

1xx
im

2

x
 = 4

x
im



















1x

)b–1()b–a–1(x)a–1(x2

= 4

Limit is finite
It exists when 1 – a = 0  a = 1

then
























x

1
1

x

b–1
b–a–1

im
x


= 4

 1 – a – b = 4 b = – 4

Q.3 (B)
((1 + a)1/3 – 1)x2 + ((a+1)1/2 – 1)x + ((a+1)1/6 – 1) = 0
let a + 1 = t6

 (t2 – 1)x2 + (t3 – 1)x + (t – 1) = 0
(t + 1)x2 + (t2 + t + 1)x +1 = 0

As a  0 , t  1

2x2 + 3x + 1 = 0  x = – 1 and x = –
2

1

Q.4 [0]

1 x

1 x

x 1

ax sin(x 1) a 1
lim

x sin(x 1) 1 4







    
 

   


x 1
lim


x x
ax sin(x 1) a 1

x sin(x 1) 1 4


    

 
   

Hence
x 1
lim


1 x
ax sin(x 1) a 1

(x 1) sin(x 1) 4


    

 
   

put x = 1 + h,

1 1 h

h 0

ah sinh
lim

h sinh

 



  
 

 
=

1

4

or
a 1

2

 
=

1

2
or

1

2
  a = 0 or 2

But at a = 2,
sinhh

sinhah




tends to negative value

So correct Answer is a = 0
However a = 2 may be accepted if this is not
considered

Q.5 (A,B,C)

f(x) = 














 
xsin

2
sin

6
sin

Let
2


sin x =   







 

2
,

2
–

 f(x) = sin 










sin

6

Let
6


sin  =    







 

6
,

6
–

 f(x) = sin  








2

1
,

2

1
–

 (A)

Now fog(x) = sin 



























 
xsin

2
sin

2
sin

6

Clearly, range of fog is also 








2

1
,

2

1
–

 (B)

Now,
xsin

2

xsin
2

sin
6

sin

lim
0x 
















 



=
x

x

xsin

xsin
2

sin
6

xsin
2

sin
6

xsin
2

sin
6

sin
2

lim
0x










 










 
















 



= x

xsin
2

xsin
2

xsin
2

sin

6

2
lim

0x
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623

1 





 (C)
Now, gof(x) = 1

 














 
xsin

2
sin

2
sin

2 = 1

 sin 2

1

14.3

22
xsin

2
sin

6



















 

 (D)

Q.6 [2]

 m  2 and n  2

=

ncos(a ) 1 n 2n

n n 2 ma 0

e(e 1) cos(a ) 1 a
lim

(cos(a ) 1) (a ) a





  
     

=

ncos(a ) 1 n
2n m

n 2na 0 a 0 a 0

e 1) cos(a ) 1
e lim lim lim a

cos(a ) 1) a




  

    
         

= e × 1 ×
2n m

a 0

1
lim a

2



 

Now
a 0
lim


a2n–m must be equal to 1.

i.e. 2n – m = 0

m
2

n


Q.7 [7]

 2

0

sin
lim 1

sinx

x x

x x








3

0
lim 1

sinx

x

x x








2

0

3
lim 1

cosx

x

x








1 0 1     

0

6
lim 1

sinx

x

x




 6 1 

 6 7   

Q.8 (CD)

     
0

1 1 1 1
1 lim cos

h

h h
f

h h




  


 2

0

1 1 1
lim cos
h

h

h h

 


2

0

2 1
lim cos
h

h h

h h

 


 
0

1
lim 2 cos
h

h
h

  

  
0

lim 1
h

f 


does not exist

     
0

1 1 1 1
1 lim cos

h

h h
f

h h




  


 2

0

1 1 1
lim cos
h

h

h h

 


2

0

1
lim cos
h

h

h h


0

1
lim cos 0
h

h
h

 

Q.9 (B, D)
P-1 :

h 0

(h) (0)
lim

| h |

f f
= exist and finite

(B) f(x) = x2/3,

2/3 2/3

h 0 h 0

h (0) | h |
lim lim 0

| h | | h | 


 

(D) f(x) = |x|, h 0 h 0

| h | 0
lim lim | h | 0

| h | 


 

P-2 :

h 0

(h) (0)
lim

| h |

f f
= exist and finite

(A) f(x) = x|x|, 2h 0

(h) 0
lim

h

h
=

2

2x

2

2x

h
RHL lim 1

h
–h

LHL lim –1
h






 


  


(C) f(x) = sin x 2x

sinh– 0
lim DNE

h


Q.10 [1.00]

 n 1 x

x

a
x 0

1
e

elim
x
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 n 1 x
1

x

a
x 0

1 e 1
lim

e x

 
  

 








 

a
x 0

n 1 x
1

1 xlim
e x








 
 a 1x 0

n 1 x x1
lim

e x 

 




2 3

a 1
x 0

x x
x .... x

2 31
lim

e x 


 
     
 

Thus, a=1

Q.11 [8]

 x
2

4 2 2sin 2x cos x
lim

3x 5x 3x
2sin 2x sin cos cos 2 1 cos 2x

2 2 2






 
    
 

2

x 2
2

16 2 sin x cos x
lim

3x x
2sin 2x sin sin 2 2 cos x

2 2


  

  
 

2

x 2
2

16 2 sin x cos x
lim

x
4sin x cos x 2cos x sin 2 2 cos x

2


  

  
 

x
2

16 2 sin x
lim 8

x
8sin x sin 2 2

2
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Continuity and Derivability

Continuity and Derivability

ELEMENTRY
Q.1 (2)

f ( / 2) 3  . Since f(x) is continuous at x = / 2

x /2

k cos x k
lim f 3 k 6.

2x 2 2

   
            

Q.2 (1)

Here
x 0 x 0
lim f (x) k, lim f (x) k
   

   and f (0) k

But f(x) is continuous at x = 0, therefore k must be
zero.

Q.3 (3) 0)0(f 

1/h

x 0 h 0
lim f (x) lim e 0

  
  and

1/h

x 0 h 0
lim f (x) lim e
  

  

Hence function is discontinuous at x = 0

Q.4 (2)

x 1
f (x)

(x 3) (x 4)




  .

Hence the points are
3, – 4.

Q.5 (3)

2

x 0

1
lim f (x) x sin ,

x
 but

1
1 sin 1

x
   and x 0

Therefore,
x 0 x 0
lim f (x) 0 lim f (x) f (0)

  
  

Hence f(x) is continuous at x = 0.

Q.6 (4)

2

x 0
f (0 ) lim k(2x x ) 0

 
    ;

x 0
f (0 ) lim cos x 1

 
  

f (0) cos x 1  

Hence no value of k can make .1)0(f 

Q.7 (2)

x 1 x 1
lim f (x) lim x 1 2 k.
 

   

Q.8 (2)

x 0 x 0

2 sin 2x 2
lim f (x) lim k.

2x.5 5 
  

Q.9 (3)

x 1
lim f (x) 0
 

 and  
x 1
lim f x 1 1 2
 

 

Hence f(x) is discontinuous at x= 1.

Q.10 (2)

x a x a
lim f (x) 1, lim f (x) 1, f (a) 1.
   

   

Q.11 (1)

3)x(flim,3)x(flim
2x2x




and f(2) = 3

Q.12 (3)

Here 1
4

3
f 







 
and  

x 3 /4
lim f x 1
  



1
6

sin2h
4

3

9

2
sin2lim)x(flim

0h4/3x


















.

Hence )x(f is continuous at
3

x
4


 .

Q.13 (2)

2)0(f,0)x(flim,211)x(flim
0x0x




.

Q.14 (2)

.16)2(f,32)4x()2x(lim)x(flim 2

2x2x




Q.15 (2)

.
8

7

8

7

)3x()5x(

)5x()2x(
)x(flim

5x














Q.16 (4)
By definition of continuity, we know that

)x(flim)3(f)x(flim
3x3x 



 4)x(flim
3x




or 4h3lim
0h





Q.17 (1)

k)x(coslim x/1

0x




 klog)x(coslog
x

1
lim

0x




 klogxcosloglim
x

1
lim

0x0x




EXERCISES
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 1kklog0
x

1
lim e

0x



.

Q.18 (3)

f(x) is continuous at
2

x


 , then

)0(f)x(flim
2/x




or
x2

xsin1
lim

2/x 





, 








form

0

0

Applying L-Hospital’s rule,

2

xcos
lim

2/x 





 .0

2

xcos
lim

2/x




Q.19 (2)

6)3x(lim
3x

9x
lim)x(flim

3x

2

3x3x









and k6k)3(2)3(f 

f is continuous at x = 3;  6 + k = 6

 k = 0.

Q.20 (3)

L.H.L. k
x

kx1kx1
lim

0x







R.H.L.
2

x 0
lim (2x 3x 2) 2


    

Since it is continuous, L.H.L = R.H.L  k = –2.

Q.21 (1)














0x,k

0x,
x

xcos1
)x(f continuous at x = 0

)0(f)x(flim
0x




 k
x

2/xsin.2
lim

2

0x




 k
4

x
.

2

x

2/xsin2
lim

2

2

0x










 k = 0.

Q.22 (4)

Given

1

x

1

x

e 1
, x 0f (x)

e 1
0 ,x 0




  
 
 

 1
1e

1e

1e

1e
lim

x

1

x

1

0x














 



1 1

x x

1 1
x 0

x x

e 1 1 e 1 e
lim 1

1 e
e 1 1 e









  
  


 

So,
x 0
lim f (x)


exists at x = 0, but at it is not

continuous.
Q.23 (3)

2 2

2 2

2x 7 9x 7
f (x)

x (x 3) 1(x 3) (x 1)(x 3)

 


    

22x 7

(x 1)(x 1)(x 3)




  

Hence points of discontinuity are
x =1, x = –1 and x = –3 only.

Q.24 (1)

)x(flim)5(f
5x


10x7x

25x10x
lim

2

2

5x 






0
25

55

)5x)(2x(

)5x(
lim

2

5x













.

Q.25 (3)
For continuity at x = 0, we must have

)x(flim)0(f
0x



=  cot x

x
lim x 1




xcotx

x

1

0x
)x1(lim














































xtan

x
lim

x

1

0x

0x

)x1(lim ee1 

Q.26 (1)
It is obvious that |x| is continuous for all x.

Now, 1
h

0|h0|
lim)x(fR

0h







1
h

0|h0|
lim)x(fL

0h









Hence f(x) = |x| is not differentiable at x = 0.
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Q.27 (1)

0x,
x

1
sinx)x(f p  and 0x,0)x(f 

Since at x = 0, f(x) is a continuous function

 0)0(f)x(flim
0x




 0p0
x

1
sinxlim p

0x



.

is differentiable at , if exists


0x

0
x

1
sinx

lim

p

0x 




exists


x

1
sinxlim 1p

0x




exists

 p – 1 > 0 or p > 1

If 1p  , then 








 x

1
sinxlim 1p

0x
does not exist and at

x = 0 f(x) is not differentiable.

 for 1p0  f(x) is a continuous function at x =

0 but not differentiable.

Q.28 (4)

O x = 3

|x – 3|

0|3h3|lim)h3(flim)x(flim
0h0h3x


 

0|3h3|lim)h3(flim)x(flim
0h0h3x


 

)3(f)x(flim)x(flim
3x3x


 



Hence f is continuous at x = 3

Now
h

)3(f)h3(f
lim)3(fL

0h 






1
h

h
lim

h

0|3h3|
lim

0h0h












h

)3(f)h3(f
lim)3(fR

0h





1

h

0|3h3|
lim

0h







)3(fR)3(fL  . Hence f is not differentiable at x =

3.
Q.29 (2)

We have
h

)1(f)h1(f
lim)1('Rf

0h






 
3

h

01)h1(
lim

3

0h







h

)1(f)h1(f
lim)1('Lf

0h 






 
1

h

01)h1(
lim

0h









)1('Lf)1('Rf   )x(f is not differentiable at x

=1 .1x

Now,    
h 0

1 0 lim 1 h 0


   f f

and    
h 0

1 0 lim 1 h 0


   f f

     1 0 1 0 0    f f f is continuous at

Hence at is continuous and not differentiable.

Q.30 (3)

We have,











0x,e

0x,e
)x(f x

x

Clearly, f(x) is continuous and differentiable for all
non zero x.
Now

1elim)x(flim x

0x0x



, 1e)x(flim)x(flim x

0x0x

 

 

Also, 1e)0(f 0  . So, f(x) is continuous for all x.

(LHD at x = 0) 1)e(
dx

d

0x

x 











(RHD at x = 0)  xd
e 1

dx
 

    

So, f(x) is not differentiable at x = 0.

Hence |x|e)x(f  is everywhere continuous but not

differentiable at .

Q.31 (3)

3)h2(1lim
0h




,

3)h2(5lim
0h




, 3)2(f 

Hence, f is continuous at x = 2

Now 1
h

3)h2(5
lim)x(fR

0h







1
h

3)h2(1
lim)x(fL

0h









)x(fL)x(fR  ;

 f is not differentiable at x = 2
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Q.32 (3)










0x,x

0x,0
)x(f 2 ;

0)h0(flim)x(flim
0h0x


 

and 0)h0(lim)h0(flim)x(flim 2

0h0h0x


 


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

0x0x


 

Hence f(x) is continuous function at x = 0.

0
h

00
lim

h

0)h0(f
lim

0x

)0(f)x(f
lim)x(fL

0h0h0x

















 

0x

)0(f)x(f
lim)x(fR

0x 






0
h

0)h0(
lim

h

)0(f)h0(f
lim

2

0h0h










 )x(fR)x(fL 

Hence f(x) is differentiable at x =0

Now








0x,x2
0x,0

)x(f ;

0)h0(flim)x(flim
0h0x


 

and
0)h0(2lim)h0(flim)x(flim

0h0h0x


 


0)x(flim)x(flim

0x0x


 

Hence f(x) is continuous function at x = 0.
Now

0x

)0(f)x(f
lim)x(fL

0x 




 h

)0(f)h0(f
lim

0h 






0
h

00
lim

0h









0x

)0(f)x(f
lim)x(fR

0x 




 h

)0(f)h0(f
lim

0h






h

0)h0(2
lim

0h





2

h

h2
lim

0h





)x(fR)x(fL 

Hence )x(f  is not differentiable at x = 0.

Q.33 (4)











 x

1
sinx)x(flim 2

0x
, but 1

x

1
sin1 








 and x 

0

)0(f)x(flim0)x(flim
0x0x


 

Therefore f(x) is continuous at x = 0. Also, the

function
x

1
sinx)x(f 2 is differentiable because

0
h

0
h

1
sinh

lim)x(fR

2

0h







,

0
h

)h/1sin(h
lim)x(fL

2

0h








.

Q.34 (2)

By definition,
h

)1(f)h1(f
lim)1(f

0h






h

3

1

3h2

1

lim
h

3

1

5)h1(2

1

lim
0h0h





















 
































 )3h2(h3

h2
lim

)3h2(h3

3h23
lim

0h0h

9

2

)3(3

2

)3h2(3

2
lim

0h











.

Q.35 (4)

Since function || x is not differentiable at 0x 

|)2x)(1x(||2x3x| 2 

Hence is not differentiable atn x = 1 and 2

Now |)xcos(||2x3x|)1x()x(f 22  is not

differentiable at x = 2

For 2x1  ,

xcos)2x3x)(1x()x(f 22 

For 3x2  ,

xcos)2x3x)(1x()x(f 22 

xsin)2x3x(x2)3x2)(1x()x('Lf 22 

2sin3)2('Lf 

xsin)2x3x(x2)3x2)(1x()x('Rf 22 

2sin32sin0)34)(14()2('Rf 

Hence )2('Rf)2('Lf  .

Q.36 (3)










1x,1x2

1x0,x
)x(f
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Continuity and Derivability

1)h1(lim)h1(flim)x(flim
0h0h1x


 

11)h1(2lim)h1(flim)x(flim
0h0h1x


 

1)x(flim)x(flim
1x1x


 



 Function is continuous at x =1.

1
h

1)h1(
lim

h

)1(f)h1(f
lim)1('Lf

0h0h














2
h

11h22
lim

h

)1(f)h1(f
lim)1('Rf

0h0h












 )1('Rf)1('Lf 

 Function is not differentiation at x =1

Q.37 (3)

Since the function is defined for 0x  i.e. not defined

for x< 0. Hence the function neither continuous nor
differentiable at x = 0.

Q.38 (1)

;
h

)1(f)h1(f
lim)1('f

0h





As function is

differentiable so it is continous as it is given that

5
h

)h1(f
lim

0h





and hence f(1) = 0. Hence

5
h

)h1(f
lim)1('f

0h






.

Q.39 (2)

0
n

1
flim......

3

1
f

2

1
f)1(f

n































Since there are infinitely many points in )1,0(x 

where f(x) =0 and 0
n

1
flim

n











 f(0) = 0

And since there are infinitely many points in the
neighbourhood of x = 0 such that
 f(x) remains constant in the neighbourhood of x

= 0 0)0('f 

JEE-MAIN
OBJECTIVE QUESTIONS
Q.1 (1)

)0(f)x(flim
0x




a
x

xcos)xcos(sin
lim

20x






 a
2

xsinx
sin

2

xxsin
sin

x

2
2








 







 



2

xsinx

2

xsinx
sin

.

2

xxsin

2

xxsin
sin

.2lima
0x 








 










 




.








 







 

x

xsinx

x

xxsin

4

1

= 2.1 . 1.
4

1
(1 + 1) (1 – 1) = 0

Q.2 (2)

f(x) =


















1x0,
2x

1x2

0x1,
x

px1px1

since it is cont, so,

0x
lim

f(x) = f(0)

0h
lim
 h

)h(p1)h(p1




= –

2

1

0h
lim
  ph1ph1h

)ph1()ph1(




= –

2

1

2

p2
= –

2

1

p = –1/2

Q.3 (4)

f(x) = ]x[
x

1
x 








 , x  [–2, 2]

2x
lim

f(x) = 0h
lim


1h
2

5








 =

2

5

f(2) = 2
2

5
 = 5

so, discontinuous at x = 2
now defining function

f(x) = ]x[
2

1
x 








 =

























3x2;2

2x1;
2

3
1x0;0

0x1;
2

1
1x2;3

by defining the function we can say that this it is
discontinuous at x = 0
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Continuity and Derivability

Q.4 (3)

y =
2tt

1
2 

, t =
1x

1



y =
2

1x

1

)1x(

1

1

2







y = 2

2

)1x(2)1x(1

)1x(





y =
x42x2x

1x2x
2

2




=

2

2

x 2x 1

2x 5x 2

 

  

y =
2xx4x2

)1x(
2

2




=

)2x(1)2x(x2

)1x( 2





y =
)1x2)(2x(

)1x( 2





by  x  R –
1

2,
2

 
 

 
so disc. at 1/2 & 2 let we

also include x = 1 because at x = 1 ‘t’ is not defined.

Q.5 (2)

f(x) = t
lim

















1)xsin1(

1)xsin1(
t

t

0t
lim
 1)xsin1(

1)xsin1(
t

t














































2

n
x0

2
x

0xsin11
nx

0sinxsin
1xsin1
,......2,1,0n,nx

nx
0xsin

1xsin1

1

1

0

Now f(x) =



















0n
2

n
nx

...3,2,1n,nx

1

1
0

(i) f(0+) = –1 (ii) f(1+) = –1
f(0+) = –1 f(1–) = –1
f(0) = 0 f(1) = 0

Similarly for all integer the function will be discon-
tinuous

Q.6 (4)

0x
Lim


f(x) =
0x

Lim
 












1e

2

x

1
x2

=
0x

Lim


2x

2x

e 1 2x

x(e 1)

  
   

using L - hospital rule

=
0x

Lim


2x

2x

e 1 2x

x(e 1)

  
   

= 1

Q.7 (4)
f(x) = |x –1| + |x – 2| + cos x
All three functions are cont. in [0, 4]
so sum of all these functions is also
a cont. funs.

Q.8 (2)




















 h

4
sin2)x(f

2

1
 O

2

1

  
(2) (1) (2)

1

–1
– 2

2

Total solutions = 5

Q.9 (4)

f(1+) = 1x
Lim x2 








2x

1
= 0

f(1–) = _1x
Lim


x2 







2x

1
= 1

Discont. at x = 1
similarly for x = –1

f(x) = x2 



















22 x

1

x

1
= 1 – x2









2x

1

f(0+) = Ox
Lim 1 – x2









2x

1
= 1
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Continuity and Derivability

f(0–1) = 1 But f(0) = 0
So discontinuous at x = 0
at x = 2, RHL = LHL = f(2) = 0
continuous at x = 2

Q.10 (4)

f(x) =
|2x|

|3x|




+

]x[1

1



x  2 1 + [x] = 0
[x]  –1, x  [1, 0)
And [x] will be disoint. at every integer
So x  R – {(–1, 0)  n, n  I}

Q.11 (2)
f(x) should be a constant function.

Q.12 (1)

RHL =
x 0
Lim

 x

x1x1 
= 1(Rationlize)

LHL =
2

1
f(g(x))

=
x 0
Lim

 2

1

x2cos

|xsin2||xcos2| 

=
x 0
Lim

 xsinxcos

1


= 1

cont. at x = 0
Q.13 (3)

f 1 0 1 1
4 4

     
           

   

1f f tan tan
4 4 44





        
       

     

So jump = 1
4




Q.14 (3)
f(x) = sgn (x), g(x) = x(x2 – 5x + 6)
f(g(x)) = sgn (x(x2 – 5x + 6)) = sgn (x(x – 2) (x
– 3)

g(g(x)) =

1 ; 2x (x ) (x 3) 0
x (0,2) (3, )

x(x 2)(x 3) 00 ;
2,3x 0,

1 ; x(x 2)(x 3) 0
x ( ,0) (2, 3)

   
  

  


       

2 30

1

–1

so, f(g(x)) is disc. at exactly points 0, 2 & 3

Q.15 (2)
g(x) = x – [x] f(0) = f(1)
h(x) = f(g(x))
Let x = a  I

h(a+) = x a
lim

 f({x}) = f(0)

h(a–) = x a
lim

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

h(a+) = h(a–) hence h(x) is continuous

Q.16 (4)

RHL =
0h

Lim


sin [nh] = [–1, 1]

LHL =
0h

Lim


sin [n h] = [–1, 1]

So DNE

Q.17 (3)
f(x) = Sgn (4 – 2 sin2 x – 2 sinx)
= Sgn [(sinx + 2) (2 – 2sinx)]

f(x) = 0 when x >
2



= 1 x <
2



= –1 sinx >1 not possible
SO isolated point dicontinuity

Q.18 (1)
g(x) = tan–1 |x| – cot–1 |x|

f(x) =
]1x[

]x[


{x}

h(x) = |g(f(x))|

0x

)xlim(
|gf(0–)| =

2

n

x 0

lim(x)


= |gf(0+)| =
2

n

h is continuous at x = 0

Q.19 (2)

x
lim

nn

nn

xsinx

xsinx





if 0 < x < 1
then xn  0 when n  
f(x) = –1
if x > 1

x
lim

n n

n n

x sin x

x sin x




=

n n n

n n

x sin x 2 sin x

x sin x

 



= 1 – nn

n

xsinx

xsin2
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Continuity and Derivability

Limit if x > 1

n
lim = 1

so has a finite discontinuity at x = 1

Q.20 (1)

RHL = Ox
Lim

)x(sinSgn)1e(

}]}x{x{[e|}]x[{|
2

2

x/1

x





fraction part of greatest integer in always zero.
So RHL = LHL = 0
So coint. at x = 0

Q.21 (4)

RHL =
x 0
Lim

 x)1x2e(

)1x2e)(11x2eln(
2

22

x

xx





= 2

LHL =
x 0
Lim

 )1x(n

2n]x[x 2




= n2

Non-Removable disont at x = 0

Q.22 (4)

0x
Lim


2

4253

x

....
!4

x

!2

x
1x....

!5

x

!3

x
x































= 0
f(x) is cont at x = 0

Q.23 (2)

f(x) = x  1xx 

f(0+) = 0h
lim


 
h

1hhh 

= 0h
lim
 1hh

1hh




= –1

Q.24 (2)

f(x) =















0x,0

0x,
e2

)4e3(
x

x/1

x/1

f ’(0+) = 0h
lim
 h

0
e2

)4e3(
h

h/1

h/1






= 0h
lim


h

1
12

4
h

1
13













= 0h
lim
 1h

3h7




= 3

f ’(0–) = 0h
lim
 h

0
e2

)4e3(
h

h/1

h/1













= 0h
lim






















h

1
12

4
h

1
13

=
1h

3h7




= –3

so, not diff. at x = 0

Q.25 (2)

f(x) =
x1x

x


=

x1x

)x1x(x





f(x) = x  x1x 

Now, RHD

f(0+) = 0h
lim
 =

h

)0(f)h0(f 

= 0h
lim
 h

0)h1h(h 

= 1
since ve– values are not in domain of f(x) hence dif-
ferentiability calculated by RHD Since RHD is finit
hence f(x) is differentiable

Q.26 (2)
LHL

x 0
lim


f(x) = h 0

lim
 f(–n) = h 0

lim
 sin–1 [cos h] =

2



RHL

x 0
lim


f(x) = h 0

lim
 f(h) = h 0

lim
 sin–1[cos h] =

2



LHL = RHL
hence function is cont.

Q.27 (4)

f(x) =












2x0)x1x4(min

0x2)x1,x4(max

22

22

y = 4 – x2 , y = 1 + x2
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Continuity and Derivability

(–2,0) 0 (2,0) 0(–2,0) (2,0)

Q.28 (3)
f(x) =x – x2

g(x) = max f(t) , 0 t x, 0 x 1
sin x , x 1

   
 

max f(t) will be obtained when t = x. so
max (f(t)) = x – x2

so f ’(1+) = 0h
lim
 h

0)h1(sin 

= 0h
lim
 –

h

hsin




 = –



f ’(1–) = 0h
lim
 h

0)h1()h1( 22





L.H.D.  R.H.D. but both are finite so function is
continuous, but not differentiable

Q.29 (4)

f (0) = 1)1sin(.010)x(flim
0x




f (0+) = 00sin.000)x(flim
0x




= f(0)

f(x) is not continuous at x = 0
at x = 2,
f(2+) = 2 + 2 + 2 sin 2 = 4 + 2 sin 2
f(2–) = 2 + 1 + 2 sin 1 = 3 + 2 sin 1
f(x) is not continuous at x = 2

Q.30 (2)

f(x) =









































0x

0x

0x

,

,

,

0
x

1
sin1x

x

1
sin1x

f ’(0+) =
h

)0(f)h0(f 
 0h

lim
 d

= 0h
lim


h

h

1
sin1 










= not defined  not differ-

entiable

f (0+) = 0h
lim












h

1
sin1h

= 0h
lim












h

1
sin1

h

h

= 0h
lim
 )h/1(

h

1
sin1

h

1



















= 0h
lim
 h

1










h

1
sinhh

= 0

f(0–) = 0h
lim
 – 










h

1
sin1h

= 0

Q.31 (3)
f(x) = max {x2, (x – 1)2, 2x(1 – x)}

0

1x0 

y=2x(1–x)

y=(x–1)2

y=x
2

so, (3)

Q.32 (3)
f(x) = x3 – x2 + x + 1

g(x) =








2x1;3xx

1x0forxt0;))t(f(max
2

max {f(t)} will be obtained when ‘t’ would be max.
so, t = x.
so, max {f(t)} = x3 – x2 + x + 1

f’(1+)= 0h
lim
 h

)1(f)h1(f 
= 0h

lim
 h

23)h1()h1( 2 

= not defined
so not derivable
Now check cont by,

f(1+) = 0h
lim
 f(1 + h)

= 0h
lim
 (1 + h)2 – (1 + h) + 3

= 3
& f(1) = 2
f(1+)  f(1)
so f(x) is not continuous

Q.33 (2)
differentiability at x = 0
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Continuity and Derivability

 

    

   
2

5
h h

h
h

a 1/h

h 0

a
log a h h 0

3 a

f ' 0 lim
h


   
  
 





 
 
 
   
 
 
 
 

=    

2h
5

1

2h 5a 1/h

1/hh 0 R 0

a

h log a
a3 alim lim 0

h 3 a




 

 

 
 
 
 

  


 

    
 

   
2

h h

hh

a 1/h

h 0

a 5
log a h h 0

3a

f ' 0 lim
h

 
 
 
  

 
  





 
 
 
 

   
 
 
  
 

   

 

2h 5

1/hh 0

h a
lim 0

h 3 a

 



 
 

 

So continious & differentiable.

Q.34 (2)
f’(2–) = f’(2+) = 2

& f’(3+) = f’(3–) =
21

4

Q.35 (3)

(0,1)

y=|x|+1

y=x+1

Q.36 (1)

Q.37 (2)

(0,10)

(5,10)

(0,5)

(b–a, 6)
(–5, 10)

(a –6, 6)

(–5, 0) (5, 0)

0 < a < b

a = 5

b = 10

f(x) = max (5 – x, 5 + x, 10)

a - x = b
a + x = b
f(x) is not diff at x = a - b & x = b - a

Q.38 (4)
f’(O+) = p + q ....(1)
f’(O–) = –p + q ....(2)
f’(O+) = f’ (O–)  p + q = 0, r  R

Q.39 (1)
g(x) = [x] + 1
h(x) = g(sinx) = [sinx] + 1

[sinx ] is discont at x =
2



 [sinx] + 1 is also a discont at x =
2



Q.40 (2)
f(x) = [tan2 x]

RHL = Ox
Lim [tan2 x] = 0

LHL = Ox
Lim [tan2 x] = 0 : f(x) = 0

So cont. at x = 0

Q.41 (3)

f(x) = [x]2 + 2])x[x( 

DIscont. at every integer because [x] is discont. at
every integer.
But f(x) is cont. at x =1
So option (3) is correct.

Q.42 (2)

f’(0+) =
0h

Lim


f(0 h) f(0)

h

 
=   0

f’(0–) =
0h

Lim


f(0 h) f(0)

h

 


= –   0

Non. diff. But cont. at x = 0

Q.43 (3)

RHD =
0h

Lim


h

1
sinh

h


=
0h

lim
 2h

sinhh 
= 0

LHD =
Oh

Lim


h

1
sinh

h




=
0h

Lim
 2h

sinhh 


Non. diff. at x = 0
RHL = 1 Discont.
LHL = –1

Q.44 (1)
LHD (x = 1) = RHD (x = 1)
1 = 2a + b ....(1)
LHL (x = 1) RHL (x = 1)
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Continuity and Derivability

1 = a + b + c ....(2)
b = 1-2a, c = a

Q.45 (4)
RHD (at x = 0) = 0; LHD = 1
RHD (at x = 1) = 2; LHD = 2
RHL (at x = 0) = 0 = LHL
RHL (at x = 1) = LHL (x = 1)
Diff. and cot. at x = 1
Non diff. x = 0 but cont. at x = 0

Q.46 (2)
If f is differentiable everywhere.
then |f| will also be diff. everywhere.
and if two fns. are diff. then sum of then will also
be diff. everywhere

Q.47 (4)
f(x + y) = f(x) . f(y), f(3) = 3
f ’(0) = 11, f(3) = ?

f(x) = 0h
lim
 h

)x(f)hx(f 

= 0h
lim


.f(x) f(h) f(x)

h



= f(x) . 0h
lim
 )h(

1)h(f 

f ’(3) = f(3) 0h
lim
 h

)0(f)h0(f 

f ’(3) = f(3) . f ’(0)
f ’(3) = 3 × 11 = 33
[ f(0) = f(0) . f(0)  f(0) = 1]

Q.48 (4)
f(x + 2y) = f(x) + f(2y) + 2xy

f(x) = 0h
lim
 h

)x(f)hx(f 

f(x) = 0h
lim


f(x) f(h) f(x) 2xy

h

  

f(x) = 0h
lim
 h

)0()h0(f 
+ 2x

f(x) = f ’(0) + 2
Q.49 (3)

Put y = 0  f 








3

x
=

3

)x(f
 f(3x) = 3f(x)

f’(x) =
0h

Lim
 h

)x(f)hx(f 

=
0h

Lim


h

)x(f
3

)h3(f)x3(f




=
0h

Lim


h

)x(f
3

)x(f3)x(f8




= 0h
Lim
 h

)0(f)h(f 
= f’(0)

f’(x) = 3  f(x) = 3x + c  f(x) = 3x

Q.50 (3)

f’(x) = 0h
Lim
 h

)x(f)hx(f 

= 0h
Lim
 h

)x(fxh)h(f)x(f 

= 0h
Lim
 h

)h(f
+ x

f’(x) = x + 3

f(x) =
2

x2

+ 3x + c f(0) = 0

f(x) =
2

x2

+ 3x  c = 0

Q.51 (4)

Put x = 0, y =0  f(0) =
7

4

Now put y = 0

f 








3

x
=

3

)]0(f)x(f[24 

 3f(x) = 4 – 2 [f(3x) + 6(0)]

f’(x) =
0h

Lim
 h

)x(f)hx(f 

Now proceed as in question (28)

f(x) =
7

4

Q.52 (2)

f’(x) =
0h

Lim


f(x h) f(x)

h

 

=
0h

Lim
 h

)x(f)h(f).x(f 
= f(x)

0h
Lim
 h

)0(f)h(f 

f’(x) = f(x) . f’ (0)
f’(x) = 2f(x)
ln f(x) = 2x + C : C = 0
f(x) = e2x

Q.53 (4)
f(x + y) = f(x).f(y)
differentiate w.r.t. x
f(x + y) = f(x) . f(y)
put x = 0, y = 5
f(5) = f(0) . f(5)

= 3 . 2
 f(5) = 6
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Continuity and Derivability

Q.54 (2)
2 tan x + 5x – 2 = 0

tan x = –
2

x5
+ 1

4/

Q.55 (3)
By using L’ Hospital rule

=
0x

Lim


2f '(x) f '(2x) 4f '(4x)

2x

 

Again

=
0x

Lim
 2

)x4("f16)x2("f12)x(''f2 
= 12

JEE-ADVANCED
OBJECTIVE QUESTIONS
Q.1 (C)

f 






 

2
=

]h41[n

(cosh)n

h4

cosh1
lim

220h 



 



=
)h41(n

h4
.

2/h

2/hsin

1616

2
lim

2

2

2

2

0h 













 
.

2/hsin2

)2/hsin21(n
2

2
.

2/h

2/hsin2
2

2

=
64

1
. 1. 1.(–1) .1 =

64

1


Q.2 (C)
By using rationlization

f(0) =
0x

Lim


2 2 2 2(a ax x ) (a ax x )

(a x) (a x)

    

  

×
)xaxaxaxa(

)xaxa(

2222 



= –
x2

ax2














a2

a2

f(0) = – a

Q.3 (A)
g(x) = x – [x] = {x}  [0, 1)
g(x) is discontinuous only at x  I
Now h(x) = fog(x)

h(x) is continuous  x  R – I
Let x  I, consider x = n

h(n) = f [g(n)] = f(0)




)x(hlim
nx

})x({flim
nx 

= f(1) = f(0)

)x(hlim
nx 

= nx
lim f({x}) = f(0)

 h(x) is continuous  x  I

 h(x) is continuous  x  R

Q.4 (D)
Q.5 (C)
Q.6 (C)

RHL = )x(fLim

2
x




=
0h

Lim


h

h
2

cossin




















= 0h
Lim
 h

}bsinsin{

= 0h
Lim
 h

sinh)1sin( 


DNE

Q.7 (B)

Q.8 (C)

RHL =
0h

Lim
 h

1ah 
= na

LHL =
0h

Lim
 h1

1a h1





= 1 –
a

1

f(x) = na  Discont. at x = 0

Q.9 (C)
x = tan
f(x) = sin–1 (cosec 2)
sin–1 is defined for [–1, 1] only
So cosec 2 = 1 & –1 only
Hence neither continious Nor differentiable at x
= 1

Q.10 (A)

1exlim)x(flim )1x(22

1x1x
 

 

f(1) = 1

1x1x
lim)x(flim



 a sgn (x +1) cos2(x–1) + bx2

= a.1.1+ b
for continuity a + b = 1

LHD (x = 1) is
h

1e)h1(
lim

h22

0h

 



= 











 





 h

1e
hee2lim

h2
h2h2

0h

= 2 + 0 + 2 = 4
RHD (x = 1)

is
h

1)h1(bh2cos)h2sgn(a
lim

2

0h







79

Continuity and Derivability

=
h

)ba(bh2bhbh2cosa
lim

2

0h





=

b2bh
h

1h2cos
alim

0h








 


= 2b

f(x) is differentiable at x = 1 if 2b = 4
 b = 2 a = –1

Q.11 (B)
f(x) = [x] [sin x], x  (–1, 1)

=








)1,0[x,

)0,1(x,

0

1

f(x) is continuous in (–1, 0)

Q.12 (D)

g 








2

1
= f (1) = 0

f 











 

2

1
= f[1+] = f(1) = 0

g 











 

2

1
= f[0] = f(0) = 1

Discont. at x =
2

1

Q.13 (C)

yx

|)y(f)x(f|




 (x – y)

yx
Lim
 yx

|)y(f)x(f|




 yx

Lim
 (x – y)

f’(x) = 0
 f(x) = C
 f(0) = 0
 C = 0 f(1) = 0

Q.14 (D)

–1 O 1 2 3 4

2

Discont at x = 1, 2, 3
Non. diff. at x = 1, 2, 3

Q.15 (D)
[n + p sin x] =n [p sin x]

 [p sin x] is non. diff. where p sin x is as integer but
P is prime and 0 < sin x  1 [0 < x < ]
 p sin x is an integer only when

sin x =
p

r
; where 0 < r  p and r  N

For r = p ; sin x = 1  x =
2


in (0, )

For 0 < r < p ; sin x =
p

r

x = sin–1 








p

r
or  – sin–1 









p

r

Number of such values of x = P – 1 + P – 1 = 2P
– 2
Total No. of points = 2P – 2 + 1 = 2P – 1

Q.16 (D)

f(x) = [sin[x]] =































2x61]6[sin

6x51]5[sin

5x41]4[sin

4x30]3[sin

3x20]2[sin

2x10]1[sin

1x00]0[sin

f(x) is discontinuous at (4, –1)

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

Q.2 (A, B, C)

f(x) = [x] and g(x) =








Rx,x

x,0
2

1xlim)x(glim 2

1x1x



, but g(1) = 0

]x[lim)x(flim
1x1x 

 does not exist since LHL = 0 and

RHL = 1
gof(x) = g([x]) = 0

 gof(x) is continous for all values of x

fog =








Rx

x
,

,

]x[

0
2

fog(1) = 0 , 0)x(foglim
–1x




, 1)x(foglim
1x




fog is not continous at x = 1
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Q.3 (A, B, C)

1x
Lim

|x – 3| = 2

1x
Lim















4

x2

– 








2

x3
+

4

13
= 2

function is cont. at x = 1
function is also diff. at x = 1 and will be cont. at
x = 3

Q.4 (A, B, C)

f(x) = [x] + ]x[x 

f(x) = [x] + }x{  x – {x} + |{x}|  always

positive
f(x) = x
f(x) is continuous on R, R+, R – I

Q.5 (B, D)

f(x) = n
Lim
 (sin x)2n

f(x) =
1 ; x / 2
0 ; x / 2

; x / 2

 
 

  


























 














 





0
2

f

2
f

function is not cont. at x =
2



function is discont at x =
2


& infinit number of

points.

Q.6 (A, B, D)

f(x) =
]x[sin

1

D
f

: [sin x]  0
2

 20

1

–1



[sin x]

x  (2n + ,2n + 2) 






 


2

n2

cont. when x  (2n + , 2n + 2)
f(x) has the period of 2

Q.7 (B, C, D)
(A) f(x) is continuous no where
(B) g(x) is continuous at x = 1/2
(C) h(x) is continuous at x = 0
(D) k(x) is continuous at x = 0

Q.8 (A, B, C)

Q.9 (B, D)

f(x) =







































 
 

0xfor)e(cos}x{

0x
x

3x2
cot3

x/12

2

3
1

RHL 0x
Lim

3 –










 
2

2
1

x

3x2
cot = 3 – 3 = 0

cot–1 (– )  [] = 3

LHL x 0
Lim

 {x2} cos e1/x

x = 0 – h

2 1/h

h 0 |

0 1

Lim {h } cos e 0


 







Q.10 (B, C)

f 







n4

1
= (sin en)

2ne + 2

2

n1

n



put n = 
f(0) = [{a finite quantity b/w (–1, 1)} × 0] + 1 =
1

Q.11 (C, D)

f(x) =
2

x
– 1 on [0, ]

f(x) =
2

2x 
:

)x(f

1
=

2x

2


, 0 

2

x


2



f–1(x) = 2(1 + x) is continuous –1 
2

x
–1 <

2


–

1  0.5

tan f(x) = tan 






 

2

2x

0.5

– –12/ 2/is cont.

)x(f

1
will discont at x = 2

Q.12 (A, B, C)

Q.13 (A, B, C)

Q.14 (B, D)

0x

0x

0

x/1cos)x(sin
)x(fy

21
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f(x) can be discontinuous only at x = 0 in [–1,1]
So we check only at x = 0

LHD (x = 0) =
h

0
n

1
cos)h(sin

lim

21

0h 

































 




 n

1
cosh.

n

hsin
lim

2
1

0h
= –1. 0. [finite

quantity between [–1,1]] = 0

RHD (x = 0) is
 

0
n

1
cos.

n

hsin
hlim

2

21

0h












Hence f(x) is differentiable as well as continuous
in [–1,1]

Q.15 (A, C)

f(x) = 


n

0k

k
k |x|a

f(x) = a
0
|x|0 + a

1
|x| + a

2
|x|2 +.......+ a

n
|x|n = f(|x|)

f(x) is cont. at x = 0  all is
2k + 1 means all odd a

i
’s

f(x) = a
0

+ a
2
x2 +a

4
x4 +.........

f(x) will be diff. at x = 0

Q.16 (A, B, D)
f(0) = 0
f(0+) = [0+] = 0
f(0–) = [0+] = 0
f(0–) = [0+] = 0
So f(x) is cont. at x = 0
f(1) =0
f(1+) = –1 So discont. at x = 1
 Non. diff. at x = 1

Q.17 (A, B, D)

f(x) = 2x11 

D
f

: 1 – x2  0  –1  x  1
RHL (at x = 0) = 0
LHL (at x = 0) = 0 cont. at x = 0

RHD = 0h
Lim
 h

)0(f)h0(f 

= 0h
Lim
 h

0h11 2 

= 0h
Lim
 h

1
2

2
2

h11

h11
h11






= 0h
Lim
 h

1
2

2

h11

h11




=

2

1

LHD = –
2

1

Q.18 (A, C)

f(x) = n
Lim


n

n

1 x

1 x




=

1 ; x 1
; x 1

0 ; x 1


 



f(1+) = 
f(1–) = 1
f(x) is a constant in 0 < x < 1
f ’(0+)  f ’(0–) not diff. at x = 1

Q.19 (A,C)
f(x) = |[x]x| –1  x  2

f(x) =













2x4
2x1x
1x00

0x1x

2xat.diffNot
0xat.cont

00Lim:00Lim
0x0x





 

–1 0 1 2

4

Q.20 (A, B)

f(x) = 1 + x . [cos x] 0 < x 
2



f 






 

2
= 1 = f 












  

2

function is cont. is 






 

2
,0

f ’ 











  

2 = 0h
Lim
 h

1)]h[cos(h1




= 1

diff. at x =
2



Q.21 (B, D)

f(x) = (sin–1 x)2 . cos 








x

1
if x  0

= 0 if x = 0

LHL = RHL = 0x
Lim
 (sin–1 x)2 cos 









x

1

= 0 × [a finite quantity b/w (–1, 1)]
= 0
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f ’(0+) = 0h
Lim


h

h

1
cos)h(sin 21










= 0h
Lim
 












 

h

hsin 1

(sin–1 h) cos(1/h)

= 1 × (0) × (a finite quantity)
= 0

f ’(0–) = 0

Q.22 (B, D)

2



2


 0

y = |x|

2



2




y = |sin x|

Not diff. at x = 0

Q.23 (A, B, C)
f(x) = 3(2x + 3)2/3 + 2x + 3

f 






 

2

3
= 0 – 3 + 3 = 0

cont. every where
f ’(x) = – 2 (2x + 3)–1/3 + 2

= – 3/1)3x2(

2


+ 2

at x = –
2

3
; f ’(x) is not defined

Q.24 (B, D)
f(x) = 2 + |sin–1 x|

–1–1 +1

1 function is continuous everywhere in its domain
1 but f(x) is not diff. at x = 0

Q.25 (A, B, D)

f(x) = x2 sin 








x

1
, x  0

= 0 , x = 0
cont. at x = 0
f(0+) = f(0–) = f(0) = 0

f ’(0+) = 0h
Lim
 h

h/1sinh2

= 0h
Lim
 h sin

h

1
= 0

f ’(0–) = 0
Diff. at x = 0

Q.26 (A, B, D)
sin–1 x + |y| = 2y
sin–1 x = 2y – y
y = sin–1 x
y is defined for –1  x  1

Q.27 (A, B, D)

(A)

(B)

(C) h(x) = x2 x  0 = – x2 x < 0

(D) (0,1)

Comprehension # 1
Q.28 (C)

Q.29 (C)

Q.30 (C)
(28 to 30)

g(t) =
0x

lim


(1 + a tan x)t/x

g(t) =
xtana

x

t
lim

0xe 
=

x

xtan
talim

0xe 

g(t) = eta = eta

g(x) = eax

 a = 2, g(x) = e2x

g(2) = e4

f(x) =








0x,xaxx

0x,ex
32

ax

0x
lim f(x) =

0x
lim x + ax2 – x3 = 0

0x
lim f(x) =

0x
lim x eax = 0

f(0) = 0
a  (0, )

f(0+) =
0h

lim
h

)0(f)h0(f 

=
0h

lim
h

hahh 32 
= 1
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f(0–) = 0h
lim

h–

)o(f)h–o(f 
= 0h

lim
h

he ah–

= 1

Comprehension # 2
Q.31 (B)
Q.32 (C)
Q.33 (B)

(31 to 33)
Given function f(x) can be rewritten as, f(x) =





















1x,0

1x0,x1

0x1,x1

1x,0

 f(x – 1) =





















11x,0

11x0,)1x(1

01x1,)1x(1

11x,0

or f(x

– 1) =





















2x,0

2x1,x2

1x0,x

0x,0

also, f(x + 1) =





















11x,0

11x0,)1x(1

01x1,)1x(1

11x,0

or f(x

+ 1) =





















0x,0

0x1,x

1x2,x2

2x,0

Now, g(x) = f(x – 1) + f(x + 1) =




























2x,0

2x1,x2

1x0,x

0x1,x

1x2,x2

2x,0

It is easy to check that g(x) is continuous for all x
 R and non-differentiable at x = – 2, –1, 0, 1, 2.

Q.34 (A)  (p, r, s), (B)  (p, r, s), (C)  (q, r, s), (D)
 (r, s)
Consider the graph of 2 cos x in (–, ). 2 cos x
is integer at 9 points.

[2 cos x] is discontinuous at 7 points in (–, )
Similarly from graph of 2sinx, we can observe that
[2 sin x] is discontinuous at 7 points
(continuous at –/2, )
[2 tan x/2] is discontinuous at 4 points (continuous
at –/2)
[3 cosec x/3] is discontinuous at 4 points (continu-
ous at /2)
y = [2 cos x]
y = [2 sin x]

y = [2 tan x/2]
y = [3 cosec x/3]
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Q.35 (A)–S ; (B)–P,T ; (C)–P,R ; (D)–R,S
(A) Total function = 34 = 81

onto function =
!2!2

3!4 
= 36

Into function = 81 – 36 = 45
So difference = 45 – 36 = 9

(B)
2x

lim


f(x) = –1 f’(x) < 0 always

So function is decreasing

So
x 2
lim



f(x)

x

 
 
 

= 1 &
x 2
lim



f(x)

x

 
 
 

= 0

(C) Function will be non differentiable at
x = 1 & x = 3

(D)
0x

lim
 x2

)x(f3

=

x
tan (1 sec x)(1 sec 2x)(1 sec 4x) (1 sec 8x)

2

2x

   

= 8 2k = 8 k = 3

Q.36 (A)  (p, q, r), (B)  (p, r, s), (C)  (p, r, s), (D)
 (p, r, s)
(A) f(x) = |x3| is continuous and differentiable

(B) f(x) = |x| is continuous

f (x) =
|x|2

1
.

|x|

x

{does not exist at x = 0}
(C) f(x) = |sin–1 x| is continuous

f (x) =
|xsin|

xsin
1

1





.
2x1

1



{does not exist at x = 0}
(D) f(x) = cos–1 |x| is continuous

f (x) =
2x1

1




.

|x|

x

{does not exist at x = 0}

NUMERICAL VALUE BASED

Q.1 [4]

f(x) =




























2x,6

2x4/5,5x4

4/5x1,x45

1x2/1,1

2/1x0,0

0x,1

f(x) is discontinous at x = 0, 1/2, 1, 2 in [0, 2]

Q.2 [26]
y = f(x)

y = f(|x|)

Q.3 [36]

f 






 

2
=

]h41[n

(cosh)n

h4

cosh1
lim

220h 



 



=
)h41(n

h4
.

2/h

2/hsin

1616

2
lim

2

2

2

2

0h 













 
.
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2/hsin2

)2/hsin21(n
2

2
.

2/h

2/hsin2
2

2

=
64

1
. 1. 1.(–1) .1 =

64

1


  = 64 = 26, 43, 82, 641

Q.4 [16]
we have

–0x
lim


f(x) = 0h
lim (sin(–h) + cos(–h))cosec(-h)

= 0h
lim (cosh – sinh)–cosech

= 0h
lim sinh)(

)1sinh(cosh
.

)1sinh(cosh

1

)1sinh(cosh1( 





= 0h
lim cosh sinh 1

sinhe
 

 = e

Now we have 0x
lim f(x) = 0h

lim

1
2 /h 3 /hh

2 1/h 1 3 /h

e e e

ae be   

 



= 0h
lim

2 1

h h

2 2/ h 1

e e 1

(ae )e (be )




  

 


=

e

b

If ‘f’ is continuous at x = 0 , then

e = a =
e

b
gives a = e and b = 1

Q.5 [7]
y = |sinx|

y = sin|x|

y = f(x) = |sinx| + sin|x|

f(x) is continous every where
f(x) is not differentiable at x = n
f(x) is not periodic

Q.6 [4]

Differentiability at x = 1

f(1–) =
0h

Lim


h

)ba(b)h1(a
8)h1(3)h1(

])h1sin[( 3
2

2








=
0h

Lim
 h

a)h1(a 3












form

0

0
=

0h
Lim


1

)h1(a3 2

f(1–) = 3a

f(1+) =
0h

Lim
 h

ba)h1(tan)h1cos(2 1  

=
0h

Lim
 h

)ba)h1(tanhcos2( 1  

Function is differentiable

 – 2 +
4


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

=
0h

Lim
 h

2/2)h1(tanhcos2 1  

=
0h

Lim


2 sin h + 2)h1(1

1


=

2

1

Now f(1–) = f(1+)

3a =
2

1

a =
6

1
....(2)

by (1) and (2) b =
4


–

6

13

Q.7 [7]

1exlim)x(flim )1x(22

1x1x
 

 

f(1) = 1

1x1x
lim)x(flim



 a sgn (x +1) cos2(x–1) + bx2

= a.1.1+ b
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for continuity a + b = 1

LHD (x = 1) is
h

1e)h1(
lim

h22

0h

 


=













 





 h

1e
hee2lim

h2
h2h2

0h

= 2 + 0 + 2 = 4

RHD (x = 1)

is
h

1)h1(bh2cos)h2sgn(a
lim

2

0h





=
h

)ba(bh2bhbh2cosa
lim

2

0h





= b2bh
h

1h2cos
alim

0h








 


= 2b

f(x) is differentiable at x = 1 if 2b = 4

 b = 2 a = –1

Q.8 [0]
As 0 < {ex} < 1

 1–
1}e{

1–}e{
lim

nx

nx

n




 f(x) = – 1  x  R
Q.9 [3]

f(x) = [x sin x]
graph of f(x) is as shown in the figure

Q.10 [12]

Given f(0) = 4

0x
lim
 2x

)x4(f)x2(f3)x(f2 









0

0

form
using L Hospital rule

0x
lim
 x2

)x4(f4)x2(f6)x(f2 









0

0

form
using L Hospital rule

0x
lim
 2

)x4(f16)x2(f12)x(f2 

=
2

4.164.124.2 
= 12

Q.11 [11]

f(10 – x) = f(x) = f(4 – x)  f(10 – x) = f(4 – x)

Let 4 – x = t  f(6 + t) = t

 f(x) is periodic with period 6.

 f(x) = 101 at x = 0,6,12, 18, 24, 30

Since f(2 + x) = f(2 – x)

 f(x) is symmetric about x = 2

 f(0) = f(4)

 using periodic nature

f(x) = 101 at x = 4, 10, 16, 22, 28

 f(5 + x ) = f(5 – x)

x is symmetric about x = 5

f(0) = f(10)  x = 4, 10, 16, 22

f(6) = f(4)  x = 0, 6, 12, 18,

Total different values of x are 0,4, 6, 10, 12, 16, 18,

22, 24, 28, 30

Q.12 [10] 



n

1k

)ka(f = 2048 (2n – 1)

or f(a + 1) + f(a + 2) + ......... + f(a + n) =
2048 (2n – 1)

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

f(0) = 1, f(1) = 2
or f(x) = 2x

Now f(a + 1) + f(a + 2) + ........ + f(a + n)
= 2a [2 + 4 + ......... + 2n] = 2a . 2(2n – 1)

or 2048 = 2a + 1 or a = 10

KVPY

PREVIOUS YEAR’S

Q.1 (B)
discontinuous at x = 2

   x 5
f f x f

x 2

 
  

 

x 5
5

6x 5x 2

x 5 x 9
2

x 2

 
    

   
 

 

6x 5

9 x






At x = 9 it is discontinuous

Q.2 (B)

  2

sin x, x Q
f x

tan x, x Q


 





87

Continuity and Derivability

if is continuous at x = 0, 
so 2 points

sinx = tan2x  sin x(cos2x – sin x) = 0

sin x = 0
x = 0, 
sin2x + sinx –1 = 0

1 5
sinx

2

 


5 1
sin x 2values

2




Total 4 points

Q.3 (D)
Definition can be break as

g(x) =
1

0
f (x y)dy

x – y = t; – dy. dt

g(x) =
x

x 1
f (t)dt



g(x) =

0 x 0

x 0 x 1

2 x 1 x 2

0 x 2


  


  
 

Now, check yourself

Q.4 (B)
f (x) = x |sin x| =

 
 

xsin x,sin i.e 2n ,2n ,2

sin x,sin x 0i 2n ,24n

     
 
      

x 4 x 4

f (x) f (n ) x | sin x |
f '(n ) lim lim

x n x 4   

 
  

   

 dist at x = 0

Q.5 (C)

2x | cos | x 0
f (x) x

0 x 0

 
 

  
  

The possible of non differntial of f (x)are

2
X 0, wheren I

2n 1
 



When x = 0 f (0)= and
2

x 0
lim x | cos | 0

x




Hence f (x) is continuous at x = 0

Now f (0) =
 

x 0

f 0 h 0
lim

h

 



2

x 0

h cos
hlim 0

h



 


Similarly Rf’ (0) = 0 hence differentiable at x = 0

Clearly non differentiable at x =
2

;n I
2n 1




Q.6 (A)

f(x) = 1 for x = 0

for x  0, f(x) = 1


1

x sin 1
x
  sin

1 1

x x


 sin  =  which is true only when  = 0

As  0 so it is not possible

Q.7 (D)

Let f (x) = f (y)

So, | f (x) – f (y)|  |x – y|

 0  |x – y|  x – y = 0  x = y

 f is one-one

Since, f is continuous

So f (0) is finite

Now, | f (x) – f (0)|  |x – 0|


x
lim


| f (x) – f (0)| 
x
lim


|x|


x
lim


f (x) = 

 f is unbounded

 f is surjective

JEE-MAIN

PREVIOUS YEAR’S

Q.1 (1)

Non differentiable at x = –
1

2
, 1

Q.2 [5]

Using graph of f(x)

10 2 3–2–3

5 point

Q.3 (2)

f (x) f (y)

x y




x – y|

 |f'(x)|  0

 f'(x) = 0
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 f(x) = constant

 f(x) = 1

Q.4 (1)
If f is continuous at x=–1, then
f(–1–)=f(–1)
 2=|a–1+b|
 |a+b–1|=2 ....(i)
similarly
f(1–)=f(1)
 |a+b+1|=0
 a+b=–1

Q.5 (1)

Doubtful points are x = n, n I

L.H.L =
x n
lim


[x – 1] cos

2x 1

2

 
  



= (n – 2) cos
2x 1

2

 
  

 = 0

R.H.L. =
x n
lim


[x – 1] cos

2x 1

2

 
  



= (n – 1) cos
2x 1

2

 
  

 = 0

f(n) = 0

Hence continuous

Q.6 (2)

(og(x)) = 2

g(x) 2, g(x) 0

(g(x)) , g(x) 0

 
 



3

6

2

x 2, x 0

x , x [0,1)

(3x 2) , x [1, )

  


 
   

( og(x))’ =

2

5

3x , x 0

6x , x (0,1)

2(3x 2) 3, x (1, )

 


    


At 'O'
L.H.L.  R.H.L. (Discontinuous)
At '1'
L.H.D. = 6 = R.H.D.

 og(x) is differentiable for x  R {0}

Q.7 (3)

  
 

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

 



  

 

1 2 1

x 0

cos (1 x ) sin (1 x)
Lim

x(1 x)(1 x)

  


 

1 2

x 0

cos (1 x )
Lim

x 1 1 2
Let 1 . x2 = cos 



 

 x 0
Lim

2 1 cos

  


0
Lim

2 22 sin
2

Now,

   

  

1 2 1

3x 0

cos 1 (1 x) sin ( x)
Lim

(1 x) (1 x)




  

1

x 0

sin x
2Lim

(1 x)(2 x)( x)





 



1

x 0

sin x2Lim
1 2 x 4

RHL LHL
Function can’t be continuous
No value of exist

Q.8 [1]

g[f(x)] =
 


  

2

f(x) 1 f(x) 0

(f(x) 1) b f(x) 0

g[f(x)] =

    
     
      

      

2

2

x a 1 x a 0 & x 0

| x 1| 1 | x 1 | 0 & x 0

(x a 1) b x a 0 & x 0

| x 1 | 1 b | x 1 | 0 & x 0

g[f(x)] =








 

 

  

  

2

2

x a 1

| x 1 | 1

(x a 1) b

| x 1 | 1 b

x ( , -a) & x ( , 0)

x

x [(-a, ) & x ( , 0)

x R & x [0, )

 



   

  

 

g[f(x)] =

    


     

2

2

x a 1 x ( , a)

(x a 1) b x [ a, 0)

(| x 1 | 1) b x [0, )

g(f(x)) is continuous
at x = .a & at x = 0
1 = b + 1 & (a  1)2 + b = b
b = 0 & a = 1
a + b = 1

Q.9 [6]

4x 0

cos(sin x) cosx
lim f(0)

x
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4x 0

sin x x x sin x
2sin sin

12 2
lim

Kx

    
   
    

 3x 0

sin x x x sin x 1
lim 2

2x K2x

    
   

   


(1 1) 1 1 1

2
2 2 6 K


   

 K = 6

Q.10 (4)

2

1
, x 1

x x

ax b, x 1




 
  

at x = 1 function must be continuous
So, 1 = a + b ...(1)
differentiability at x = 1




 
  
 

2 x 1
x 1

1
2ax

x

–1 = 2a a = 
1

2

(1) b = 1 +
1

2
=

3

2

Q.11 (4)
ƒ(x) is continuous at x = 0

  
 

x 0 x 0
lim ƒ(x) ƒ(0) lim ƒ(x) ...(1)

ƒ(0) = b ...(2)

  

 
  

 x 0 x 0

sin a 1 x sin 2x
lim ƒ(x) lim

2x 2x


 

a 1
1

2
...(3)

  

 


3

5 / 2
x 0 x 0

x bx x
lim ƒ(x) lim

bx



 


 

3

5/ 2 3x 0

(x bx x)
lim

bx x bx x


 

 2x 0

x 1
lim

2x 1 bx 1
...(4)

Use (2), (3) & (4) in (1)


  

1 a 1
b 1

2 2
 

1
b

2
, a = –2

a + b =
3

2

Q.12 (1)
Q.13 [4]
Q.14 (1)
Q.15 (1)
Q.16 (3)
Q.17 [39]
Q.18 (3)
Q.19 [5]
Q.20 (2)
Q.21 (2)
Q.22 [1]
Q.23 [2]
Q.24 (3)
Q.25 (1)
Q.26 (1)
Q.27 [14]

JEE -ADVANCED
PREVIOUS YEAR'S
Q.1 (B, C, D) or (B,C)

f(x) = kx
Hence f(x) is continuous & differentiable at x  R &
f ’(x) = k (constant)

Q.2 (A, B, C, D)

(A) at x =
2

–


Lf 






 

2
– = 0 = f 







 

2
–

Rf 






 

2
– = 0 continuous

(B) at x = 0 Rf(0) = 1
Lf(0) = 0  not differentiable

(C) at x = 1 Rf(1) = 1
Lf(1) = 1  differentiable at x = 1

(D) at x =
2

3
– >

2
–


f(x) = – cos x  differentiable at x =
2

3
–

Q.3 (A)

f(x) =
1bx

bx




=

b

1
+

)1bx(

b
b

1













f(x) =
2)1bx(

b
b

1













b, f(x) < 0 x (0, 1)

Range of f(x) is (–1, b)

so range  co-domain

so f is not invertible

f–1 doesnot exist
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No comparison with f–1

Q.4 (B)

(I) for derivability at x = 0

L.H.D. = f '(0–) = 0h
im

h–

)0(f–)h–0(f
= 0h

im

h–

0–
h

–cos.h2







 

= 0h
im – h .

h
cos


= 0

RHD f '(0+) = 0h
im

h

)0(f–)h0(f 
= 0h

im

h

0–
h

cos.h2







 

= 0 So f(x) is derivable at x = 0

(ii) check for derivability at x = 2

RHD = f '(2+) = 0h
im

h

)2(f–)h2(f 
=

0h
im

h

0–
h2

cos.)h2( 2














= 0h
im

h

h2
cos.)h2( 2















= 0h
im

h

h2
–

2
sin.)h2( 2















= 0h
im

)h2(2
.

h
)h2(2

)h2(2

h
sin.)h2( 2
































= (2)2 .
)2(2


= 

LHD = 0h
im

h–

)2(f–)h–2(f

= 0h
im

h–

0–
h–2

cos.)h–2( 2







 

= 0h
im

h–

0–
h–2

cos–.)h–2( 2















 

= 0h
im

h

h–2
cos)h–2( 2








 

= 0h
im

h

h–2
–

2
sin.)h–2( 2








 

=

0h
im

)h–2(2

–
.

)h–2(2

h
–

)h–2(2

h
–sin.)h–2( 2










 








 

= – 

So f(x) is not derivable at x = 2
Q.5 (B,D)

correctisBSo

1ba

1ba

1b)n2(f

a)n2(f

a)n2(f

nn

nn

n

n

n























1ba

1ba

1ba

1b))1n2((f

a))1n2((f

a)1n2(f

n1n

1nn

1nn

1n

n

n
































So D is correct
Q.6 (A,D)

Consider
h(x) = f(x) – g(x) Assume a < b
h(a) =  – g(a) > 0
h(b) = f(b) –  < 0
else if a > b h(a) < 0 and h(b) > 0.
By intermediate value theorem  h(c) = 0
.....(1)
(A) (f(c))2 + 3f(c) = (g(c))2 + 3g(c)

(f(c) – g(c)) (f(c) + g(c) + 3) = 0
So there exist a 'c' : f(c) – g(c)
from (1).
Hence A is correct.

(D) Similarly (f(c))2 = (g(c))2

(f(c) – g(c)) (f(c) + g(c)) = 0
(D) is correct.

B & C are wrong as by counter eg
If f(x) = g(x) =   0, then
B  2 +  = 2 + 3 is not possible.
C  2 + 3 = 2 +  is not possible.

Q.7 [3]

f(x) = |x| + 1 =
x 1 x 0

x 1 x 0

 

  

y

(–1,1) (1,1)

(0,2)

(–1,0) (1,0)
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g(x) = x2 = 1
Number of Non-differential points 3.

Q.8 (D)

f
2
(f

1
(x)) = (f

1
(x))2 –











0xe

0xx
x2

2

f
4
(x)











0x1e

0xx
x2

2

f (x)1

x

f (x)2

x

f (x)3

x

x2

e2x – 1

f (x)4

f
4
(x) is many-one onto, continuous and non-derivable

f
3
(x) is many-one, into, continuous and derivable

f
2
(x) is one-one, into, differentiable

Hence R  2

so (D)

p  1, q  3, R  2, S  4

Q.9 (A,D)
g(0) = 0, g (0) = 0 g (1)  0













0;0

0x')x(g

0x;)x(g

)x(f
h(x) = e|x|

  xhf =  |x|eg ,     |x|gexfh 

  0f'R =
   

x 10

g x – g 0
lim

x 0 
= g(0) = 0

  L f' 0 =
10

lim
x

   –g x – g 0

x 0
= g(0) = 0

  R h' 0 = 1 &   L h' 0 –1

So h(x) is non derivable. at x = 0

Now
0x

lim


     
x

0hf–xhf
=

0x
lim


   |x|g e – g 1

x

R(f(h(x))) = 0x
lim

x

)1(g)e(g x 

=
x 0
lim

 1e

)1(g)e(g
x

x





x

1ex 
= g(1)

   L f ' h x = – g (1)

Hence   xhf is non derivable at x = 0

Since x = 0 is repeated root of g(x) So ||x|g|e is

differetiable at x = 0
hence (A), (D)

Q.10 (A,B,D)

f(x) = xcos((x + [x])

Check continuity at x = n

f(n) = ncos2n = n

f(n+) = ncos2n = n

f(n–) = ncos(2n – 1)  = – n

It is discontinous at all integer points except 0

Q.11 [2]

P(x, y) : f(x + y) = f(x)f(y) + f(x) f(y) x, y R 

P(0, 0) : f(0) = f(0) f(0) +f(0) f(0)
 1= 2f(0)

 
1

f 0
2

 

P(x, 0) : f(x) = f(x) . f(0) + f(x).f(0)

     
1

f x f x f x
2

  

   
1

f x f x
2

 

 
1

x
2f x e 

 In (f(4)) = 2

Q.12 (D)

(i) f (x) =
2xsin 1 e

    2 2

2

' x x
1

x

1
f x cos 1 e 0 e 2x

2 1 e
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at x = 0  '
1f x does not exist

So. P  2

(ii) f
2
(x) = 1

sin x
,x 0

tan x
0 x 0




 

 

1
x 0

sin x x
lim 1

x tan x 




f
2
(x) does not continuous at x = 0

So Q  1

(iii) f
3
(x) =  sin n x 2 0   

21 x 2 e  

 0 n x 2
2


   

 0 sin n x 2 1   

 3f x 0 

So R 4

(iv) f
4
(x) =

2 1
x sin , x 0

x
0 , x 0

 

 

So S 3

Q.13 (C)
f(x) is a non-periodic, continuous and odd function

 
2

2

x xsin x,x 0
f x

x xsin x,x 0

  
 

 

   2

x

sin x
f Lt x 1

x

 
      

 

  2

x

sin x
f Lt x 1

x

 
     

 

 Range of f(x) =R
 f(x) is an onto function .....(1)

 
2x sin x x cos x, x 0

f x
2x sin x x cos x, x 0

   
  

  

For (0, )
f(x)=(x–sinx)+x(1–cosx)
always +ve always +ve

or 0 or 0
 f'(x) > 0

 f'(x)  0,  x ,   

equality at x = 0
f(x) is one – one function …. (2)

From (1) & (2), f(x) is both one-one & onto.

Q.14 (A,C)
f : R R f(x) = (x2 + sinx) (x–1)
f(1+)=f(1–)=f(1)=0
fg(x) : f(x).g(x) fg : RR
let fg(x) = h(x) = f(x).g(x)h:RR
option (c) h(x) = f(x)g(x) + f(x) g'(x)
h'(1) = f'(1) g(1) + 0,
(as f(1) = 0, g'(x) exists}
 if g(x) is differentiable then h(x) is also
differentiable (true) option (A) If g(x) is continuous
at
x = 1 then g(1+) = g(1–) = g(1)

     
h 0

h 1 h h 1
h 1 lim

h





 
 

     
   

h 0

f 1 h g 1 h 0
h 1 lim f 1 g 1

h





  
  

     
   

h 0

f 1 h g 1 h 0
h 1 lim f 1 g 1

h





  
  



So h(x)=f(x).g(x) is differentiable
at x=1 (True)

Option (B) (D)      
h 0

h 1 h h 1
h 1 lim

h





 
 



     
   

h 0

1 h g 1 h
h 1 lim f 1 g 1

h

 



 
  

f

     
   

h 0

1 h g 1 h
h 1 lim f 1 .g 1

h

 



 
  



f

   g 1 g 1  

So we cannot comment on the continuity and
differentiability of the function.

Q.15 [4]
f(x)=|2x–1|+|2x+1|
g(x)={x}
f(g(x))=|2{x}–1|+|2{x}+1|

2 {x} 1/2

4{x} {x} 1/2


 



4

–1 1/2–1/2 1

discontinuous at x = 0  c = 1

Non differential at
1 1

x ,0,
2 2

   d = 3

 c + d = 4
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Q.16 (A,B,D)
Since f (x)=xg(x)

   
x 0 x 0
lim x lim xg x
 

f

      
x 0 x 0 x 0
lim x lim x limg x
  

 f

 
x 0
lim x 0 1 0


  f ....(1)

f (x+y)=f (x)+f (x)+f (x) f (y)
Now we check continuity of f (x)
at x=a

h 0
lim


f(a+h) = f (a)+f (b)+f (a)+f (h)

x 0
lim


(f (a)+f (h)(1+f (a)))

h 0
lim


f (a+h)=f (a)

 f (x) is continuous x R 

x 0
lim


f (x) = f (0)=0   
x 0
lim x 0


f

 f (0)=0

and
 

x 0

x
lim 1

1




f

 f (0) = 1
Now
f (x+y) = f (x) + f (y) + f (x) f (y)
using partical derivative (w.r.t. y)
f (x+y)+ f yf xf y

put y=
f (x)=f (0)+f (x) f (0)
f (x)=1+f(x)

 
 
x

dx 1dx
1 x




 
f

f

  n | 1 x | x C   f

f(0)=0; c=0 |1+f(x)|=ex

1+f(x)=±ex or f(x) = ±ex–1
w ff(x)=ex–
f(x) = xe–
option (A) is correct
and f xex

f 0) =1 option (D) is correct

 
 

xe 1
x ; x 0

g x x
x

1 ; x 0

 
 

   
  

f

g(0+h)
   

h 0

g 0 h g 0
lim

h

 


h

h 0

e 1
1

1hlim
h 2




 

option B is correct
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EXERCISES

ELEMENTRY

Q.1 (3)

x

1
xy   2x

1
1

dx

dy


Therefore,

2 2
2

dy 1 1
x . xy 2 x 1 x 1 2 0

dx xx

   
             

Q.2 (2)


















44 x

xcos

dx

d

xsecx

1

dx

d

24

34

)x(

)x4(xcos)xsin(x 


58

3

x

)xcos4xsinx(

x

)xcos4xsinx(x 





Q.3 (1)

Here
y

1
az  

2
2

)za(
y

1

dy

dz


Q.4 (1)

   xsine
dx

d
xxsinex

dx

d x2x2  )x(
dx

d
xsine 2x

)xcosxxsinxxsin2(xex 

Q.5 (4)

Since x2.xcos).xsin(sin
dx

dy 22

Therefore, at ,
2

x


 0
2

cosxcos 2 


 

0
dx

dy


Q.6 (3)

Putting x = sin A and Bsinx 

)Asin1BsinBsin1A(sinsiny 221  

xsinxsinBA)]BA[sin(sin 111  


22 xx2

1

x1

1

dx

dy







Q.7 (4)
y = a sin x + b cos x
Differentiating with respect to x, we get

dy
a cos x bsin x

dx
 

Now
2

2

)xsinbxcosa(
dx

dy










xcosxsinab2xsinbxcosa 2222 

and 22 )xcosbxsina(y 

xcosxsinab2xcosbxsina 2222 

So, )xcosx(sinb)xcosx(sinay
dx

dy 2222222
2










Hence )ba(y
dx

dy 222
2









= constant.

Q.8 (1)

Let

4

x
sin2

4

x
cos2

tan

2

x
cos1

2

x
cos1

tany
2

2

11  






4

x

24

x

2
tantan

4

x
cottany 11 














 


4

1

dx

dy
 .

Q.9 (3)

x23

x32
tan

x51

x4
tany 1

2
1







 

x.
3

2
1

x
3

2

tan
x.x51

xx5
tan 11









 

= tan–1 5x – tan–1 x + tan–1
2

3
– tan–1 x

 2x251

5

dx

dy


 .

Methods of Differentiation
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Q.10 (3)











7log

)x(loglog

dx

d
)]x(log[log

dx

d

e

7e
77

=
7

e e e

log e1 1
.

x log x log 7 x log x
 .

Q.11 (1)


























 

1x

1x
sin

1x

1x
secy 11

21x

1x
sin

1x

1x
cos 11 


























 

 0
dx

dy
 ,







 

 

2
xcosxsin 11

Q.12 (1)
Rationalising,

2/142
42

)1x(x
2

1x2x2
y 





1x

x2
x2

dx

dy

4

3


 .

Q.13 (1)
y = (x cot3 x)3/2

)]xcosec(xcotx3x[cot)xcotx(
2

3

dx

dy 2232/13 

]xcosecxcotx3x[cot)xcotx(
2

3 2232/13 

Q.14 (2)
























xsin

1

xcos

1

dx

d
]xcosecxsec[

dx

d
22

22

x2cotx2cosec4]x2cosec2[
dx

d
 .

Q.15 (3)

)2xx(tane.xlogy 

)x2x(sece.xlog
x

1
.e

dx

dy 2)xx(tan)xx(tan 22
 









  xlog)x2x(sec

x

1
e 2)xx(tan 2

Q.16 (2)








 













 180

x.
sin

2

dx

d
xsin

2

dx

d

90

xcos

180

x
cos

180

2 







Q.17 (1)









 )elog(sin

2

1

dx

d
]esin[log

dx

d xx

)ecot(e
4

1
e

e2

1
ecot

2

1 2/x2/xx

x

x 

Q.18 (1)

)]tsint(a[
dt

d

)]tcos1(a[
dt

d

dt/dx

dt/dy

dx

dy






2

t t
2sin cosdy a sin t sin t 2 2

tdx a a cos t 1 cos t 2cos
2

  
 

dy t
tan

dx 2
 

Q.19 (2)

2

2

2 t1

t1
y,

t1

t2
x









Put  tant





 2sin

tan1

tan2
x

2 , 



 2cos

tan1

tan1
y

2

2











2cos2

2sin2

d/dx

d/dy

dx

dy

=  2tan =



2tan1

tan2
= 2t1

t2




=

1t

t2
2 

.

Q.20 (4)

Obviously
2

1

t1

1
cosx


 

and
2

1

t1

t
siny


 


22/32

2

2 t1

1
t2

)t1(2

)1(
.

t1

t

1

dt

dx












and 22/32

2

t1

1

)t1(

1
.t1

dt

dy
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Hence 1
dt/dx

dt/dy

dx

dy


Q.21 (1)

 4sinay  


cossina4
d

dy 3

and  4cosax  


sincosa4
d

dx 3

 








 2

2

2

tan
cos

sin

d/dx

d/dy

dx

dy


1

4

3
tan

dx

dy 2

4

3








 













Q.22 (3)

Given
2x3y 

aloga)a(
dx

d
e

xx 

)x(
dx

d
3log3

dx

dy 2
e

x 2
  3log.x2.3

dx

dy
e

x 2


Q.23 (1)
Taking log both sides,

)yxlog()qp(ylogqxlogp 


x

y

dx

dy

dx

dy
1

yx

qp

dx

dy

y

q

x

p














 .

Q.24 (4)  .....xsinxsinxsiny

yxsinyyxsiny 2 

On differentiating both sides, we get

xcos)1y2(
dx

dy

dx

dy
xcos

dx

dy
y2  .

Q.25 (1)

Given xtan)x(siny  ; xsinlog.xtanylog 

Differentiate with respect to x,

xsec.xsinlogxcot.xtan
dx

dy
.

y

1 2

]xsec.xsinlog1[)x(sin
dx

dy 2xtan  .

Q.26 (3)

Let xcosy 1 and x1z 

x

1

x12

1
x2

1

x1

1

dz

dy











.

Q.27 (4)

Let xtany 1
1

 and xy2 

Differentiating w.r.t. x of y
1
and y

2
, we get

x2

1
.

)x1(

1

dx

dy1


 and

x2

1

dx

dy2 

Hence
x1

1

dy

dy

2

1




Q.28 (3)

3xey  , xlogz  
33 x22x ex3)x3(.e

dx

dy


.....(i)

and
dz 1

dx x


....(ii)

  
3

3

x3
x2

ex3
x/1

ex3

dz

dy


Q.29 (3)

)nxsin(B)nxcos(Ay 

)nxcos(nB)nxsin(nAdx/dy 

Again )nxsin(Bn)nxcos(An
dx

yd 22
2

2



)]nxsin(B)nxcos(A[n2 

 yn
dx

yd 2
2

2



Q.30 (1)

2

xtan
xtan

x1

e

dx

dy
ey

1
1







22

xtan
2

xtan
2

2

2

)x1(

)x2(e
)x1(

e
).x1(

dx

yd

1
1













22

xtan

2

2

)x1(

e)x21(

dx

yd
1








dx

dy
)x21()x1(

dx

yd 2
2

2

 .
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Q.31 (3)

;beaey mxmx 
mxmx mbeame

dx

dy 

Again
mx2mx2

2

2

bemeam
dx

yd 

 ym
dx

yd
)beae(m

dx

yd 2
2

2
mxmx2

2

2

 

or 0ym
dx

yd 2
2

2



Q.32 (4)

0x1yy1x   )x1(y)y1(x 22 

    x y x y xy 0   

  yx,0xyyx  

 2)x1(

1

dx

dy






Q.33 (1)

0axy3yx 33 

Differentiate w.r.t. x,

0y
dx

dy
xa3

dx

dy
.y3x3 22 










0)axy(
dx

dy
3)ayx(3 22  

axy

xay

dx

dy
2

2




 .

Q.34 (4)

)]x(tancot)x(cot[tan
dx

d 11  

211
xtan1

)x(sec1

xcot1

)xcosec(1
2

2

2

2








.

Q.35 (2)
















 

2

2
1

)x(log1

)x(log1
cos)x(f )x(logtan2 1


e

1
)e(fTherefore.

x

1
.

)x(log1

1
.2)x(f

2





Q.36 (4)

tsint1cosy 121  

and x = sin–1(3t – 4t3) = 3sin–1 t

2

2

1dy
dy 1 tdt

dxdx 1
3dt

1 t

 
 
 

 
 
 
 


dy 1

dx 3


Q.37 (4)

32

223

ppp
461
x3xx

)x(f 

 )p6p(x3)p4p(x)p4p6(x)x(f 2232233 

 2222323233 px18xp3px4pxxp4xp6)x(f 

 px36xp6px8xp2xp12xp18)x(f
dx

d 232223 

and p36p6p8p2xp24xp36)x(f
dx

d 2323
2

2



and
23

3

3

p24p36
dx

)x(fd
 = a constant.

Q.38 (2)

pxsinppxcosppxsinp

pxcosppxsinppxcosp

pxsinppxcosppxsin

D
876

543

2









pxsinppxcosppxsin

pxcosppxsinppxcos

pxsinppxcosppxsin

p
2

2

2

9









.0

pxsinppxcosppxsin

pxcosppxsinppxcos

pxsinppxcosppxsin

p
2

2

2

9 







Q.39 (2)

We have 22 t

1
1

dt

dy
,

t

1
1

dt

dx



















1t

2
1

1t

1t

dx

dy
22

2

and

dx

dt
.

dx

dy

dt

d

dx

yd
2

2
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32

3

2

2

22 )1t(

t4

1t

t
t2.

)1t(

1
.2










 .

Q.40 (3)




cosa
d

dx
and 


sinb

d

dy

 


 tan
a

b

dx

dy
and

dx

d
sec

a

b

dx

yd 2
2

2 





 








 3
2

2
2

2

sec
a

b

cosa

1
sec

a

b

dx

yd
.

JEE-MAIN
OBJECTIVE QUESTIONS
Q.1 (1)

f(x) = 1x2 2  , y = f(x2)

f(x2) = 1x2 4  ,
dx

dy
= 2x.f(x2)

dx

dy
= 2x. 1x2 4 

1xdx

dy











= 2

Q.2 (1)
f(x) = log

x
(nx)

 f(x) =
nx

)nx(n





 f(x) =
2)nx(

)nx(n
x

1
–

x

1
·

nx

1
nx






 








 f(e) =
1

0–
e

1

= 1/e

Q.3 (3)
y = x3 – 8x + 7 and x = f(t)

dt

dy
= 2 & x = 3 at t = 0


dx

dy
=

dt/dx

dt/dy


dt

dx
= dx/dy

dt/dy


dt

dx
=

8–x3

2
2

at t = 0, x = 3


dt

dx
(at t = 0) =

19

2

Q.4 (2)
sin(xy) + cos (xy) = 0

 cos(xy) 









dx

dy
xy – sin(xy) 










dx

dy
xy = 0


dx

dy
= –

x.)xysin(–x).xycos(

y·)xysin(–y.)xycos(


dx

dy
= –

x

y

Q.5 (3)
y = f(x)

f(–x) = –f(x)  –f (–x) = –f (x)
f  (3) = f (–3) = –2

Q.6 (2)
y = x – x2

y2 = x2 + x4 – 2x3 u = y2

u = x2 + x4 – 2x3

dx

du
= 2x + 4x3 – 6x2

v = x2  dv/dx = 2x

dv

du
= 2x2 – 3x+1

Q.7 (3)

dx

d


















1xx

1xx
2

24

= ax + b 
dx

d

     
   
   

2 2

2

(x x 1) (x x 1)
ax b

(x x 1)

dx

d
(x2 – x + 1) = ax + b

 2x – 1 = ax + b
Q.8 (3)

 5/4 1/2 3/2 1/4

5/2
x 5

3 5
x b x a bx x

dy 2 4
0

dx x

 
   

 

= x1/4 1/2 3/23 5
xb x (a bx ) 0

2 4

 
   

 

= 3
b

2
x3/2 –

5

4
a –

5

4
bx3/2 = 0

= x3/2 3b 5b 5
a

2 4 4

 
   

Put x = 4

= 5 5
b

4

 
 
 

=
5

4
a

a
5

b
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Q.9 (3)

x = 3t

1
+ 2t

1

dt

dx
= 4t

3
– 3t

2
,

dt

dy
=

2

3







 
3t

2
– 2t

2

dx

dy
=

34

23

t

2

t

3
t

2

t

3





dx

dy
= t

so x

3

dx

dy








–

dx

dy
= 3t

t1
.t3 – t = 1

Q.10 (3)

y =
2xx

y =
xn2xe 

dx

dy
=

xn2xe 
.(2x n x + x)

= 12xx  (2 n x + 1)

Q.11 (4)
f(x) = |x| |sinx|

at x = /4, |x| = x and |sinx| = sinx
 f(x) = xsinx

n(f(x)) = sinx . nx


)x(f

1
f(x) = cosx nx +

x

xsin
 f(/4) =

2/1

4







 













 22

4
n

2

2


Q.12 (1)

u = sec–1
)1x2(

1
2 

; v = 2x1 

u = cos–1 (2x2 –1);
differentiating w.r.t. to x

dx

du
= 22 )x2(1

)x4(1




& 2

du x

dx 1 x






dv

du
= 24 x4x4

x4




×

21 x

x




=

x2

4

4
)2/1(2

4

dv

du

2/1x




Q.13 (3)

y .....toy ex e
 

x = ey+x

x = e(y + x)









1
dx

dy

dx

dy
=

x y

x y

1 e

e






=

x

x1

Q.14 (4)

y = yxsin 

squaring both side
y2 = sinx + y

2yy = cosx + y’
differentiating w.r.t. to x

y =
cos x

2y 1

Q.15 (2)

y = cos–1(cosx),

4

5
xdx

dy




y =
xcos1

1

2


× – sin x =

|xsin|

xsin

4

5
x

y 



= –1

Q.16 (3)

y = sin–1


















1x

1x
2

2

+ cos–1


















1x

1x
2

2

, |x| > 1  y

=
2



dx

dy
= 0

Q.17 (4)

y = sin–1 (x x1 + x 2x1 )

dx

dy
=

)x1(x2

1


+ p

y = sin–1(x) + sin–1( x )
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dx

dy
=

2x1

1


+

x1x2

1



Q.18 (3)

y = sin–1 








 2x1

x2
.

2xdx

dy



x = tan  y = sin–1 (sin 2)

4



–1
–2

Mean

 < –
4



2 < –
2



2



y =  – 2 =  – 2tan–1 x

2xdx

dy


=

)x1(

2
2


=

5

2

Q.19 (2)

g(x) = f–1 (x) g'(f(x)) =
1

f '(x)

g'(f(x)) · f '(x) = 1 =

4

5

1 x

x



g'(f(g(2))) =
4

5

1 a

a



Q.20 (2)
F’(x) =

''h''g''f
'h'g'f
'h'g'f

+
''h''g''f
''h''g''f

hgf

+
'''h'''g'''f
'h'g'g

hgf

= 0

Q.21 (2)

f(x) =

1xxtan

x2xxsin2

1xxcos
2

f(x)=

1xxtan

x2xxsin2

01xsin
2



+
1xxtan

2x2xcos2

1xxcos

+
2

2

cos x x 1

2sinx x 2x

sec x 1 0

x

)x(f
=

x

1

1xxtan

x2xxsin2

01xsin
2



+
x

1

1xxtan

2x2xcos2

1xxcos

+
x

1

01xsec

x2xxsin2

1xxcos

2

2

=
1xxtan

2x
x

xsin
2

01xsin

+
11xtan

22xcos2

11xcos

+

01xsec

2x
x

xcos
2

1xxcos

2

0x
lim
 x

)x(f
=

100

202

010

+0 + 0 = 0 – 1 (2) + 0 = – 2

Q.22 (3)

f(x) =
x3cos3x3sinx3cos

x3cos2x2sinx2cos

xcosxsinxcos

differentiating w.r.t. to x

f(x) =
x3cos3x3sinx3cos

x2cos2x2sinx2cos

xsinxcosxsin 

+

x3cos3x3sinx3cos

x2sin4x2cos2x2sin2

xcosxsinxcos


+
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x3sin9x3cos3x3sin3

x2cos2x2sinx2cos

xcosxsinxcos



f
2

 
 
 

=

010

201

101







+

010

020

010



 +

903

201

010



= –1(–2) + 0 –1(1) + 0 – 1 (–3) + 0
= 2 –1 +3 = 4

Q.23 (4)
x = at2

y = 2at

dx

dy
=

at2

a2

2

2

dx

yd
= – 2t

1

dx

dt

= – 2t

1
.

at2

1
= – 3at2

1

Q.24 (4)
y = f(ex)
y' = f(ex) . ex  y'' = f(ex) e2x + ex f(ex)

Q.25 (1)
y = e–x cosx, y4 + ky = 0

differentiating w.r.t. to x
y1 = –e–x cosx – e–x sin x
again differentiating w.r.t. to x

y2 = e–x sinx + e–x cos x – {e–x cos x – e–x sin x}
y2 = 2e–x sin x
y3 = 2e–x cos x – 2e–x sin x

y4 = –2e–x sin x – 2e–x cosx + 2e–x sin x
– 2e–x cos x

y4 + 4y = 0

Q.26 (4)
y = e2x

2x 2x

2
2x 2x

2 2x

dy dx 1
2e e ,

dx dy 2

d y d dx 1
4e e

dy dydx 2e





 

 
    

 















2

2

dx

yd














2

2

dy

xd
= –

2

ee4 x4x2 
= –2e–2x

Q.27 (3)

f(x) = xn

f(1) –
11

)1(f
+

21

)1(f
– .... + (+)

nf (1)

n!

f(x) = n . xn–1  f(1) = n

f(x) = n(n – 1) xn–2  f(1) = n(n – 1)

f(x) = n(n – 1) (n – 2) xn–3

 f(1) = n(n – 1) (n – 2) 


f(1 – x)n = 1 – nx +
!2

x)1n(n 2
– .................

0 = 1 – n +
!2

)1n(n 
+ ....................

Q.28 (4)

f '(4) = 5,
2x

lim
 x2

)x(f)4(f 2



 0

0

 
 
 

Apply L. Hospital rule

2x
lim


0 –
1

x2).x(f 2




 x 2

lim
 0 + f '(x2) 2x  f '(4)

· 2 · 2 = f (4) · 4 = 20

Q.29 (2)

y = (1 + x) (1 + x2) ... (1 + x2n)

y =
)x1(

)x1)...(x1)(x1)(x1( n2422





y =
x1

x1 n4






dx

dy
=

4n 1 4n

2

(1 x)( 4nx ) (1 x )

(1 x)

   




dx

dy
= 2

n4n41n4

)x1(

x1nx4nx4



 


0xdx

dy


=

1

0100n4 
= 1
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JEE-ADVANCED

OBJECTIVE QUESTIONS
Q.1 (B)

y = f 












1x

1x2
2 & f(x) = sin x


dx

dy
= f 













1x

1x2
2 .
















22

2

)1x(

x2).1x2(2).1x(
=

sin 












1x

1x2
2 . 22

2

)x1(

)xx1(2





Q.2 (C)

y =
xtan1

xtan
1

1








)x(tand

dy
1 = 21

11

)xtan1(

xtanxtan1







=

21 )xtan1(

1


Q.3 (B)

x y1 + y x1 = 0

x2 (1 + y) = y2 (1 + x)
x2 – y2 + x2y – y2x = 0
(x + y) (x – y) + xy (x – y) = 0
(x – y) (x + y + xy) = 0

 x  y y = –
x1

x




dx

dy
= 2)x1(

x)x1(–




= – 2)x1(

1



Q.4 (A)

dx

dy
= – 













hx2by2

hy2ax2

= –
x

y


















hxyby

hyax
2

2

= –
x

y


















hxyby

hxyhxy2by
2

2

=
x

y

Q.5 (C)
ef(x) = n x

 f –1 (x) = g(x)

x =
 xfee

 g(x) = f –1(x) =
xee

 g(x) =
xee .ex =

xxee 

Q.6 (B)

f(x) = 2

10

x1

x


, g(2) = a & g(2) = ?

g is inverse of f
f(g(x)) = x
Differentiating w.r.t. x

f(g(x)) . g(x) = 1

g(x) = ))x(g(f

1



g(2) =
))2(g(f

1


=

)a(f

1



g (2) = 10

2

a

a1

Q.7 (B)

f(x) =
1xxtan

x2xxsin2

01xsin
2



+
1xxtan

2x2xcos2

1xxcos

+

01xsec

x2xxsin2

1xxcos

2

2

= x2 sin x + 2x tan x – 2 sin x + x2 sec2 x + 2 sin x –
2x cos x


0x

lim
 x

)x('f
=

0x
lim










 xcos2

x

xsin2
xsecx

x

xsin2
xtan2xsinx 2

= 0 + 0 – 2 + 0 + 0 + 2 – 2 = –2

Q.8 (D)

mxsinmmxcosmmxsinm

mxcosmmxsinmmxcosm

mxsinmmxcosmmxsin

876

543

2







by expanding = 0

Q.9 (A)

y =
2


– 2 sin–1 x.cos–1 x
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dx

dy
= 2

1

x1

xsin2





– 2

1

x1

xcos2





 2x1 dx

dy
= 2(sin–1 x – cos–1 x)

again differentiate both sides w.r.t x

2x1 2

2

dx

yd
– 2x1

x

 dx

dy
=

2 
















 22 x1

1

x1

1

 (1 – x2) 2

2

dx

yd
– x

dx

dy
= 4

Q.10 (C)

u = ax + b
Let y = f(ax + b)

dx

dy
= a f(ax + b)

2

2

dx

yd
=a2 f(ax + b)

3

3

dx

yd
= a3 f(ax + b)



n

n

dx

yd
= an fn (ax + b)

 n

n

dx

d
f(ax + b) = an fn (u) = an

n

n

du

d
f(u)

Q.11 (B)
y = x + ex

dx

dy
= 1 + ex

 dy

dx
= xe1

1



 2

2

dy

xd
=

dy

dx
.

)e1(

e
2x

x




= 3x

x

)e1(

e





Q.12 (C)
y2 = P(x)

2y
dx

dy
= P (x)


dx

dy
= y2

)x(P

2 2

2

dx

yd
= 2y

dx/dy)x(P–)x(Py 

2y3

2

2

dx

yd
= y2 P(x) – P(x) . y

dx

dy

2y3

2

2

dx

yd
= P(x) P(x) –

2

)x(P)x(P 

 y2 = P(x) & y
dx

dy
=

2

)x(P

2
dx

d














2

2
3

dx

yd
y

= P(x) . P(x) + P(x) . P(x) – 2
2

)x(P.)x(P 

 2
dx

d














2

2
3

dx

yd
y = P(x) . P(x)

Q.13 (C)

y = a cos n x + b sin n x
differentiating w.r.t. to x

y = –
x

a
sin nx +

x

b
cos nx

xy = –a sin nx + b cos nx

xy + y’ = –
acos nx

x


–

bsin n x

x



x2y + xy = – y

Q.14 (C)

8 f(x) + 6 f 








x

1
= x + 5 .... (i)

Replacing x by 1/x

we get 8 f 








x

1
+ 6 f(x) =

x

1
+ 5.... (ii)

(i) × 8  64 f(x) + 48 f 








x

1
= 8x + 40.... (iii)

(ii)× 6 36 f(x) + 48 f 








x

1
=

x

6
+ 30..... (iv)

(iii) – (iv) 28 f(x) = 8x –
x

6
+ 10
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Differentiating w.r.t. x

28 f(x) = 8 +
2x

6

Now y = x2 f(x)


dx

dy
= x2 f(x) + 2x f(x)


1–xdx

dy











= f(– 1) – 2f(– 1)

=
28

14
– 2 (2/7) =

14

1–
{ f(– 1) = 2/7}

Q.15 (B)

f(x) = f(x) + f(x) + .... 
f(0) = 1

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (B, C, D)
f(x) = |(x – 4) (x – 5)|

f(x) = 2x – 9, x > 5

f(x) = –2x + 9, 4 < x < 5
Not defined at x = 4, 5 by graph

Q.2 (A, C)

f
n
(x) =

)x(1nfe 
 n  N and f

0
(x) = x

f
1
(x) = ex

f
2
(x) =

xee

f
3
(x) =

xeee

:
:

f
n
(x) =

xtimesn........eee =
)x(1nfe 

Now
dx

d
f

n
(x) = f

n
(x) 








 )x(f

dx

d
1n

= f
n
(x) .f

n–1
(x) 








 )x(f

dx

d
2n

:

:
= f

n
(x).f

n–1
(x).f

n–2
(x) ............f

1
(x).1

Q.3 (A,B,C,D)

f(x) = a sin x + (ax + b) cos x + c cos x – (cx + d) sin
x = x cos x
 (a – cx – d) sin x + (ax + b + c) cos x = x cos x

 a  0 and a = 1 and b + c = 0 and a – cx – d = 0
 a = 1, b = –c and cx = a – d
 c = 0

 b = c = 0 and a = d = 1

Q.4 (A, D)
x = cos t, y = n t

dx

dy
=

tsin

1
.

t

1



at t =
2


at t =

6



dx

dy
=



2

dx

dy
= –



12

Q.5 (A,B,C,D)
u = ex sin x , v = ex cos x

dx

du
= ex cosx + ex sin x

dx

dv
= ex cos x – ex sin x

Adding :
dx

du
+

dx

dv
= 2V = [D]

2

2

dx

ud
= ex cosx – ex sin x + ex cosx + ex sinx

= 2V  [B]

v .
dx

du
– u .

dx

du
= e2x cos2x + e2x sin x cosx

– e2x sin x cos x + e2x sin2 x
= u2 + v2 [A]

Q.6 (A,B,D)
xpyq = (x + y)p+q

taking log both side

Pnx + qny = (p + q) n (x + y)

x

P
+

y

q
. y =

yx

qp




(1 + y)

x

P
+ 














yx

qp

y

q
y =

yx

qp





x

P
+













y)yx(

qypyqyqx
y =

yx

qp
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y)yx(

)pyqx(
y =

yx

qp




–

x

p













y)yx(

pyqx
y =

)yx(x

pypxqxpx





y =
)pyqx(

)pyqx(




×

x)yx(

y)yx(





y =
x

y

Q.7 (A, B)

sin–1
2t1

t


w.r.t. cos–1

2t1

t



Put t = tanq –
2


< q <

2



u = sin–1 












|sec|

tan

Þ u = sin–1 (sin q)
u = q Þ tan–1 t

dt

du
=

)t1(

1
2

2

 O

2



V = cos–1
|sec|

1



  – , > 0 < 0

tan > 0–1 t < 0

t > 0

cos (cos )
–1



V = tan–1 t

1

0tfor&

1

,0tfor

0t,
t1

1

dt

dv

0t,
t1

1

dt

dv

2

2


























Q.8 (A, B, C, D)

2x + 2y = 2x + y ... (i)
diff. both sides w.r.t.x

2x. n2 + 2y . n2
dx

dy
= 2x+y . n2 










dx

dy
1

2x – 2x + y = (2x + y – 2y)
dx

dy
.... (ii)

)1–2(2

)2–1(2
xy

yx

=
dx

dy

from (i) & (ii)

2x – 2x – 2y = (2x + 2y – 2y)
dx

dy


dx

dy
= – x

y

2

2

dx

dy
= yyx

yxx

2–2

2–2




=
)1–2(2

2–
xy

y

= x2–1

1
= 1 – 2y

Q.9 (B, C)

 t =
2

1
n(x2 + y2)


2

1
n(x2 + y2) = sin–1















 22 yx

y

case-I : When x  0

 n(x2 + y2) = 2 tan–1 








x

y

 22 yx

1


(2x + 2yy) =

2

2

x

y
1

2










 
2x

y'xy

 xy – yy = x + y

 y = yx

yx





Let y = x tan  ;   






 


2
,

2

 sin–1















 22 yx

y
= sin–1 













|secx|

tanx

= sin–1 







sin

|x|

x
=





































0x,
x

y
tan

0x,
x

y
tan

1

1

case-II : When x < 0

n(x2 + y2) = –2 tan–1 








x

y

 22 yx

)'yy2x2(




=

2

2

x

y
1

2











 
2x

y'xy

y (x + y) = y – x

y = xy

xy
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Q.10 (B, C)

y = cos–1
2

2

x12

1x1





dx

dy
=


















2x12

1

2

1
–1

1–
·

2x12

1

2

1
2

1




·

2

1
2/32 )x1)(2(–

x2




dx

dy
=

)x1(4

1
–

4

1

1

2

· 2/32 )x1(4

x




dx

dy
=

1–x1

x12

2

2




·

)x1(x14

x

22 


dx

dy
=

)x1(|x|2

x
2

when x < 0

dx

dy
=

)x1(2

1–
2

when x > 0

dx

dy
=

)x1(2

1
2

Alternate :
put x = tan

tan–1x =  






 

2
,

2
–

y = cos–1
|sec|2

|sec|1




= cos–1

2

1cos 

y = cos–1 (cos/2)

y =












2/0

02/–

,

,

2/

2/–

dx

dy
=



















0x

0x

,

,

)x1(2

1
)x1(2

1
–

2

2

Q.11 (A, B)

y = tan–1

































)ex(n

x

e
n

2

2





+ tan–1 












xn61

xn23





y = tan–1 












xn21

xn21




+ tan–1

xn61

xn23









tan y =

)xn61()xn21(

)xn23()xn21(
1

xn61

xn23

xn21

xn21


























= 2

2

)xn(82

)xn(164








 – 2

2

)xn(41

))xn(82(









 –2

dx

dy
= 0 

dx

yd2

= 0

Q.12 (B,C,D)
f(x) = sin 2x{sin(x + x2).sin(x – x2) + cos(x + x2) cos(x
– x2)} + sin 2x2{cos (x + x2) cos(x – x2)

– sin (x – x2) sin (x + x2)}
 f(x) = sin 2x.cos 2x2 + cos 2x.sin 2x2

 f(x) = sin (2x + 2x2)
 f(x) = (2 + 4x) cos (2x + 2x2)
Now

f 









2

1
= (2 – 2) cos 










2

1
1 = 0

f(–1) = –2 cos 0 = –2

f(x) = 4 cos (2x + 2x2) – (2 + 4x)2 sin (2x + 2x2)
f(0) = 4 – 0 = 4

Q.13 (C, D)
f(x) = – f(x) .... (i)
f(x) = g(x) .... (ii)

h(x) = (f(x))2 + (g(x))2 ... (iii)
h(0) = 2, h(1) = 4
Differentiating equation (ii) w.r.t. x

f(x) = g(x) = – f(x)
Differentiating equation (iii) w.r.t. x
h(x) = 2f(x) . f(x) + 2 g(x) . g(x)

= 2f(x) . f(x) – 2f(x) . f(x) = 0 { g(x) = –
f(x)}
h(x) is constant

h(x) is linear function
h(0) = 2 h(x) not passing through (0, 0)
Let y = h(x) = ax + b

at x = 0
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y = 2 = b y = ax + 2
at x = 1

a + 2 = 4

a = 2
curve is y = 2x + 2

Q.14 (A,B,C)

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

2

f ’(0) = 2g’(0) = 4g(0), g’’(0) = 5f ’’(0) = g(0) = 3

(A) h(x) =
)x(g

)x(f
 h’(x) = 2g

f'g)g('f 

= h’(0) =
)0(g

)0(f)0('g)0(g)0('f
2



= h’(0) =
9

)0(g

2
.)0(g2))0(g(4 2 

h’(0) =
9

436 
=

5

32
(A)

k(x) = f(x). g(x). sin x
k’(x) = f(x) g(x) sin x + f(x) g’(x) sin x + f’(x) g(x) sin x

k’(x) = 2

0x
Lim
 )x('f

)x('g
= 0x

Lim
 )x('f

)x('g
=

2

1

Comprehension # 1
Q.15 (B)

Q.16 (A)

Q.17 (C)
(18 to 20)

dx

dy
= –

y

f

x

f









= –
1y2x5

2–y5x2




=

8

5–
at (1, 1)

 2

2

dx

yd
= 









dx

dy

dx

d
=

2)1y2x5(

)
dx

dy
25)(2–y5x2(–)

dx

dy
52)(1y2x5(






)1,1(

2

2

dx

yd
=

256

111

For question 8

Slope of normal at (1, 1) = –
dy

dx
=

5

8

Equation of normal

y – 1 =
5

8
(x – 1) 5y – 5 = 8x – 8

8x – 5y – 3 = 0

Comprehension # 2

Q.18 (B)
D*C = (C) 2C
= 0.2 C

= 0

Q.19 (C)

D* 








)x(g

)x(f
=












)x(g

)x(f
.2 









)x(g

)x(f

= 











 

)x(g

)x(f)x('g)x(g)x('f
2 . 2 









)x(g

)x(f
× )x(g

)x(g

=
)x(g

)x(f))x('g)x(g2()x(g))x('f)x(f2(
4

22 

=
)x(g

)x(f).x(g*D)x(g).x(f*D
4

22 

Q.20 (D)
(21 to 23)

D*(f(x)) =
0h

lim
 h

))a(f)hx(f( 
.(f(x + h) – f(a))

D*(f(x)) = f(x).2f(x)
Now
D*(fg) = (fg).2fg

= (f(x).g(x) + g(x).f(x))2f(x) g(x)
= (2f(x)f(x))g2(x) + (2g(x).g(x))f2(x)
= D*f(x).g2(x) + D*g(x).f2(x)

Q.21 (A)  (p), (B)  (q), (C)  (r), (D)  (s)
(A) y = cos–1(cos x)

y¢ =
xcos1

1

2


. (– sin x) = |xsin|

xsin

 y at x = 5 is – 1

(B) y = f(x) = ln tan 











2

x

4


dx

dy
=

























2

x

4
tan

2

x

4
sec2

.
2

1
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=
2

1
























2

x

4
cos

2

x

4
sin

1
=












x

2
sin

1
=

sec x

(C)
dx

d
tan–1 







 

x–1

x1
= 2

x–1

x1
1

1








 


.
dx

d







 

x–1

x1

=
)x1(2

)x–1(
2

2


· 2)x–1(

2
= 2x1

1



at x = –1

dx

d
tan–1 







 

x–1

x1
=

2

1

(D)
dx

d

x

|x|n
= 2x

|x|n–
x

1
·x 

= 2x

|x|n–1 

at x = – 1

dx

d

x

|x|n
= 1

Q.22 (A)–P,Q ; (B)–P,Q,R,S,T ; (C)–P,S ; (D)–R
(B) 10

(C)

2 2x (x 1)4 4

2


 




  22 )1x(x 4.4


2 2 2 2

m

x (x 1) x (x 1) 1

min value 3/2

4 4 2   




  

so
2 2x (x 1)4 4    

’s min value = 2
3/2

so f(x)min = 3/2 = p/q
(D) Hence at 4 points function is not differentiable

1
2

x2–1 0 1
2

x1

y = cos x

y = |tan x|

y

1 x

Q.23 (A)  (s); (B)  (r) ; (C)  (s); (D)  (p)

(A) y = f(x3)


dx

dy
= f(x3) . 3x2


1xdx

dy


= f (1) . 3 = 9

(B) f(xy) = f(x) + f(y)

f(1) = f(1) + f(1)
f(1) = 0

 f(1) = f(e) + f 








e

1

 f(e) + f 








e

1
= 0

(C) f (x) = – f(x), f(x) = g (x)
g(x) = f  (x) = – f (x)

h (x) = (f (x))2 + (g (x))2

 h (x) = 2 f (x) . f (x) + 2g(x) . g (x)
= 2 f (x) . g (x) + 2g(x) (– f (x)) = 0

h (x) = c, x  R

h (10) = h (5) = 9.

(D) y = tan–1 (cot x) + cot–1(tan x),
2


< x < 

dx

dy
=

xcot1

xeccos
2

2




+

xtan1

1
2


. sec2 x

= – 1 – 1 = – 2

NUMERICAL VALUE BASED

Q.1 [2]

LHD =
   Lt

h 0

f 1 h f 1

h


 

 
2

Lt
h 0

a 1 h 1 a 1
2a

h


   
 

RHD =
   

2

Lt
h 0

1 h a 1 h b a 1

h
     



Lt
h 0

b
h 2 a 2 a

h
     

Limit exists only when b = 0

2a 2 a a 2;b 0 a b 2       

Q.2 [1]

 
1

f x x
1

2x
1

2x ....
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1

x f x 2x
1

2x
2x ..........

  




 
 

1
x f x 2x

2x f x
  



       x f x 2x f x 2x 2x f x 1      

on differentiation and puting x = 50

   1f 50 f 50
1

50


Q.3 [3]

L is
0

0

 
  
 

from, By L.H. Rule,

  
  

2

20

' 2 2 2 2
lim

' 1 1 2h

f h h h
L

f h h h

  


  

 
 

2 ' 2 2 6
3.

' 1 4

f

f


  

Q.4 [0]

2

sin sin

sin1 cos

dy x x

dx xx
 



Q.5 [8]

  y f f f x   

     1 1 1 1y f f f x .f f x .f x         

       1 1 1 1y 0 f f f 0 .f f 0 .f 0          = 2.2.2 =

8

Q.6 [1]

 
2

22 2 2

2

1 1
x y t t 2

t t

 
      

 

 4 4 2 2 2 4x y 2x y x y 2     2 2x y 1 

differenciating with respect to x


2 2dy

x .2y y .2x 0
dx

  3 dy
x y 1

dx
 

Q.7 [1]

 log x y 2xy;When x 0; y 1   

1 dy dy
1 2 x y

x y dx dx

   
         

at (0,1)

dy
1

dx
 

Q.8 [2]

Taking log on both sides

n log  x y log x log y  

differenciating wrt x
n dy 1 1 dy

1
x y dx x y dx

 
     

dy y x y nx
n 2

dx x ny x y

  
     

satisfies

Q.9 [0]

Given that,

( ) ( ). ( ) ( ). ( )f x y f x g y f y g x   .....(i)

( ) ( ). ( ) ( ). ( )g x y g x g y f x f y   ...(ii)

ln equation (i) putting x = y we get

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

(0) 0f 

Putting y = 0 in equation (i) we get

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

( ) ( ) (0)f x f x g  [using f(0) = 0]

(0) 1g 

Putting x = y in equation (ii) we get

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

2 21 [ ( )] [ ( )]g x f x   [using g(0) = 1)

2 2[ ( )] 1 [ ( )]g x f x   .......(iii)

Clearly g(x) will be differentiable only if f(x) is dif-

ferentiable.
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 First we will check the differentiablity of f(x)

Given that R f’(0) exists

0

(0 ) (0)
. ., lim

h

f h f
i e

h

 
exists

0

(0) ( ) ( ) (0)
. ., lim

h

f g h f h g
i e

h

  
exists

0

( )
. ., lim

h

f h
i e

h

 
exists

(using f(0) = 0 and g(0) = 1)

Which can be written as,

0

(0) ( )
lim '(0)
h

f f h
Lf

h

 




'(0) '(0)Lf Rf 

 f is differentiable, at x = 0

Differentiating equation (iii) we get

2 ( ). '( ) 2 ( ). '( )g x g x f x f x

For x = 0

(0). '(0) (0) '(0)g g f f 

'(0) 0g 

[Using (0) 0f  and (0) 1g  ]

Q.10 [2]

Given that 3 / 2( ) xf x x e 

Let 1( ) ( )g x f x then we should have

( )gof x x

( ( ))g f x x 

3 / 2( )xg x e x  

Differentiating both sides with respect to ,x we get

3 / 2 2 / 2 1
'( ). 3 . 1

2
x xg x e x e

     

3 /3

2 / 2

1
'( )

1
3 .

2

x

x

g x e
x e

  


For 0,x  we get
1

'(1) 2
1/ 2

g  

Q.11 [0]

We are given the function

     
sin 1

2
3

sin sec 2 2 tan log 2 0
2

x
xy x x

 
  
       

Differentiating w.r.t. x and put x = - 1 we get 0
dy

dx


Q.12 [9]

 
  

       

2 2 32x 3x x 3x x
y

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

      log y 3 log x log(x 2) log(x 3) log(x 4)

     
 2

dy
1 1 1 1 1 1dx

y x x x x 3 x x 4


  

  

2 3 4

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

      
  

x dy 2 3 4
a b c 9

y dx 2 x 3 x 4 x

Q.13 [0]

Given that,

( ) ( ). ( ) ( ). ( )f x y f x g y f y g x   .....(i)

( ) ( ). ( ) ( ). ( )g x y g x g y f x f y   ...(ii)

ln equation (i) putting x = y we get

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

(0) 0f 
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Q.14 [2]

               ' ' ' ' 'y x f f f f x f f f x f f x f x

               ' ' ' ' '0 0 0 0 0y f f f f f f f f f f 

          ' ' ' '0 0 0 0f f f f f f f

        ' ' ' '0 0 0 0f f f f f

       ' ' ' '0 0 0 0f f f f

  
4' 40 2 16f  

JEE-MAIN
PREVIOUS YEAR’S

Q. 1 (1)
lnf(x + 1) = ln(xf(x))
lnf(x + 1) = lnx + lnf(x)
g(x + 1) = lnx + g(x)
g(x + 1) _ g(x) = lnx

g”(x + 1) _ g”(x) = 2

1

x


Put x = 1, 2, 3, 4

g”(2) _ g”(1) = 2

1

1
 ...(1)

g”(3) _ g”(2) = 2

1

2
 ...(2)

g”(4) _ g”(3) = 2

1

3
 ...(3)

g”(5) _ g”(4) = 2

1

4
 ...(4)

Add all the equation we get

g”(5) _ g”(1) = 2 2 2 2

1 1 1 1

1 2 3 4
   

g"(5) g"(1)
205

144


Q.2 (3)

Q.3 [40]

Q.4 [7]

Q.5 (3)

JEE-ADVANCED

PREVIOUS YEAR’S

Q.1 (B,C)

f(x) = x sin x , x > 0
f ' (x) = sin x + x cos x = 0
tan x = –x

Q.2 (B, C) f : R R
f (x) = x3 + 3x + 2
f is invertible.
Since g (f (x)) = x

 f (x) = g–1(x) or f –1(x) = g (x)

(A) Since g (f (x)) = x

 '( ( )). '( )g f x f x = 1

For f (x) = 2, x = 0 so,  
 
1

' 2
' 0

g
f

  '(2)g =

1

3

(B, D) Now,

          h g g x x h g g f x f x  

         3 3 38h g x f x h g f    

Again,

           h g x f x h g f x f f x  

           ' ' . 'h x f f x h x f f x f x   

          ' 1 ' 1 . ' 1 ' 6 . ' 1 111 6 666h f f f f f     

(C)           10 0 0 2g g x g x g g x f     

   1 2 2 16x g f   

So,      0 16h g g x x h  

Q.3 (B, C, D)

    2

t x

f x sin t f t sin x
lim sin x

t x
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    2

t x

f x cos t f t sin x
lim sin x

1




    2f x cos x f x sin x sin x  

   
2

f x sin x f x cos x
1

sin x

  
   

 

 f x
d 1

sin x

 
   

 

 f x
x c

sin x
  

Put x = & f
6 6 12

   
  

 

c = 0  f(x) = –xsinx

(A)
1

f
4 4 2

  
 

 

(B) f(x) = –x sinx

as sinx > x–
3 4

2x x
, x sin x

6 6
   

   
4

2 x
f x x x 0,

6
      

(C) f (x) sin x x cos x   

 f x 0 tan x     there exist  0,  for

which  f 0  

(D)  f x 2cos x xsin x   

f ,f
2 2 2 2

            
   

f f 0
2 2

         
   


