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CHAPTER – 1 
Basics of Differentiation 

1.1 Introduction 

If f(x) is a function of x, then 
h

afhaf
 Lim

0h

)()( 


is defined as the differential coefficient of f(x) 

at x = a, provided this limit exists and is finite. 

 The differential coefficient of f(x) with respect to x is generally written as
dx

d
f(x) or f  (x) or 

Df(x). 

Note: Generally,
dx

d
f(x)=

h

xfhxf
 Lim

0h

)()( 


 is known as the first principle of differential 

calculus. 

1.2  Differential Coefficient of a Function at a Point 
The value of the derivative of f(x) obtained by putting x = a is called the differential coefficient 

of f(x) at x = a and is denoted by )a(f   or .
dx

dy

ax








 

List of Formulae 

 1. 
dx

d
xn = nxn–1 2. 

dx

d
logex =

x

1  3. 
dx

d
ex = ex  

 4. 
dx

d
ax = axlogea

 5. 
dx

d
x = 1 6. 

dx

d
sin x = cos x 

 7. 
dx

d
cos x = –sin x 8. 

dx

d
tan x = sec2 x 9.  

dx

d
cot x = –cosec2x 

 10. 
dx

d
sec x = sec x tan x 11. 

dx

d
cosec x = – cosec x cot x 

 12. 
dx

d
C = 0, where C is constant   13. 

dx

d
loga x =

x

1
loga e 

3
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Example 1: Differentiate 
x

nmxx2 l
 w.r.t.x. 

Solution:  y = 
x

nmxx2 l
 

    y = 2

3

xl  + 2

1

mx  + 2

1

nx
–

 

    
dx

dy
 = l

dx

d
2

3

x  + m
dx

d
2

1

x  + n
dx

d
2

1

x


 

    = l. 
2

3 1
2

3

x


 + m. 
2

1 1
2

1

x


 + n 
1

2

1

x
2

1 








 

  

     
dx

dy
 = 

2

3l
2

1

x  + 
2

m
2

1

x


–
2

n
2

3

x


  

1.3  Differentiation from First Principle  

       
dx

dy
 = 

h

xfhxf
Lim

0h

)()( 


 

Example 2: If y = ,x  find 
dx

dy

 
by first principle  

Solution: Given f(x) = x  

   by definition 
dx

dy

 
= 

h

xfhxf
  Lim

0h

)()( 


 

                  = 
h

xhx
  Lim

0h




 

               = 
h

xhx
  Lim

0h




 ×
)(

)(

xhx

xhx
 




 

               = 
)( xhxh

xhx
  Lim

0h 



 

     = 
xhx

1
  Lim

0h 
 = 

x2

1
  

Example 3: Differentiate sin2 x from first principle 

Solution:  Given f(x) = sin2x, f(x + h) = sin2 (x + h)  
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   by definition 

    
dx

dy
  = 

h

xsinh)(xsin
  Lim

22

0h




 

            = 
h

x)–h(x sin x)h(xsin 
  Lim

0h




   

            (sin2A–sin2B = sin (A + B) sin (A – B) 

    = 
h

h sin h)(2xsin 
  Lim

0h




 

    = 
0h

Lim


 (sin 2x + h). 
h

hsin 
  Lim

0h
 

    = 
0h

Lim


 sin (2x + h) = sin 2x     

 (i) Differential coefficient of the product of two functions (product rule) 

         (x)f
dx

d
(x)f(x)f

dx

d
(x)f(x)](x).f[f

dx

d
122121   

 (ii) Differential coefficient of the quotient of two functions  (quotient rule) 

        
2 1 1 2

1
2

2 2

d d
f (x) f (x) – f (x) f (x)f (x)d dx dx 

dx f (x) [f (x)]
   

Example 4: Differentiate x2log x w.r.t. x. 

Solution: 
dx

d
(x2. logx) = x2

dx

d
log x + log x 

dx

d
x2 

    = x2.
x

1
 + log x. 2x 

    = x + 2x log x 

    = x (1 + 2log x)   

Example 5: If y = ,
5x

x


 then prove that  x

dx

dy
 = y(1 – y). 

Solution: y = 
x

x + 5
then 

dx

dy
 = 

25x

5x 
dx
d

 xx 
dx
dy

 5x

)(

)()(




 

      = 
2)5x(

)01( x1 . )5x(




= 
25x

x 5x

)(

)(
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2

dy 5
 = then

dx (x + 5)


2

dy 5x
x  = 

dx (x + 5)
 

          = 
5x

5
  

5x

x


. = y

x
1

x + 5
   
  dx

dy
 x  = y (1 – y)   

1.4  Differential Coefficient of a Function of Function 

If y = f(z), where z = F(x), then by eliminating z, we get y = f {F(x)}  

 e.g., sin x3, esinx, cos2x are the function of function. 

 Again, let   y = f(t), where t = g(x) 

 Then  
dx

dy
=

dt

dy
.
dx

dt
, this is known as ‘chain rule’. 

Example 6: Differentiate log (log sin x) w.r.t. x. 

Solution: Let y = log (log sin x) 

  Put log sin x = t 

   y = log t 

   
dx

dy
 = 

dx

dt
  

dt

dy
.  

   = 
dt

d
log t .

dx

d
log sin x 

          =
dx

d
  

t

1
log sin x  

  Again, put sin x = u 

   
dx

dy
=

du

d
 . 

t

1
log u

dx

du
 

    = 
dx

d
 . 

u

1
 . 

t

1
sin x=  .

sin x

1
 . 

sin x log

1
cos x   

    = 
cot x

log sin x
   

Example 7: If y = log ,  
mx cos1

mx cos1




 then find
dy

.
dx

 

Solution:  y = log   
mx cos1

mx cos1
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dx

dy
 = 

dx

d
log   

2

mx
 cos 2

2

mx
2sin

2

2

 

   = 
dx

d
 log tan

2

mx
  

  Put  tan
2

mx
= t 

   
dx

dy
 = 

dt

d
 log t. 

dx

d
 tan

2

mx
 

   = 
t

1
.
dx

d
tan

2

mx
 

  Again put 
2

mx
 = u 

   
dx

dy
 = 

2
mx

tan

1
. 

du

d
tan u. 

dx

d

2

mx
 

   = 

2
mx

tan

1
 sec2 u. 

2

m
 

   = 
2

m

2
mx

tan

1
. sec2 

2

mx
 

   = 
2

m
. 

2

mx
ins

2

mx
 cos

. 

2

mx
cos

1

2

 

    = m cosec mx   

1.5 Differential Coefficient of Inverse Trigonometric Functions 
or Trigonometrical Transformation 

Formula 1. 
dx

d
 sin–1 x = 

2x1

1


  2. 

dx

d

 
cos–1 x = 

2x1

1




 

 3. 
dx

d
 tan–1 x =

2x1

1


  4. 

dx

d
 cot–1 x =

2x1

1
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 5. 
dx

d
 sec–1 x =

1x x

1
2 

  6. 
dx

d
 cosec–1 x =

1xx

1
2 


 

Example 8: Differentiate sin–1 






 2x1

x2
 w.r.t. x. 

Solution: Let y = sin–1 







 2x1

x2
 

  Put  x = tan     = tan–1 x 

   y = sin–1 






 θtan1

 tanθ2
2

 

      = sin–1 (sin 2)   










θtan1

θ tan 2
2θsin  

2
   

   y = 2 y = 2 tan–1 x 

   
dx

dy
= 2

dx

d
 tan–1x=

2x1

2


   

Example 9: If y = cot–1
21 x 1

,
x

  
  
 

 then find 
dy

.
dx

 

Solution:  y = cot–1













 
x

1x1 2

 

    Put  x = tan  = tan–1 x 

   y = cot–1













 
θtan 

1θtan1 2

 

    = cot–1 





 

θtan 

1secθ
 

    = cot–1

















 

θ cos

θsin 

1
θ cos

1

 

   = cot–1 










sin 

 cos1
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      = cot–1



















2

θ
cos 

2

θ
sin  2

2

θ
cos 2 2

 

      = cot–1 cot
2



 

   y = 
2


  y = 

2

1
 tan–1 x 

   
dy

dx
= 

2

1
 . 

2x1

1


   

Example 10: Differentiate sin–1  2x 1– x – x 1– x w.r.t.x. 

Solution:  Let y = sin–1  2x 1– x – x 1– x  

              Put x = sin A, x  = sin B    A = sin–1 x,   B = sin–1
 

   y = sin–1  2 2sin A 1 sin  B sin B 1 sin  A    

      = sin–1  Bsin A  cosB cosA sin   

   = sin–1 sin (A – B) 

   y = A – B 

   y = sin–1 x – sin–1 x  

      xsin
dx

d
xsin

dx

d

dx

dy 11    

    =
dt

d

x1

1
2



sin–1 t. 

dx

dt
    put x = t 

    = x
dx

d
 . 

t1

1

x1

1
22 




  

    = 
2

1 1 1
 . 

1 x 2 x1 x



 

    = 
22 xx 2

1

x1

1





   

 

x
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1.6  Differentiation of Implicit Functions 
There may be a relation between x and y when it is not possible to express it in the form of           
y = f(x) ‘or’ to solve an equation for y in terms of x, relation is called implicit function. 

 For 
dx

dy
 by differentiating the given relation w.r.t. x 

Example 11: Find 
dx

dy
, when x2 + y2 = a2 

Solution:  Given  x2 + y2 = a2  

   Differentiating both the sides w.r.t. x, we get 

    
dx

d
x2 + 

dx

d
y2 = 

dx

d
a2 

    2x + 2y 
dx

dy
 = 0 

    
dx

dy
=

y2

x2
 

Example 12: Find 
dx

dy
, when ax2 + 2hxy + by2 + 2gx + 2fy + c = 0  

Solution:   Given ax2 + 2hxy + by2 + 2gx + 2fy + c = 0  

    Differentiating both the sides w.r.t. x, we get 

    a
dx

d
x2 + 2h 

dx

d
xy + b

dx

d
y2 + 2g

dx

d
x + 2f

dx

d
y +

dx

d
c = 0 

    2ax + 2h 





  x

dx

d
y

dx

dy
x  + 2by 

dx

dy
 + 2g + 2f 

dx

dy
 + 0 = 0 

    2ax + 2hx
dx

dy
 + 2yh + 2by 

dx

dy
 + 2g + 2f 

dx

dy
 = 0 

    (2ax + 2hy + 2g) + (2hx + 2by +2f)
dx

dy
 = 0 

    2 (hx + by + f)
dx

dy
 = – 2 (ax + hy + g) 

    
dx

dy
 = 

)(

)(

fbyhx

ghyax
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1.7  Logarithmic Differentiation 
If the power of a function of x is also a function of x, then it would be convenient for us if we 
first take logarithms w.r.t the base e and then differentiate both sides w.r.t x. 

Let us recall the formulae 

 (i) logmn = n log m  

 (ii) log(mn) = log m + log n 

 (iii) log
n

m
 = log m – log n 

Example 13: If y = xx, then prove that 
dx

dy
 =  xx (1+ logx) 

Solution:  Given y = xx 

  Taking log on both the sides, we get 

 log y = log xx 

 log y = x . log x 

   Differentiating both the sides w.r.t x, we get 

 x
dx

d
xlogxlog

dx

d
xylog

dx

d
  

 1.xlog
x

1
.x

dx

dy
 

y

1
  

 xlog1
dx

dy
 

y

1
  

 
dx

dy
 = y(1 + log x) 

        = xx(1 + log x) 

1.8   Differentiation of Parametric Equation 
When variables x and y are expressed in terms of a third variable like t or , then this third 
variable is called parameter.  

 e.g., x = g(t) and y = h(t), these are called parametric equations. 

Formula 
dt/dx

dt/dy

dx

dy
  

Example 14: If x = at2, y = 2at, then find .
dx

dy
 

Solution:  Given x = at2, y = 2at 
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dt

dx
 = 2at, a2

dt

dy
  

    
dtdx

dtdy

dx

dy
  

          
t

1


 

1.9   Differentiation of Infinite Series 
When the function is given in infinite series. In this case we use the fact that if a term is deleted 
from an infinite series it remains uneffected. 

Example 15: If 



.......xxxxxy , find .

dx

dy
 

Solution:  Here  y = xy 

     log y = y log x 

   Differentiating w.r.t x, we have 

    
dx

dy
 xlogxlog

dx

d
y

dx

dy
 

y

1
  

      
dx

dy
 xlog 

x

y
  

    
x

y
xlog

y

1

dx

dy









  

    
x

y

y

xlogy1
 

dx

dy








 
 

    
)xlogy1(x

y
   

dx

dy 2


  

Example 16: If  .......xsinxsinxsiny , Prove that 
1y2

xcos

dx

dy


  

Solution:  Here  yxsiny   

    y2 = sinx + y 

    
dx

dy
xcos

dx

dy
y2   

    
1y2

xcos

dx

dy
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Example 17: If 


......xexexey , show that 
y1

y

dx

dy


  

Solution:  Here y = ex+y 

   Taking log on both sides  

    log y = (x + y) log e    )1elog(   

    log y = x + y 

   Differentiating w.r.t x, we get   

    
dx

dy
1

dx

dy

y

1
  

    11
y

1

dx

dy









  

    1
y

y1

dx

dy








 
 

    
y1

y

dx

dy


  

Example 18: If  ......xxxy  then prove that 
1y2

1

dx

dy


  

Solution:  Here yxy         …..(1) 

   Taking log on both sides  

    log y = 
2

1
 log(x + y) 

   Differentiating w.r.t x, we get 

    





 




dx

dy
1

yx

1
.

2

1

dx

dy

y

1
 

    
)yx(2

1

dx

dy

)yx(2

1

y

1













     …..(2) 

   From eq. (1) x + y = y2 

   Putting in eq. (2) we get  

    
22 y2

1

dx

dy

y2

1

y

1









  

    
22 y2

1

dx

dy

y2

1y2








 
 

    
1y2

1

dx

dy
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1.10 Successive Differentiation 
Differentiating the first derivative of a function we obtain second derivative, differentiating the 
second derivative, we get the third derivative and so on. This process of finding derivatives of 
higher order is known as successive differentiation. 

Example 19: If y = x + tanx, Prove that cos2 x 
2

2

dx

yd
 + 2x = 2y 

Solution:  Given  y = x + tanx 

   Differentiating w.r.t x, we get 

    
dx

dy
 = 1 + sec2 x 

   Differentiating again, we get 

    







dx

dy
 

dx

d
= 0 + 2 sec x .sec x tan x 

    
2

2

dx

yd
 = 2 sec2 x tanx 

             
xcos

xtan2
2

  

    cos2x 
2

2

dx

yd
 = 2 tan x 

    cos2x 
2

2

dx

yd
 = 2 (y – x) 

    cos2x
2

2

dx

yd
 = 2y – 2x 

    cos2x 
2

2

dx

yd
 + 2x = 2y 

Example 20: If y = aemx + be–mx, show that
2

2

dx

yd
 = m2y 

Solution:  Let   y = aemx + be–mx   

   differentiating w.r.t. x, we get 

    
dx

dy
 = am emx–bm e–mx  
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   differentiating again w.r.t. x, we have 

    
2

2

dx

yd
 = am2 emx + bm2 e–mx 

       = m2 (aemx + be–mx)  

    
2

2

dx

yd
 = m2y   

Example 21: If y = A cosnx + B sin nx, show that 
2

2

dx

yd
+ n2y = 0 

Solution:  Let  y = A cosnx + B sin nx 

   differentiating w.r.t. x  

    
dx

dy
 = – An sin nx + Bncosnx 

   differentiating again w.r.t. x  

    
2

2

dx

yd
= –An2 cosnx – Bn2 sin nx 

    = –n2 (A cosnx + B sin nx) 

    = –n2 y 

    
2

2

dx

yd
 + n2y = 0    

Example 22: If y = A cos (log x) + B sin (log x) prove that x2
2

2

dx

yd
 + x

dx

dy
+ y = 0 

Solution:  Let y = A cos (log x) + B sin (log x) 

   differentiating w.r.t. x, 
dx

dy
 = – A sin (log x).

x

1
+ B cos (log x).

x

1
 

             x 
dx

dy
 = – A sin (log x) + B cos (log x) 

   differentiating again w.r.t. x, we have 

    x 
2

2

dx

yd
+

dx

dy
= – A cos(log x) .

x

1
 – B sin (log x).

x

1
 

    x2
2

2

dx

yd
+ x 

dx

dy
= – [A cos(log x) +B sin (log x)] 

      = –y 



16  Engineering Mathematics ‐ I 

    x2
2

2

dx

yd
+ x 

dx

dy
+ y = 0    

Example 23: If y = Aepx + Beqx show that 
2

2

dx

yd
– (p + q)

dx

dy
+ pqy = 0  

Solution:  Let y = Aepx + Beqx 

   differentiating w.r.t. x,  

    
dx

dy
 = Apepx + Bqeqx     …..(i) 

   differentiating again w.r.t. x, we have 

    
2

2

dx

yd
= Ap2epx + Bq2eqx     …..(ii)  

   Now 
2

2

dx

yd
– (p + q) 

dx

dy
+ pqy 

    = Ap2epx + Bq2eqx – (p + q) (Apepx + Bqeqx) + pq (Aepx + Beqx) 

    = Ap2epx + Bq2eqx – Ap2epx – Bq2eqx – Apqepx – Bpqeqx + pqAepx + 
pqBeqx = 0  

Practice Problems 

Find the differential coefficient of the following 

 1. 3x ,  9x–8 2. 5x3 – 4x2 + 3x + 1  

 3. 
x

2)(x 4x  )(

 
4.  

2

1

2

1

x

5)(4x 1x3  )(
 

 5. 
x

7x6x2 23 
 6. x5 – 2 log x  

 7. ex + xn 8. (x sin x + 7x2 – 3) .
x

1
 

 9. 
3 x

xba 
 10.  

x

1e x x 
 

 11. 
2

x22

x

.exx– xogl x 
 12.  3ex + 7 log x + x–3 

 13. eax sin bx 14. 3 log x sin x  

 15. x2 log x                                  16. aex sin x + bxncos x 
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 17. (x2 + 1) (ex + 2 sin x) 18. x (1 – x) (x2 + 2) 

 19. (1 – 2 tan x) (5 + 4 sin x)      20. 
5x

9x6x2
2

3




  

 21. 
xlog

x

a

n

 
22. 

xcossin xx 

 xcosx –sin x


 

 23. 
 xogl

 xcos .x 
 24. 

tan x1

tan x–1


  

 25. 
xa

a x





 
26. 

n

x

xx cot

x tane




 

 27. 
x glo

logx 5xe 3x 
 28. 

c)(x )bx( )ax(

1


  

 29. 
 xlog1

 xlog1




 30. 
2

x

1
x 








   

 31. (2x – 3) 2x7   32. 
x1

x1




 

 33. 
2x1x

1


 34. 

22

22

xa

xa




  

 35. tan x3 36. log tan x                                  

 37. sin (tan x) 38. x log   

 39. eax + b 40. log xein s  

 41. log 










qpx

bax
 42. 

x sin

x sin
  

 43. cot (x2 sin 2x) 44. 
x sin1

x sin1




 

 45. log
x sin1

x sin1




 46. log
1xx

1xx
2

2




 

 47. log  1x1x   48. cot x x  cosec   

 49. logloglog x 50. 
n

sin x

sin x

e
 

 51. xsec  52. If y = tan–1 ,
x

x–1 2

 find 
dx

dy
  

 53. Differentiate sin–1(3x – 4x3)  
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 54. If y = tan–1 ,
x cos1

x cos–1


find

dx

dy
differentiate the following: 

 55. sin–1
2x1

2x


  56. tan–1

2x1

x


  

 57. sin–1










 2

2

x1

x–1
  58. cos–1










 2

2

x1

x–1
  

 59. 2 tan–1

x1

x1




  60. sin–1 




  2x1 x2    

 61. cos–1 (4x3 – 3x2) 62. tan–1 








ax1

xa
 

 63. cos–1 
















1

1

xx

xx
  64. sin–1 





  2x1xx1x   

 65. If y = 1 + 
!1

x
 + 

!2

x 2

 + 
!3

x3

 + …Then show that 
dx

dy
= y  

 66. 
x tanx

3x


 67. sin xo 






 

180

π
x:Hint o

 

Find the Differential coefficient of the following functions by First Principle 

  68. x7 69. cos (ax + b)  

 70. tan ax 71. cos2 x 

 72. cos–1 x           73. e3x  

 74. sin x2 75. x cos  

 76. tan 3x                 77. 2

3

x


 

 78. If sin y = x sin (a + y), prove that
asin

y)(a sin

dx

dy 2 
  

 79. If 
2

1
(ey – e–y) = x, prove that 

2x1

1

dx

dy


    

 80. If y =  ...x sinx sinx sin  prove that (2y – 1)
dx

dy
 = cos x. 

 81. If y 2x1  + x 2y1 = 1, prove that 
2

2

x1

y1

dx

dy




 = 0  

  Find 
dx

dy
for implicit differentiation when; 
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 82. xy = c2  83. 
2

2

2

2

b

y
  

a

x
  = 1 

 84. 3

2

3

2

3

2

ay x    85. xy3 – yx3 = x 

 86. y sec x + tan x + x2y = 0  87. tan (x + y) + tan (x – y) = 1 

 88. If (x + y)m + n = xmyn, prove that
x

y

dx

dy
   

 89. Find the value of 
dx

dy
 at (2, –2) for the curve x2 + xy + y2 = 4 

 90. If y =  ...x logx logx log  show that (2y – 1)
x

1

dx

dy
  

 91. If y = ax + y, show that 
a ogl y–1

a ogl y

dx

dy
  

 92. If cos(xy) = x, show that 
(xy) sin x

(xy) sin y1

dx

dy 
 = 0 

 93. If x = y log (xy), find
dx

dy
  

 94. If x3 + y3 = sin (x + y), find 
dx

dy
  

 95. If x3y2 = log (x + y) + sin ex, find
dx

dy
   

 96. If xa.yb = (x + y)a + b, prove that 
x

y

dx

dy
  provided that xbya   

    Find
dx

dy
 of the following functions; 

 97. (log x)x 98. (2x + 3)x – 5 

 99. (cos x)log x 100. 
xxe  

 101. (2 – x)
2

1

x1

x3











 102. x2 ex sinx 

 103. x sin–1 x + (log x)x 104. (tan x)cot x + (cot x)sin x 

 105. 
c)(x b)(x ax

1

 )(
 106. tan x tan 2x tan 3x tan 4x 

 107. 
xxx                        108. y = 

2xx1x   

 109. 
3)–(x 2)(x 1)–(x

3)(x 2)(x 1)(x
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110. 

2

3

3

1

2

5

1)(x 4)(x

2)(x





 

Find 
dx

dy
 for the following parametric equations; 

 111. x = a sec2, y = b tan2 112. x = a sin3, y = a cos3  

 113. x = ,2θ sin  y = 2θ osc  114. x = at4, y = bt3  

 115. x = ,
3t1

at 3


 y = 

3

2

t1

at 3


 116. x = sin–1

2u1

u2


, y= tan–1

2u1

u2


 

 117. x = log t, y = et + cos t   

Find the derivative of the following functions 

 118. sin x2 w.r.t. x2 119. xsin x w.r.t. (sin x)x  

 120. etan x w.r.t. tan x 121. tan–1

x

1x1 2 
 w.r.t. tan–1 x 

 122. If x = ecos2t and y = esin2t, prove that 
dx

dy
= 

y logx 

 xlogy –
 

 123. If  x = aet (sin t + cos t), y = aet (sin t – cos t) prove that 
dx

dy
 = tan t 

 124. If x = a 





 

t

1
t  and y = a 






 

t

1
t  prove that .

y

x

dx

dy
   

 125. Find second derivative of ax3 + bx2 + cx + d   

 126. If y = a cospx + b sin px,prove that 
2

2

dx

yd
+ p2y = 0 

 127. If y = log (1 + cos x)then  prove that y1 y2 + y3 = 0  

  









3

3

32

2

21
dx

yd
y  ,

dx

yd
y  ,

dx

dy
  y  :Hint  

 128. If y = tan x + sec x then prove that 
22

2

x) sin–(1

 xcos

dx

yd
  

 129. If y = x2log xthen prove that 
x 

2

dx

yd
3

3

   

 130. If y = eax sin bx then prove that y2 – 2ay1 + (a2 + b2)y = 0  

 131. If y = 
x1cosme


then   prove that (1–x2) y2 – xy1 – m2y = 0 

 132. If y = sin (sin x)then  prove that y2 + y1 tan x + y cos2 x = 0 
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 133. If y = t2 – 1, x = 2t then prove that 
2 

1

dx

yd
2

2

      

 134. If y = a cos (log x) + b sin (log x) then prove that x2y2 + xy1 + y = 0 

 135. If y = a sin (log x) then prove that x2y2 + xy1 + y = 0 

 136. If y = (sin–1 x)2 then  prove that (1–x2)
2

2

dx

yd
 – x 

dx

dy
 = 2   

 137. If y = x + tan x then prove that cos2 x 
2

2

dx

yd
 – 2y + 2x = 0 

 138. If y =
2

–1

x1

xsin


then prove that (1–x2)

2

2

dx

yd
 – 3x 

dx

dy
 – y = 0 

 139. If y = Ae–ktcos (pt + c)  then show that 
2

2

dt

yd
 – 2k 

dt

dy
 – n2y = 0,  

  where n2 = p2 + k2. 

 140. If y = x1tane


thenprove that (1 – x2) y2 – xy1 – 2 = 0 

 141. If y = 
log x

,
x

then prove that 
32

2

x

3– xlog 2

dx

yd
  

 142. If y = tan–1 x then prove that 0
)x(1

2x

dx

yd
222

2




  

 143. If y = sin (x + y) then prove that 0
xd

dy
1 y

dx

yd
3

2

2







   

 144. If 1,
b

y

a

x
2

2

2

2

 then show that 
2 4

2 2 3

d y –b
.

dx a y
  

Answers 

 1. 
5

2
3

x ,
2


 –72x–9 2. 15x2 – 8x + 3 

 3. 1 + 
2x

8
  4. 12 + 2

3

2

1

x
2

5
   x

2

15


  

 5. 
2

3
2

1

2

3

x2

7
x9x5    6. 5x4 – 

x

2
 

 7. ex + nxn–1 8. cos x + 7 +
2x

3
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 9. 
2

2

5

x

b
ax

2

3


 

  10. ex+
2x

1
 

 11. 
2

x2

x

1exx 
  12. 3ex + 

x

7
 – 3x–4 

 13. eax (a sin bx + b cosbx) 14. 3 





  x log x cosx sin 

x

1
 

 15. 
x

1
 (2 + log x) ,    16.aex (cos x + sin x) + bxn–1 (–x sin x + n cos x)   

 17. ex (x2 + 2x + 1) + 2 cos x (x2 + 1) + 4x sin x 

 18. 2

3

x2 (1 – x) + 
x2

1
(1 – 3x) (x2 + 2)  

 19. 4 (cos x – 2 sin x) – 2 sec2 x (5 + 4 sin x) 

 20. 
22

24

5)(x

15)9x12x(x 2




 21. tan
2

x
 sec2 

2

x
 

 22. 
2

a

a
1n

a
1n

x)(log

elog xxlog nx  
 23. 

2

2

x) cossin x(x 

x


 

 24. 
2 x)(log

x cosx) sin xx (cos x log 
 25. 

2xsin 1

2




 

 26.  2xa x

a

  

 

 27. 
2n

x1–n2n2x

)x-(cot x

tan x)e( )nxx cosec() x–cot x( )secxe( 
 

 28. 
2

3x122x

x) (log

x) log 5x(exx log )5xx log 15x(e  

 

 29. 
222

2

c)(x b)(x a)(x

ca)bc(abx c)b(a 23x




 30. 
2 x)log(1x 

2


 

 31. 


















xx

1

x

1
  

x

1
x  32. x (2x – 3) 2

1
2x7



 )(  + 2x72   

 33. – 
2

1
2 )x(1 x1

1

 )(

 34. – 
22 x1 x1x

1

 )(
 

 35. 
2

3
22

22

)x–(a

)xx(3a 
 36. 3x2 sec2 x3 

 37. cot x. sec2 x 38. cos (tan x) sec2 x 
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 39. 
 xlog 2x

1
 40. aeax+b  

 41. 
x

xx

esin  2

cose e
 42. 

qpx

p

bax

a





 

 43. 
xsin x sinx2

x cos x sinx sin x cos x
2


 

 44. – cosec2 (x2 sin 2x) (2x sin 2x + 2x2cos 2x)  

 45. 
x sin1

1


 46. sec x 

 47. 
1–x

2
2

 48. 
1–x2

1
2

 

 49. 
cot x  x.cosec2

 x)cot  x(cosec x cosec– 22 
 50. 

 xlog log  x.logx 

1
 

 51. 
n2

1–nnsinxsinxn

 xsin

nx . cosx . ecosx .e .sinx 
 52. 

xsec x4

x tan x sec
 

 53. 
2x1

1




 54. 

2x1

3


 

 55. 
2

1
 56. 

2x1

2


 

 57. 
22 x1 x21

1

 )(
 58. 

2x1

2




 

 59. 
2x1

2


 60. 

2x1

1




 

 61. 
2x1

2


 62. 

2x1

3




 

 63. 
2x1

1


 64. 

2x1

2




 

 65. 
22 xx2

1

x1

1





  67. 

2

2x

x) tan(x

x)] sec(13 log x) tan[(x 3




 

 68. 
180


cos xo 69. 7x6 

 70. – a sin (ax + b) 71. a sec2 ax 
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 72. – sin 2x 73. 
2x1

1




 

 74. 3e3x 75. 2x cos x2 

 76. 
x 2

x ins
 77. 3 sec2 3x 

 78. 2

5

x 
2

3


 83. 
x

y
 

 84. 
y

x
  

a

b
2

2

.


 85. 
3

1

x

y
– 








 

 86. 
32

32

xxy3

yyx31




 87. 
)xx (sec

2xyx secx tan x sec y
2

2




 

 88. 
y)(x sec– y)(x sec

y)(x secy)(x sec
22

22




 90. 
2x y

,
x 2y

 


 1 

 94. 
  xy)log(1 x

yx




 95. 
y)(x cos3y

3xy)(x cos
2

2




 

 96. 

yx

1
y2x

y3xcosee
yx

1

3

22xx







 98. (log x)x










x log

1
x log log  

 99. (2x + 3)x–5




 




3)(2x log
32x

5)(x 2

 
100. (cos x)log x 





   xlog tan x   xcos log .

x

1

       

 101. 
xx xe  . x  (1 + log x) 102. 

x3x)(1

7x

2

3

2




 

 103. x2 ex sin x 



  x cot1

x

2

 

 
104. 
























x log log

 xlog

1
 x) (log

x–1

 xlog

x

 xsin
 x x

2

–1
x1sin  

105. (tan x)cot x cosec2 x (1 – log tan x) + (cot x)tanx . sec2 x (log cot x – 1)   

106. 
c)(x b)(x a)(x

1
















 cx

1

bx

1

 ax

1
 

107. 2 tan x tan 2x tan 3x tan 4x (cosec 2x + 2 cosec 4x + 3 cosec 6x + 4 cosec 8x)  



  Basics of Differentiation  25 

108.  1xxxx x xlog x log(1x x     

109. 
2xx1x 





  x1

x

1
  x log 1)(2x  

110. 














222 x9

6

x4

4

x–1

2
  

3)–(x 2)–(x 1)(x

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

111. 












1)(x 2

3
–

4)(x 3

1
–

2)(x 2

5
  

 1)(x 4)(x

 2)(x

2

3

3

1

2

5

 

112. 
a

b
      113. – cot

114.  2

3

2tan    115. 
at4

b3
 

116. 
3

3

2t1

)t(2t 




     117. 1 

118. t (et – sin t)  119. cos x2 

120. 
sin x) logcot x(x  x) (sin

x log x cos
x

x sin
 x

x

sinx









 

  121. 
xcos

e
3

x tan

 

122. 
2

1
      126. 6ax + 2 
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