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6.2. Table of derivatives of elementary functions and basic rules of 

differentiation 
 

If we continue to solve the examples similar to the ones presented in the previous unit, we 

can prove the validity of the following table of derivatives of elementary functions, which we 

can “take for granted”: 

 

1)  0=C  ( )RC  

2)  1=x   

3)  ( ) 1− =


xx  R  

4)  ( ) xx ee =


  

5)  ( ) lnx xa a a

=  0, 1a a   

6)  ( )
x

xln
1

=
  0x  

7)  ( )
1

log
ln

a x
x a


=  0x , 0, 1a a   

8)  ( ) xcosxsin =


  

9)  ( ) xsinxcos −=


  

10)  ( ) 2

1
tan

cos
x

x


=   

11)  ( ) 2

1
cot

sin
x

x


= −   

12)  ( )
2

arcsin
1

1
x

x


=

−
 1x  

13)  ( )
2

1
arccos

1
x

x


= − 

−
 1x  
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14)  ( ) 2
arctan

1

1
x

x


=

+
  

15)  ( ) 2

1
 r ot

1
a cc x

x


= −

+
  

16)  ( )sinh coshx x

=   

17)  ( )cosh sinhx x

=   

18)  ( ) 2

1
tanh

cosh
x

x


=   

19)  ( ) 2

1
coth

sinh
x

x


= −   

20)  ( )
2

1
arsinh

1
x

x


=

+
  

21)  ( )
2

1
arcosh

1
x

x


=

−
 1x  

22)  ( ) 2

1
artanh

1
x

x


=

−
 1x  

23)  ( ) 2

1
arcoth

1
x

x


= −

−
 1x  

 

Derivation of any other function should be calculated by applying the basic rules of 

differentiation rules as follows: 

 

( ) ( )  ( ) ( )xgxfxgxf =


  
derivation of the sum or the difference 

of functions 

( ) ( )  ( ) ( ) ( ) ( )xgxfxgxfxgxf +=


  derivation of the product rule 

( )
( )

( ) ( ) ( ) ( )
( )xg

xgxfxgxf

xg

xf
2

−
=











 

derivation of the quotient rule
( )( )0xg  

( )   ( )  ( )xfxfgxfg =


 derivation of the chain rule 
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Example 1  

Find the derivative of the given function ( ) 2346 23 −+−= xxxxf . 

Solution:  

( )xf   = ( ) ( ) ( ) 23462346 2323 −+


−


=


−+− xxxxxx = 

= 38180132436 22 +−=−+− xxxx . 

Example 2 

Find the derivative of the given function ( )xh  if ( ) xexh x sin= . 

Solution: 

( ) ( ) ( ) ( ) ( ) ( ) ( )

( )

' '' sin sin

sin cos sin cos .

x x

x x x

h x f x g x f x g x e x e x

e x e x e x x

 =  +  =  +  =

=  +  = +

 

Example 3 

Find the derivative of the given function ( )xh  if ( )
23

13
2

2

+−

++
=

xx

xx
xh .  

Solution: 

( )
( ) ( ) ( ) ( )

( )

( ) ( ) ( )( )

( )

( )( ) ( )( )

( ) ( )

' '
2 2 2 2

'

22 2

2 2 2

2 2
2 2

3 1 3 2 3 1 3 2

3 2

2 3 3 2 3 1 2 3 6 2 9
.

3 2 3 2

x x x x x x x xf x g x f x g x
h x

g x x x

x x x x x x x x

x x x x

+ + − + − + + − +  − 
= = =

− +

+ − + − + + − − + +
= =

− + − +

 

 

Example 4 

Find the derivatives: 

(1.)  ( ) 123 2 +−= xxexh ; (2.)  ( ) ( )32 32 xxxh −= ; 

(3.)  ( ) ( )43sin 3 −= xxh  
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Solution: 

(1.) ( ) ( ) ( ) ( )
2 2 2' 3 2 1 3 2 1 2 3 2 13 2 1 6 2x x x x x xh x e e x x e x− + − + − +

 
= =  − + =  −  

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

' 2 2 2 22 3 3 2 3 2 3 3 2 3 4 3h x x x x x x x x x x
 

= − = − − = −  −  

(3.)  ( ) ( )( ) ( ) ( ) ( ) ( ) ( )3 3 3 3 2 2 3sin 3 4 cos 3 4 3 4 cos 3 4 9 9 cos 3 4h x x x x x x x x
 

 = − = −  − = −  = −  
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Exercises 6.1 

Find the derivatives of the following functions: 

(1.) ( ) 6 53 xxf = ; (2.) ( )
3 2

2 32

x

x
xg

−
= . 

Solution: 

(1.) ( ) 6 53 xxf = =3 6

5

x . 

( )xf  =
6

6

1

6

1
1

6

5

2

5

2

5

2

5

6

5
3

x
x

xx


===
−−

. 

(2.) ( )
3

2

2

3 2

2 3232

x

x

x

x
xg

−
=

−
= = 3

2

3

4

32
−

− xx . 

( )xg =
3

5

3

1

3

5

3

1
2

3

8

3

2
3

3

4
2

x

xxx +=







−−

−

= 
3 5

2

3

68

x

x



+
. 

Exercises 6.2 

Find the derivatives of the following functions: 

(1.) ( )
xcosxsin

xcosxsin
xf

−

+
=  

(2.) ( )
xe

x
xf

5

=  

(3.) ( )





2

32 2 +−
=f  (4.) ( ) ( ) tcosttsinttf 22 2 −−=  

 

Solution: 

(1.) ( )xf  = ( ) ( ) ( )( )

( )2
xcosxsin

xcosxsinxcosxsinxcosxsinxcosxsin

−


−+−−


+ = 

=
( )( ) ( )( )

( )2
xcosxsin

xsinxcosxcosxsinxcosxsinxsinxcos

−

++−−−
= 

=
( )

( )2

2222

xcosxsin

xsinxcosxsinxcosxcosxsinxcosxsinxcosxsinxsinxcos

−

+++−+−−
= 

=
( ) ( )22

21212

xcosxsinxcosxsin

xsinxcosxsinxcos

−
−=

−

−−−
. 
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(2.) ( )xf  =
( ) ( )

( )
( )

xxx

xx

x

xx

e

xx

e

xx

e

exex

e

exex −
=

−
=

−
=


−


555 454

2

54

2

55

. 

 

(3.) ( )f  =
( ) ( )( )

( )

( ) ( )
2

2

2

22

4

232214

2

232232



+−−−
=




+−−


+−

= 

= 2

2

2

2

2

22

2

32

4

64

4

62428











 −
=

−
=

−+−−
. 

 

(4.) ( )tf  = ( ) ( ) ( ) ( )( )−−


−−


+


tcosttcosttsinttsint 2222 22 = 

= ( )( ) tsinttsintsinttsintsinttcosttcosttsin 222 222222 =−+=−−−−+ . 

 

Exercises 6.3 

Find the derivatives of the following functions: 

(1.) xsiny 3= ; (2.) ( )tgxlny = ; 

(3.) xcosy 5= ; (4.) ( )13 += xsinlny ; 

(5.) 21 xarcsiny −= ; (6.) ( )xtglny 35= ; 

 

Solution: 

(1.) y  = ( ) ( ) xcosxsinxsinxsinxsin =


=
 223 33 ; 

(2.) y  = ( ) ( ) 2

1 cos 1 1 2
ln

sin cos sin cos sin
tan tan

tan 2

x
x x

x x x x x x

 
  =  =  = =  ; 

(3.) y  =   ( ) ( ) xsinlnxsinlnxcosln xcosxcosxcosxcos −=−=


= 555555 5 ; 

(4.) y  = ( )
( ) 

( )
( )( ) ( )1311

1

1
 1

1

1 3233

3

3

3
+=


++

+
=+

+
xctgxxxcos

xsin
xsin

xsin
; 

(5.) y  =

( )
( )

( )
( )

2

2

2

2

2
2 12

11

11

1
1

11

1

x

x

x
x

x −


−


−−

=


−

−−

= 

=
222 112

21

xx

x

x

x

x −
−=

−

−
   (x 0). 

(6.) y  = ( ) ( )  ( ) ( )= xtg
xtg

xtglnxtglnxtgln 3
3

1
35 335 44 = 
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= ( ) ( ) ( )
( )

xsin

xtgln

xcosxsin
xtglnx

xcosxtg
xtgln

6

3
30

33

1
3153

3

1

3

1
35

4
4

2

4 =


=


 . 

 

Exercises 6.4 

Find the derivatives of the following functions: 

(1.) ( ) ( )1111 ++−−+= xx elnelny ; (2.) ( )3 21
cos 3cos 5

15
y x x= − . 

 

Solution: 

(1.) y  =
x

x

xx

x

x e

e

ee

e

e +




++
−

+




−+ 12

1

11

1

12

1

11

1
= 

  =
( )

( )( ) xxx

x

xx

xx

x

x

eee

e

ee

ee

e

e

+
=

−+


+
=

++−+

−+−++


+ 1

1

11

2

121111

1111

12
. 

 

(2.)  y  = ( ) ( ) ( ) xsinxcosxcosxcosxsinxcos −+−− 6533
15

1 322  = 

  = ( ) ( )55
5

253
15

3 2
2

22
2

−


−=+−


− xcos
xsinxcos

xcosxcos
xsinxcos

= 

  = ( ) xsinxcosxcosxsinxcos 3222 1
5

5
=− . 

 

Exercise 6.5 

Find the derivative of the function ( ) ( )2

2

22

2

2

1
2

1

1

x

x

xx

eln

e

earcsine
xf −

−

−−

−+

−


= . 

Solution: 

 

( )xf  =

( )
( )

−
−

−














−

−
+−

−

−

−

−
−−−

2

2

2

2

222

2

2

2

1

1

1

2
2

x

x

x

x
xxx

e

e

e

xe
eearcsinxe
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( )

( )
2

2

2

2

2

22

2

2

2

2

2

1

4

2

1

1

12

4

x

x

x

x

x
xx

e

xe

e

e

xe
earcsine

−

−

−

−

−
−−

−

−
−

−

−

−−


− , 

 

 ( )xf  = +
−

−−−
−

−−−−

2

2222

2

22

1

212
x

xxxx

e

xeeearcsinxe  

( )
2

2222

2

22

1

23

1

212
x

xxxx

e

xeeearcsinxe
−

−
−

−−−

−

+−−
+ = 

 

=














−

+−
−

−

−

−
−

−

−−

2

2

2

2

22

2

2
2

2
1

1
1

2

x

x
x

x

xx

e

e
e

e

earcsinxe
=

2

22

2

22

2

22

2
1

1

1

2

x

xx

x

xx

e

ee

e

earcsinxe

−

−−

−

−−

−

+−


−

− , 

That is, 

( )xf  =

( )2
3

2 2

22

1

2

x

xx

e

earcsinxe

−

−−

−


− . 

 

Exercise 6.6 

Prove that the function 
xlnx

y
++

=
1

1  satisfies the equation ( )1−= xlnyyyx . 

Solution: 

As
( )

( )

( )22
1

1

1

1
1

xlnxx

x

xlnx

x
y

++

+−
=

++









+−

= , this results in yx  =
( )

( )2
1

1

xlnx

x

++

+−
. 

The right side of the given equation is 

 ( )1−xlnyy = 







−

++++
1

11

1

xlnx

xln

xlnx
=

( )

( )

( )22
1

1

1

1

xlnx

x

xlnx

xlnxxln

++

+−
=

++

−−−
. 

 

As the equivalences on the right side are the same, this means that the function y satisfies the 

given equation.  


