
ADVANCED HIGHER MATHEMATICS 

 

Solutions to Exam Questions on Basic Differentiation 

 

1. )sin( 5xey =  

 

 To differentiate y, use the chain rule as y is a function of a function. 
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 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 
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 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 
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 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 
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 To differentiate y, use the quotient rule as y is the quotient of two functions. 
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 The gradient of the curve when 2=x  is 0. 
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 To differentiate y, use the quotient rule as y is the quotient of two functions. 
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To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions and 

use the chain rule to differentiate 
12 −xe . 
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8. 12 −= xxy  

 

To differentiate y, use the product rule as y is the product of two functions and use the 

chain rule to differentiate 1−x . 
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The gradient of the tangent to the curve when 10=x  is 
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9. 10)1()( xxxf +=  

 

To differentiate )(xf , use the product rule as )(xf  is the product of two functions and use 

the chain rule to differentiate 10)1( x+ . 
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10. 3)2)(1()( −+= xxxf  

  

To differentiate )(xf , use the product rule as )(xf  is the product of two functions and use 

the chain rule to differentiate 3)2( −x . 
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Note 

 

In order to solve the equation 0)( = xf , the expression for )(xf   must be expressed in 

factorised form. 
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 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 
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 If 1x , 0)1( 2 −x  and 0)(  xf . 

 Hence 0)(  xf  for all x ( 1x ) and the derivative is always negative. 
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 To differentiate )(xf , use the chain rule as )(xf  is a function of a function. 
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     (b) Method 1 

 

 3ln)( 2 += xxg  

 

 To differentiate )(xg , use the chain rule as )(xg  is a function of a function. 
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 To differentiate 32 +x , use the chain rule again: 
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 Method 2 

 

 Use the laws of logarithms to simplify )(xg  before differentiating. 
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 To differentiate )3ln( 2 +x , use the chain rule as )3ln( 2 +x  is a function of a function. 

 

 
3

2
)3(

1

2

1
)(

22 +
=










+
=

x

x
x

x
xg  

 

 

 

 

 

 

 



13. Method 1 
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To differentiate )(xf , use the chain rule as )(xf  is a function of a function. 
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 Method 2 

 

 Use the laws of logarithms to simplify )(xf  before differentiating. 
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To differentiate )1ln( x+  and )1ln( x− , use the chain rule as each of these terms is a 

function of a function. 
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14. xexxf 2sin)2exp(sin)( ==  

 

 To differentiate )(xf , use the chain rule as )(xf  is a function of a function. 
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15. xxxf ln)( =  

 

 To differentiate )(xf , use the product rule as )(xf  is the product of two functions. 
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 To differentiate y, use the product rule as y is the product of two functions. 
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 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 
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18.(a) )1ln()( 2xxf +=  

 

 To differentiate )(xf , use the chain rule as )(xf  is a function of a function. 
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 To differentiate )(xg , use the quotient rule as )(xg  is the quotient of two functions. 
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 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 
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 To differentiate )(xg , use the chain rule as )(xg  is a function of a function. 
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20.(a) 
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To differentiate y, use the product rule as y is the product of two functions and use the 

chain rule to differentiate 
2xe− . 
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 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 
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 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 
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22. xey x cos2=  

 

 To differentiate y, use the product rule as y is the product of two functions. 
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To differentiate )(xf , use the product rule as )(xf  is the product of two functions. 
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     (b) 
x

x
y

+

+
=

1

1 2

 

 

 To differentiate y, use the quotient rule as y is the quotient of two functions. 
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24. xey x 2tan5=  

 

 To differentiate y, use the product rule as y is the product of two functions. 
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25.(a) )sin()( 2xexf x=  

 

To differentiate )(xf , use the product rule as )(xf  is the product of two functions and use 

the chain rule to differentiate )sin( 2x . 
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 To differentiate )(xg , use the quotient rule as )(xg  is the quotient of two functions. 
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26.(a) xexf x tan)( 2=  

 

 To differentiate )(xf , use the product rule as )(xf  is the product of two functions. 

 

 )2(tansec)( 222 xx exxexf +=  

                      xexe xx tan2sec 222 +=  
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 To differentiate )(xg , use the quotient rule as )(xg  is the quotient of two functions. 
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27. xexf x 2cos sin)( =  

 

To differentiate )(xf , use the product rule as )(xf  is the product of two functions and use 

the chain rule to differentiate both xecos  and x2sin . 
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28. xxxf 3cossin)( =  

 

To differentiate )(xf , use the product rule as )(xf  is the product of two functions and use 

the chain rule to differentiate x3cos . 
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 To differentiate y, use the quotient rule as y is the quotient of two functions. 
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     (b) xexf x 3sin)( 22=  

 

To differentiate )(xf , use the product rule as )(xf  is the product of two functions and use 

the chain rule to differentiate x3sin 2
. 
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 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 
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     (b) xxexxxg tan22 cos)exp(tancos)( ==  

 

To differentiate )(xg , use the product rule as )(xg  is the product of two functions and use 

the chain rule to differentiate both x2cos  and 
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 To differentiate )(xf , use the quotient rule as y is the quotient of two functions. 
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     (b) =y cosec x32 = (cosec 3x) 2  

 

 To differentiate y, use the chain rule as y is a function of a function. 

 

 2=
dx

dy
cosec 3x 

dx

d
 cosec 3x 

                  2= cosec 3x 3(− cosec 3x )3cot x   [using the chain rule to differentiate cosec 3x] 

                  6−= cosec x32 x3cot  

 

 Hence   xy
dx

dy
3cot6+ 6−= cosec x32 63cot +x cosec x32 03cot =x . 

 

32. 
1

ln
3 +

=
x

x
y  

 

 To differentiate y, use the quotient rule as y is the quotient of two functions. 

 

 
23

23

)1(

)3(ln
1

)1(

+

−+

=
x

xx
x

x

dx

dy
 

                  
23

2
3

)1(

ln3
)1(

+

−
+

=
x

xx
x

x

 [multiply all terms in the fraction by x to simplify] 

                  
23

33

)1(

ln31

+

−+
=

xx

xxx
 

 

 

 

 

 

 

 



33.(a) )3cos()sin()( 2 xxxh =  

 

To differentiate )(xh , use the product rule as )(xh  is the product of two functions and use 

the chain rule to differentiate both )sin( 2x  and )3cos( x . 

 

))cos(2)(3cos())3sin(3)(sin()( 22 xxxxxxh +−=  

         )3cos()cos(2)3sin()sin(3 22 xxxxx +−=  

         )3sin()sin(3)3cos()cos(2 22 xxxxx −=  

 

     (b) 
)3(

)3ln(

+

+
=

x

x
y  

 

To differentiate y, use the quotient rule as y is the quotient of two functions and use the 

chain rule to differentiate )3ln( +x . 

 

3

1
1

)3(

1
)3ln(

+
=

+
=+

xx
x

dx

d
 

 

 Hence   
22 )3(

)3ln(1

)3(

1)3ln(
)3(

1
)3(

+

+−
=

+

+−
+

+

=
x

x

x

x
x

x

dx

dy
 

 

34. xexg 2cot)( =  

 

 To differentiate )(xg , use the chain rule as )(xg is a function of a function. 

 

 2()( 2cot −= xexg cosec 2)22 −=x cosec
xex 2cot2 2   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35. xexf
2sec)( =  

 

 To differentiate )(xf , use the chain rule as )(xf  is a function of a function. 

 

 x
dx

d
exf x 2sec sec)(

2

=  

 

 To differentiate x2sec , use the chain rule:   xxxx
dx

d
x

dx

d
tansecsec2)(secsec 22 ==  

                                                                                                                          xx tansec2 2=  

 

 Hence   xx exxxxexf
22 sec22sec tansec2tansec2)( ==  

 

 4
sec

2
2

4
tan

4
sec2

4




ef =







  

 

 Now   2

2
1

1

4
cos

1

4
sec ===




       2)2(

4
sec 22 ==


   and   1

4
tan =


. 

 

 Hence   22 4)1)(2(2
4

eef ==










 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



36.(a) 
x

exxf 2

1
tan

2

1
tanexp)( =








=  

 

 To differentiate )(xf , use the chain rule as )(xf is a function of a function. 

 

 







== xxxexf

x

2

1
tanexp

2

1
sec

2

1

2

1
sec

2

1
)( 222

1
tan

 

 

     (b) )1ln()1()( 33 ++= xxxg  

 

To differentiate )(xg , use the product rule as )(xg  is the product of two functions and use 

the chain rule to differentiate )1ln( 3 +x . 

 

1

3
3

)1(

1
)1ln(

3

2
2

3

3

+
=

+
=+

x

x
x

x
x

dx

d
 

 

Hence   23

3

2
3 3)1ln(

)1(

3
)1()( xx

x

x
xxg ++

+
+=  

                      )1ln(33 322 ++= xxx  

                      ))1ln(1(3 32 ++= xx   [removing a common factor of 23x ] 

 

37. xexxf −=)(  

 

 To differentiate )(xf , use the product rule as )(xf  is the product of two functions. 

 

 Note that 
x

xx
dx

d
x

dx

d

2

1

2

1
2

1

2

1

===
−

. 

 

 







+−= −−

x
eexxf xx

2

1
)()(  

                      x
x

ex
x

e −
−

−=
2

    [the answer must now be expressed as a single fraction to simplify] 

                      
12

xx ex

x

e −−

−=  

                      
x

xex

x

e xx

21

2

2 


−=

−−

     [making a common denominator] 

                      
x

xe

x

e xx

2

2

2

−−

−=  

                      
x

xe

x

xee xxx

2

)21(

2

2 −
=

−
=

−−−

      [removing a common factor of 
xe−
 in the numerator] 



38. 
x

x
xg

cos1

sin
)(

+
=  

 

 To differentiate )(xg , use the quotient rule as )(xg  is the quotient of two functions. 

 

 
2)cos1(

)sin(sincos)cos1(
)(

x

xxxx
xg

+

−−+
=  

                      
2

2

)cos1(

sin)cos1(cos

x

xxx

+

++
=  

                      
2

22

)cos1(

sincoscos

x

xxx

+

++
=  

                      
2)cos1(

1cos

x

x

+

+
=   [since 1cossin 22 =+ xx ] 

                      
)cos1)(cos1(

)cos1(

xx

x

++

+
=  

                      
xcos1

1

+
=   [cancelling the factor of )cos1( x+  to simplify] 

 

39. )sin1ln( xy +=  

 

 To differentiate y, use the chain rule as y is a function of a function. 

 

 
x

x
x

xdx

dy

sin1

cos
cos

)sin1(

1

+
=

+
=  

 

To differentiate 
dx

dy
 to find the second derivative 

2

2

dx

yd
, use the quotient rule as 

dx

dy
 is a 

quotient of two functions. 

 

22

2

)sin1(

coscos)sin)(sin1(

x

xxxx

dx

yd

+

−−+
=  

        
2

2

)sin1(

cos)sin1(sin

x

xxx

+

−+−
=  

        
2

22

)sin1(

cossinsin

x

xxx

+

−−−
=  

        
2

22

)sin1(

)cossin(sin

x

xxx

+

++−
=   

                    
2)sin1(

)1(sin

x

x

+

+−
=      [since 1cossin 22 =+ xx ] 

                    
)sin1)(sin1(

)sin1(

xx

x

++

+−
=

xsin1

1

+

−
=  [cancelling the factor of )sin1( x+  to simplify] 

 



40. 
x

x
y

cos2

sin

−
=  

 

 To differentiate y, use the quotient rule as y is the quotient of two functions. 

 

 
2)cos2(

sinsincos)cos2(

x

xxxx

dx

dy

−

−−
=  

                 
2

2

)cos2(

sin)cos2(cos

x

xxx

−

−−
=  

                 
2

22

)cos2(

sincoscos2

x

xxx

−

−−
=  

                 
2

22

)cos2(

)sin(coscos2

x

xxx

−

+−
=  

                 
2)cos2(

1cos2

x

x

−

−
=   [since 1cossin 22 =+ xx ] 

 

 Stationary points occur when 0=
dx

dy
      0

)cos2(

1cos2
2
=

−

−

x

x
 

                       01cos2 =−x  

                                       1cos2 =x  

                                                             
2

1
cos =x  

                               
32

1
cos 1 

=







= −x  

 

 Note that 
3


=x  is the only solution of the equation 

2

1
cos =x  in the interval  x0 . 

 

 When 
3


=x :   

3

3

2
3

2
3

2

1
2

2

3

3
cos2

3
sin

cos2

sin
==

−

=

−

=
−

=




x

x
y  

 

 Hence the coordinates of the stationary point are 














3

3
,

3


. 

 

 

 

 

 

 

 

 



41.(a) 
x

x
xf

ln
)( =  

 

 To differentiate )(xf , use the quotient rule as )(xf  is the quotient of two functions. 

 

 
22 )(ln

1ln

)(ln

1
1ln

)(
x

x

x

x
xx

xf
−

=









−

=  

 

To differentiate )(xf   to find the second derivative )(xf  , use the quotient rule as )(xf   

is the quotient of two functions and use the chain rule to differentiate 2)(ln x . 

 

x

x

x
xx

dx

d ln21
ln2)(ln 2 ==  

 

Hence   
22

2

))((ln

ln2
)1(ln

1
)(ln

)(
x

x

x
x

x
x

xf

−−

=  

                       
4

2

)(ln

)1(lnln2)(ln

x

x

xx

x

x −
−

=         [multiply all terms in the fraction by x to simplify] 

                       
4

2

)(ln

)1(lnln2)(ln

xx

xxx −−
= [now divide all terms in the fraction by xln  to simplify] 

                         
3)(ln

)1(ln2ln

xx

xx −−
=  

                         
3)(ln

2ln2ln

xx

xx +−
=  

                         
3)(ln

ln2

xx

x−
=  

 

     (b) Stationary points occur when 0)( = xf        0
)(ln

1ln
2
=

−

x

x
 

             01ln =−x  

                               1ln =x  

                       ex =  

 

 e
e

e

e
ef ===

1ln
)(        (e, e) is a stationary point 

 

 To determine the nature of the stationary point, use the second derivative test. 

 

 0
1

)1(

12

)(ln

ln2
)(

33
=

−
=

−
=

eeee

e
ef        (e, e) is a minimum turning point 



     (c) Points of inflexion occur when 0)( = xf        0
)(ln

ln2
3
=

−

xx

x
 

          0ln2 =− x  

                                  2ln =x  

                          
2ex =  

 

 
2ln

)(
2

2

2
2 e

e

e
ef ==        









2
,

2
2 e

e  is a point of inflexion 

 

 

 

 


