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Differentiation – Practice Questions 1a Answers 

1. Differentiate the following with respect to x:

(a) 2𝑥! + 5𝑥 + 7
"
"#
2𝑥! + 5𝑥 + 7 = 4𝑥 + 5	

(b) $
!
𝑥% + &

'#!
+ 𝑥

"
"#
)$
!
𝑥% + &

'#!
+ 𝑥* = "

"#
)$
!
𝑥% + &

'
𝑥(% + 𝑥* 

	= 4 )$
!
𝑥'* + (−4) )&

'
𝑥(&* + 1 

	= 14𝑥' − !)
'
𝑥(& + 1 

	= 14𝑥' − !)
'#"

+ 1

(c) 4𝑥! + !
'√#

+ 7

"
"#
)4𝑥! + !

'√#
+ 7* = "

"#
(4𝑥! + !

'
𝑥(

#
$ + 7)

	= 8𝑥 + )− +
!
* )!

'
𝑥(

%
$*

	= 8𝑥 − +

'#
%
$

	= 8𝑥 − +
'√#%

(d) 5𝑎𝑥! + 3𝑏𝑥' + 5
"
"#
(5𝑎𝑥! + 3𝑏𝑥' + 5) = 2(5𝑎𝑥) + 3(3𝑏𝑥!) 

  = 10𝑎𝑥 + 9𝑏𝑥! 

(e) '#
$(%#%

#%

"
"#
)'#

$(%#%

#%
* = "

"#
)'
#
− 4*

         = "
"#
(3𝑥(+ − 4) 

         = − '
#$
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(f) '√#(%
√#

"
"#
)'√#(%

√#
* = "

"#
)3 − %

√#
* 

      = "
"#
)3 − 4𝑥(

#
$*

     = − +
!
)−4𝑥(

%
$*

= 2𝑥(
%
$

     = !
√#%

(g) √𝑥 + +
√#

"
"#
)√𝑥 + +

√#
* = "

"#
)𝑥

#
$ + 𝑥(

#
$*

          = +
!
𝑥(

#
$ + )− +

!
* 𝑥(

%
$	 

          = +
!
𝑥(

%
$(𝑥 − 1)	 or  = +

!√#
− +

!√#%

          = #(+
!√#%

	 

2. At x-axis, y = 0

0 = &#(%
#$

5𝑥 − 4 = 0

𝑥 = %
&

𝑦 = &#(%
#$

= &
#
− %

#$
= 5𝑥(+ − 4𝑥(! 

",
"#
= −5𝑥(! + 8𝑥(' = − &

#$
+ -

#%

At 𝑥 = %
&
 , ",
"#
= − &

.!"/
$ +

-

.!"/
% = 7 +'

+0
= +!&

+0
 

3. 𝑦 = !
"!
+ #

"
= 𝑎𝑥$% + 𝑏𝑥$&

",
"#
= −2𝑎𝑥(' − 𝑏𝑥(! = − !1

#%
− 2

#$

At	(−1, 5),  ",
"#
= 4 = − !1

((+)%
− 2

((+)$

4 = − !1
(+
− 2

+

4 = 2𝑎 − 𝑏 ----- (1) 
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At (−1, 5),  5 = !
($&)!

+ #
$&

5 = 𝑎 − 𝑏  

𝑎 = 5 + 𝑏 ----- (2)

𝑆𝑢𝑏	(2)	𝑖𝑛𝑡𝑜	(1)  

4 = 2(5 + 𝑏) − 𝑏 

4 = 10 + 2𝑏 − 𝑏  

4 − 10 = 𝑏  

𝑏 = −6  

𝑎 = 5 − 6 = −1  

4. CHAIN RULE

(a) (2𝑥 + 5)$

"
"#
[(2𝑥 + 5)$] = 7(2𝑥 + 5)0(2) 

             = 14(2𝑥 + 5)0 

(b) 3(𝑥 + 4)&

"
"#
[3(𝑥 + 4)&] = 3(5)(𝑥 + 4)%(1) 

             = 15(𝑥 + 4)% 

(c) !
'
)#
0
− 1*

%

"
"#
<!
'
)#
0
− 1*

%
= = !

'
(4) )#

0
− 1*

'
)+
0
* 

      = %
5
)#
0
− 1*

'

(d) +
'#6!

"
"#
) +
'#6!

* 	= "
"#
[(3𝑥 + 2)(+]

= −(3𝑥 + 2)(!(3)

= − '
('#6!)$

(e) +!
!6'#$

"
"#
) +!
!6'#$

* 	= 12 "
"#
(2 + 3𝑥!)(+ 
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    = 12(−1)(2 + 3𝑥!)(!(6𝑥) 

					= − $!#
(!6'#$)$

(f) √5𝑥! + 6
7
"#
>√5𝑥! + 6? 	= "

"#
(5𝑥! + 6)

#
$

              = +
!
(5𝑥! + 6)(

#
$(10𝑥)

						= &#
√&#$60

5. 𝑦 = (3𝑥! − 5𝑥 + 3)'

",
"#
= 3(3𝑥! − 5𝑥 + 3)!(6𝑥 − 5) 

At	𝑥 = 1, ",
"#
= 3(3(1)! − 5(1) + 3)!(6(1) − 5) 

   = 3(3 − 5 + 3)!(6 − 5) 

   = 3(1)!(1)  

   = 3 

6. 𝑦 = 2 + +!
('#(%)$

= 2 + 12(3𝑥 − 4)(! 

",
"#
= 12(−2)(3𝑥 − 4)('(3) = − $!

('#(%)%
. 

At	(2, 5), ",
"#
= − $!

('(!)(%)%
= − $!

-
= −9 

Thus 𝑦 − 5 = −9(𝑥 − 2) 

𝑦 = −9𝑥 + 18 + 5	  

𝑦 = −9𝑥 + 23	  

7. 𝑦 = 1
!62#

= 𝑎(2 + 𝑏𝑥)(+ 

",
"#
= 𝑎(−1)(2 + 𝑏𝑥)(!(𝑏) = − 12

(!62#)$
	 

At x = 1, ",
"#
= '

&
= − 12

(!62)$

3(2 + 𝑏)! = −5𝑎𝑏 ------ (1) 

At x = 1, y = 1, 1 = 1
!62
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𝑎 = 2 + 𝑏  ------ (2) 

𝑆𝑢𝑏	(2)	𝑖𝑛𝑡𝑜	(1)  

3(2 + 𝑏)! = −5𝑏(2 + 𝑏)  

3(4 + 4𝑏 + 𝑏!) = −10𝑏 − 5𝑏!  

12 + 12𝑏 + 3𝑏! = −10𝑏 − 5𝑏! 

8𝑏! + 22𝑏 + 12 = 0  

(𝑏 + 2)(8𝑏 + 6) = 0  

 𝑏 = −2 or 𝑏 = − '
%
 

 𝑎 = 2 − 2 = 0 or  𝑎 = 2 − '
%
= 1 +

%
 

Reject 𝑎 =0 and 𝑏 = −2 
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Differentiation – Practice Questions 1b Answers 

 
1. Answer 

(a) (3𝑥 + 2)(2 − 𝑥!) 
"
"#
[(3𝑥 + 2)(2 − 𝑥!)] = (3𝑥 + 2) "

"#
(2 − 𝑥!) + (2 − 𝑥!) "

"#
(3𝑥 + 2)   

 = (3𝑥 + 2)(−2𝑥) + (2 − 𝑥!)(3)  

= −6𝑥! − 4𝑥 + 6 − 3𝑥!  

= −9𝑥! − 4𝑥 + 6  

 
 

(b) (𝑥 + 1)'(𝑥 + 3)& 
"
"#
[(𝑥 + 1)'(𝑥 + 3)&] = (𝑥 + 1)' "

"#
(𝑥 + 3)& + (𝑥 + 3)& "

"#
(𝑥 + 1)'   

 = (𝑥 + 1)'(5)(𝑥 + 3)% + (𝑥 + 3)&(3)(𝑥 + 1)!  

= (𝑥 + 1)!(𝑥 + 3)%[5(𝑥 + 1) + (𝑥 + 3)(3)]  

= (𝑥 + 1)!(𝑥 + 3)%[5𝑥 + 5 + 3𝑥 + 9]  

= (𝑥 + 1)!(𝑥 + 3)%(8𝑥 + 14)  

= 2(𝑥 + 1)!(𝑥 + 3)%(4𝑥 + 7)  

 
 

(c) (𝑥 + 5)'(𝑥 − 4)0 
"
"#
[(𝑥 + 5)'(𝑥 − 4)0] = (𝑥 + 5)' "

"#
(𝑥 − 4)0 + (𝑥 − 4)0 "

"#
(𝑥 + 5)'   

	= (𝑥 + 5)'(6)(𝑥 − 4)& + (𝑥 − 4)0(3)(𝑥 + 5)!  

	= (𝑥 + 5)!(𝑥 − 4)&[6(𝑥 + 5) + 3(𝑥 − 4)]  

= (𝑥 + 5)!(𝑥 − 4)&[6𝑥 + 30 + 3𝑥 − 12]  

= (𝑥 + 5)!(𝑥 − 4)&(9𝑥 + 18)  

= 9(𝑥 + 5)!(𝑥 − 4)&(𝑥 + 2)  

 
(d) (3𝑥 − 1)√2𝑥! + 3 = (3𝑥 − 1)(2𝑥! + 3)

#
$	 

"
"#
G(3𝑥 − 1)(2𝑥! + 3)

#
$H = (3𝑥 − 1) "

"#
(2𝑥! + 3)

#
$ + (2𝑥! + 3)

#
$
"
"#
(3𝑥 − 1)   

    	= (3𝑥 − 1) )+
!
* (2𝑥! + 3)(

#
$(4𝑥) + (2𝑥! + 3)

#
$(3) 

    	= (2𝑥! + 3)(
#
$[(3𝑥 − 1)(2𝑥) + (2𝑥! + 3)+(3)] 

    	= (2𝑥! + 3)(
#
$[6𝑥! − 2𝑥 + 6𝑥! + 9] 
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    	= 80#$(!#60#$659

(!#$6')
#
$

 

    	= +!#$(!#65
√!#$6'

 

 

(e) (𝑥' + 𝑥!)(𝑥 − 2)$ 
"
"#
[(𝑥' + 𝑥!)(𝑥 − 2)$] = (𝑥' + 𝑥!) "

"#
(𝑥 − 2)$ + (𝑥 − 2)$ "

"#
(𝑥' + 𝑥!)  

     = (𝑥' + 𝑥!)(7)(𝑥 − 2)0 + (𝑥 − 2)$(3𝑥! + 2𝑥)  

     = (𝑥 − 2)0[7(𝑥' + 𝑥!) + (𝑥 − 2)(3𝑥! + 2𝑥)]  

     = (𝑥 − 2)0[7𝑥' + 7𝑥! + 3𝑥' + 2𝑥! − 6𝑥! − 4𝑥]  

     = (𝑥 − 2)0[10𝑥' + 3𝑥! − 4𝑥]  

     = 𝑥(𝑥 − 2)0(10𝑥! + 3𝑥 − 4)  

     = 𝑥(𝑥 − 2)0(2𝑥 − 1)(5𝑥 + 4)  

 

 

2. 𝑦 = (𝑥 + 3)%(𝑥 − 5)$ 
",
"#
= (𝑥 + 3)%(7)(𝑥 − 5)0 + (𝑥 − 5)$(4)(𝑥 + 3)'  

     = (𝑥 + 3)'(𝑥 − 5)0[7(𝑥 + 3) + (4)(𝑥 − 5)]   

     = (𝑥 + 3)'(𝑥 − 5)0[7𝑥 + 21 + 4𝑥 − 20]   

     = (𝑥 + 3)'(𝑥 − 5)0(11𝑥 + 1)   

When ",
"#
= 0, (𝑥 + 3)'(𝑥 − 5)0(11𝑥 + 1) = 0 

Thus (𝑥 + 3)' = 0, (𝑥 − 5)0 = 0, (11𝑥 + 1) = 0 

𝑥 = −3, 5, − +
++

  

 

 
3. 𝑦 = (3𝑥 + 2)(2 − 𝑥)(+  

",
"#
= (3𝑥 + 2)(−1)(2 − 𝑥)(!(−1) + (2 − 𝑥)(+(3) 

     = (2 − 𝑥)(![(3𝑥 + 2) + (2 − 𝑥)+(3)] 

     = (2 − 𝑥)(![3𝑥 + 2 + 6 − 3𝑥] 

     = -
(!(#)$

 

When ",
"#
= 8,	 

8 = -
(!(#)$
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(2 − 𝑥)! = 1  

2 − 𝑥 = ±1  

𝑥 = 1, 3 

 

4. Answer 

(a) '#6!
+(%#

 

"
"#
)'#6!
+(%#

* = (+(%#)(')(('#6!)((%)
(+(%#)$

   

    = '(+!#6+!#6-
(+(%#)$

   

    = ++
(+(%#)$

   

 

(b) #$

!#(+
  

"
"#
) #$

!#(+
* = (!#(+)(!#)((#$)(!)

(!#(+)$
  

     = %#$(!#(!#$

(!#(+)$
 

     = !#$(!#
(!#(+)$

 

     = !#(#(+)
(!#(+)$

 

(c) √#
'6#

 

"
"#
) √#
'6#

* =
('6#).#$/:#

&#$;(#
#
$(+)

('6#)$
  

   =
#
$#

&#$[('6#)(!#]

('6#)$
  

   = ['6#(!#]
!√#('6#)$

  

   = '(#
!√#('6#)$

  

 

(d) !#($
√#6+

  

"
"#
)!#($
√#6+

* =
(#6+)

#
$(!)((!#($).#$/(#6+)

&#$	

#6+
  

     =
#
$(#6+)

&#$[!(!)((!#($)]	

#6+
 

     = [%(!#6$]	
!?(#6+)%

 

     = ++(!#	
!?(#6+)%
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8. 𝑦 = #6!
√'#6+

 

",
"#
=

('#6+)
#
$(+)((#6!).#$/('#6+)

&#$(')	

'#6+
  

     =
#
$	('#6+)

&#$[!('#6+)((#6!)(')]	

'#6+
  

     = [!('#6+)((#6!)(')]	

!('#6+)
%
$	

 

     = 0#6!('#(0	

!('#6+)
%
$	

 

     = '#(%	

!('#6+)
%
$	

 

(a) At 𝑥 = 1, ",
"#
= '(+)(%	

!('6+)
%
$	
= − +

+0
 

(b) 𝑦 = +6!
√'6+

= '
!
  

𝑦 − '
!
= − +

+0
(𝑥 − 1)  

𝑦 = − +
+0
𝑥 + !&

+0
  

16𝑦 = −𝑥 + 25  

 

9. Answer 

(a) 2𝑥 + 9𝑦 = 3   ------ (1) 

𝑥𝑦 + 𝑦 + 2 = 0  ------ (2) 

(1): 𝑥 = '(5,
!

  ------ (3) 

Sub (3) into (2) 

)'(5,
!
* 𝑦 + 𝑦 + 2 = 0  

(3 − 9𝑦)𝑦 + 2𝑦 + 4 = 0  

3𝑦 − 9𝑦! + 2𝑦 + 4 = 0  

−9𝑦! + 5𝑦 + 4 = 0  

(𝑦 − 1)(−9𝑦 − 4) = 0   

𝑦 = 1 or 𝑦 = − %
5
 

 

𝑥 = '(5
!

 or 𝑥 =
'(5.(!'/

!
 

𝑥 = −3 or 𝑥 = $
!
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(b) Answer 

𝑥𝑦 + 𝑦 + 2 = 0  

𝑥𝑦 + 𝑦 = −2  

𝑦(𝑥 + 1) = −2  

𝑦 = − !
(#6+)

= −2(𝑥 + 1)(+  

",
"#
= −2(−1)(𝑥 + 1)(! = !

(#6+)$
   or  ",

"#
= − (#6+)())(!(+)

(#6+)$
= !

(#6+)$
 

At 𝑥 = −3, ",
"#
= !

(('6+)$
= +

!
 

or 𝑥 = $
!
	, ",
"#
= !

('.&6+)$
= -

-+
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Applications of Differentiation – Practice Questions 2 Answers 

 
1. 𝑦 = √1 − 2𝑥  

",
"#
= +

!
(1 − 2𝑥)(

#
$(−2) = − +

(+(!#)
#
$
  

At 𝑦 = 3, 

3 = √1 − 2𝑥  

9 = 1 − 2𝑥  

2𝑥 = 1 − 9  

2𝑥 = −8  

𝑥 = −4  
",
"#
= − +

A+(!((%)B
#
$
= − +

(5)
#
$
= − +

'
   

At 𝑥 = −4, 𝑦 = 3 and 𝑚 = − +
'
 

Equation of tangent:  𝑦 − 3 = − +
'
(𝑥 − (−4)) 

𝑦 = − +
'
𝑥 − %

'
+ 3  

𝑦 = − +
'
𝑥 + &

'
  

 

2. 𝑦 = '#6+
+(#

 

",
"#
= (+(#)(')(('#6+)((+)

(+(#)$
  

     = '('#6'#6+
(+(#)$

  

     = %
(+(#)$

  

At x-axis, y = 0. 

0 = '#6+
+(#

  

3𝑥 + 1 = 0  

𝑥 = − +
'
  

At 𝑥 = − +
'
, ",
"#
= %

.+6#%/
$ =

5
%
 

𝑚CDEF1G = − +
F()*+,*(

= − %
5
  

At )− +
'
, 0* and 𝑚CDEF1G = − %

5
, 
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𝑦 − 0 = − %
5
)𝑥 + +

'
*  

𝑦 = − %
5
𝑥 − %

!$
  

27𝑦 = −12𝑥 − 4  

 
3. Answer 

 
4. Answer 

𝑦 = 4𝑥' − 3𝑥  
",
"#
= 12𝑥! − 3	  

At )− +
!
, 1*, ",

"#
= 12 )− +

!
*
!
− 3 = 0  

𝑦 − 1 = 0)𝑥 + +
!
*  

𝑦 − 1 = 0  

𝑦 = 1   -------- (1) 

𝑦 = 4𝑥' − 3𝑥  -------- (2) 

Sub (1) into (2) 
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4𝑥' − 3𝑥 = 1  

4𝑥' − 3𝑥 − 1 = 0  

Let f(x) =  4𝑥' − 3𝑥 − 1 

f(1) =  4(1)' − 3(1) − 1 = 0 or  just use the tangent point  

x – 1 is a factor.   or  x + +
!
 is a factor 

Thus, long division or comparing coefficient method: 

f(x) =  4𝑥' − 3𝑥 − 1 = (𝑥 − 1)(𝑎𝑥! + 𝑏𝑥 + 𝑐)  

    = 𝑎𝑥' + 𝑏𝑥! + 𝑐𝑥 − 𝑎𝑥! − 𝑏𝑥 − 𝑐 

    = 𝑎𝑥' + 𝑏𝑥! − 𝑎𝑥! − 𝑏𝑥 + 𝑐𝑥 − 𝑐 

𝑎 = 4  

𝑐 = 1  

−𝑏 + 𝑐 = −3  

−𝑏 + 1 = −3  

−𝑏 = −4  

𝑏 = 4  

Thus f(x) = (𝑥 − 1)(4𝑥! + 4𝑥 + 1)  

         = (𝑥 − 1)(2𝑥 + 1)!  

Thus f(𝑥) 	= 0, (𝑥 − 1)(2𝑥 + 1)! = 0  

(𝑥 − 1) = 0 or (2𝑥 + 1)! = 0  

𝑥 = 1  or  𝑥 = − +
!
 (tangent) 

So the curve will touch again at (1, 1) 

 

5. 𝑦 = '(#$(+)
!#(+

 

(a) ",
"#
= (!#(+)(')(!#)('A#$(+B(!)

(!#(+)$
 

     = +!#$(0#(0#$60
(!#(+)$

 

     = 0#$(0#60
(!#(+)$

 

     = 0(#$(#6+)
(!#(+)$

 

When ",
"#
= 2, 0#

$(0#60
(!#(+)$

= 2 

6𝑥! − 6𝑥 + 6 = 2(2𝑥 − 1)!  

6𝑥! − 6𝑥 + 6 = 2(4𝑥! − 4𝑥 + 1)  
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6𝑥! − 6𝑥 + 6 = 8𝑥! − 8𝑥 + 2  

2𝑥! − 2𝑥 − 4 = 0  

𝑥! − 𝑥 − 2 = 0  

(𝑥 + 1)(𝑥 − 2) = 0  

𝑥 = −1, 2 

 

(b) At 𝑥 = 1, 𝑦 = '(+(+)
!(+

= 0 

",
"#
= 0(+)$(0(+)60

(!(+)$
= 6   

𝑚H1CIJCH = 6,  𝑚CDEF1G = − +
0
 

Tangent:	𝑦 − 0 = 6(𝑥 − 1)  

 𝑦 = 6𝑥 − 6 

 

Normal: 𝑦 − 0 = − +
0
(𝑥 − 1)  

𝑦 = − +
0
𝑥 + +

0
  

 

6. 𝑦 = !#%

#(+
  

(a) ",
"#
= (#(+)(')A!#$B(!#%

(#(+)$
  

     = !#$[(#(+)(')(#]
(#(+)$

  

     = !#$['#('(#]
(#(+)$

  

     = !#$(!#(')
(#(+)$

  

At 𝑥 = −3,  
",
"#
= !((')$[!((')(']

(('(+)$
  

     = +-((5)
((%)$

  

						= − +0!
+0

  

     = − -+
-

  

(b) When tangent to curve is horizontal, gradient is = 0 
",
"#
= !#$(!#(')

(#(+)$
= 0  
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2𝑥!(2𝑥 − 3) = 0  

2𝑥! = 0  or  2𝑥 − 3 = 0	 

𝑥 = 0   or  𝑥 = '
!
  

𝑆𝑢𝑏 into curve 

𝑦 = !())%

)(+
= 0 or  𝑦 =

!.%$/
%

%
$(+

=
!.$-. /
#
$

= 13.5	 

(0, 0)   and  (1.5, 13.5) 

 

7. Answer 

(𝑦 − 2)! = 𝑥  

𝑦 − 2 = ±√𝑥  

𝑦 = √𝑥 + 2 𝑦 = 2 − √𝑥 
",
"#
= +

!
𝑥(

#
$  ",

"#
= − +

!
𝑥(

#
$ 

 = +
!√#

        = − +
!√#

 

 

𝑥 − 2𝑦 = 4  

2𝑦 = 𝑥 − 4	  

𝑦 = #
!
− 2	  

",
"#
= +

!
  

+
!
= +

!√#
   +

!
= − +

!√#
 

√𝑥 = 1  √𝑥 = −1 (rej)  

𝑥 = 1  

 

For 𝑦 = √𝑥 + 2, when  𝑥 = 1. Start from here as we already rejected 𝑦 = 2 − √𝑥 

𝑦 = 1 + 2     

𝑦 = 3    

 
",
"#
= +

!√#
 so when 𝑥 = 1, ",

"#
= +

!
 

At (1, 3), ",
"#
= +

!
     

𝑦 − 3 = +
!
(𝑥 − 1)    
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𝑦 − 3 = +
!
(𝑥 − 1)   

𝑦 = +
!
𝑥 + &

!
      

2𝑦 = 𝑥 + 5   

  



www.ApexEducators.com 17 

Further Differentiation – Practice Questions 3 Answers 

 
1. Answer (if need to, draw curve/tangent to show student how it looks like) 

(a) 𝑦 = 4𝑥 − 1 
",
"#
= 4 (means gradient is positive) 

Thus	𝑦 = 4𝑥 − 1	is	increasing.  

  

(b) 𝑦 = −9 − 𝑥  
",
"#
= −1 (means gradient is negative) 

Thus	𝑦 = −9 − 𝑥	is	decreasing.  

 

(c) 𝑦 = −(𝑥' + 1) 
",
"#
= −3𝑥! (means gradient is always negative regardless of x value) 

Thus	𝑦	is	decreasing.  

 

(d) 𝑦 = 𝑥! + 2𝑥 
",
"#
= 2𝑥 + 2	 (means gradient is always positive for x > 0) 

Thus	𝑦	is	increasing.  

 

2. 𝑦 = #
#$6+

 

",
"#
= #$6+((#)(!#)

(#$6+)
= #$6+(!#$

(#$6+)
= +(#$

(#$6+)
  

For ",
"#
< 0 (to show decreasing) 

+(#$

(#$6+)
< 0  

1 − 𝑥! < 0  

(1 − 𝑥)(1 + 𝑥) < 0	  

 
𝑥 < −1 or 𝑥 > 1  

(shown) 
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3. f(𝑥) = &#
%#$6+0

 

f′(𝑥) = A%#$6+0B(&)(&#(-#)
(%#$6+0)$

  

   = A%#$6+0B(&)(&#(-#)
(%#$6+0)$

  

   = !)#$6-)(%)#$

(%#$6+0)$
  

   = -)(!)#$

(%#$6+0)$
  

For time interval where absorption is increasing,	f K(#) > 0   
-)(!)#$

(%#$6+0)$
> 0  

80 − 20𝑥! > 0  

4 − 𝑥! > 0  

(2 − 𝑥)(2 + 𝑥) > 0  

 
−2 < 𝑥 < 2  

Since x > 0 (time cannot be negative), 0 < 𝑥 < 2 

 

4. Answer 

(a) 𝑦 = 𝑥! + 4𝑥 
",
"#
= 2𝑥 + 4  

At stationary point, ",
"#
= 0  

2𝑥 + 4 = 0  

𝑥 = −2  

𝑦 = (−2)! + 4(−2) = 4 − 8 = −4  

At (−2, −4) 

x value −2.1 −2 −1.9 

d𝑦
d𝑥 

",
"#
= 2(−2.1) + 4  

     = −0.2 

d𝑦
d𝑥 = 0 

",
"#
= 2(−1.9) + 4  

     = 0.2 

Shape  
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It is a minimum point. 

(Note: can always check with "
$,
"#$

 à  "
$,
"#$

= 2 > 0 à min point)  

 
(b) 𝑦 = −𝑥! + 6𝑥 

",
"#
= −2𝑥 + 6  

At stationary point, ",
"#
= 0  

−2𝑥 + 6 = 0  

−2𝑥 = −6  

𝑥 = 3  

𝑦 = −(−3)! + 6(−3) = −9 − 18 = −27  

At (3, −27) 

x value 2.9 3 3.1 

d𝑦
d𝑥 

",
"#
= −2(2.9) + 6  

     = 0.2 

d𝑦
d𝑥 = 0 

",
"#
= −2(3.1) + 6  

     = −0.2 

Shape  

 

 

 

 

  
 

Max point at (3, −27) 

 

 

(c) 𝑦 = 3𝑥% − 4𝑥' + 5 
",
"#
= 12𝑥' − 12𝑥!  

At stationary point, ",
"#
= 0  

12𝑥' − 12𝑥! = 0  

12𝑥(𝑥 − 1) = 0  

𝑥 = 0	or 𝑥 = 1 

At 𝑥 = 0, 𝑦 = 5 At 𝑥 = 1, 𝑦 = 3 − 4 + 5 = 4 

(0, 5) and (1, 4) are the stationary points: 
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At (0, 5):  

x value −0.1 0 +0.1 

d𝑦
d𝑥 

",
"#
= 12(−0.1)' −

12(−0.1)!  

     = −0.132 

d𝑦
d𝑥 = 0 

",
"#
= 12(0.1)' −

12(0.1)!  

     = −0.108 

Shape  

 

 

 

 

 

 

At (0, 5): inflection point  

 

At (1, 4):  

x value 0.9 1 1.1 

d𝑦
d𝑥 

",
"#
= 12(0.9)' −

12(0.9)!  

     = −0.972 

d𝑦
d𝑥 = 0 

",
"#
= 12(1.1)' −

12(1.1)!  

     = 1.452 

Shape  

 

 

 

 

 

At (1, 4): minimum point  

 

(d) 𝑦 = (#(')$

#
  

",
"#
= #(!)(#(')((#(')$

#$
  

    = !#$(0#(#$60#(5
#$

  

    = #$(5
#$

  

At stationary point, ",
"#
= 0  

#$(5
#$

= 0  

𝑥! − 9 = 0   

𝑥 = ±3  

At 𝑥 = 3, 𝑦 = 0     à (3, 0) 

At 𝑥 = −3, 𝑦 = (('(')$

((')$
= 5

5
= 1 à (−3, 1) 
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At (3, 0),  

x value 2.9 3 3.1 

d𝑦
d𝑥 

",
"#
= (!.5)$(5

!.5$
   

     = −0.070 

d𝑦
d𝑥 = 0 

",
"#
= ('.+)$(5

'.+$
  

     = 0.0635 

Shape  

 

 

 

 

 
 

Min point at (3, 0). 

 

At (−3, 1) 

x value −3.1 −3 −2.9 

d𝑦
d𝑥 

",
"#
= (('.+)$(5

(('.+)$
   

     = 0.0635 

d𝑦
d𝑥 = 0 

",
"#
= ((!.5)$(5

((!.5)$
	  

     = −0.070 

Shape  

 

 

 

 

 
 

Max point at (−3, 1) 

 

5. Answer 

(a) 𝑦 = 𝑥! + 3𝑥 
",
"#
= 2𝑥 + 3  

At stationary point, ",
"#
= 0 

2𝑥 + 3	 = 0  

𝑥 = − '
!
  

𝑦 = )− '
!
*
!
+ 3)'

!
* = − 5

%
  

)− '
!
, − 5

%
*	  

"$,
"#$

= 2 > 0  

Thus, stationary point = )− '
!
, − 5

%
*	 and is a minimum point 
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(b) 𝑦 = 2𝑥 − 𝑥! 
",
"#
= 2 − 2𝑥  

At stationary point, ",
"#
= 0 

2 − 2𝑥	 = 0  

𝑥 = 1  

𝑦 = 2(1) − (1)! = 1  

(1, 1)	  
"$,
"#$

= −2 < 0  

Thus, stationary point = (1, 1)	 and is a maximum point 

 

(c) 𝑦 = 𝑥' − 3𝑥! + 3𝑥 − 7 
",
"#
= 3𝑥! − 6𝑥 + 3  

At stationary point, ",
"#
= 0 

3𝑥! − 6𝑥 + 3 = 0  

𝑥! − 2𝑥 + 1 = 0  

(𝑥 − 1)! = 0  

𝑥 = 1  

𝑦 = 1' − 3(1)! + 3(1) − 7 = 1 − 3 + 3 − 7 = −6	  

(1, −6) 
"$,
"#$

= 6𝑥 − 6 < 0  

At 𝑥 = 1, "
$,
"#$

= 6 − 6 = 0 (cannot use second derivative test) 

 

x value 0.9 1 1.1 

d𝑦
d𝑥 3(0.9)! − 6(0.9) + 3  

     = 0.03 

d𝑦
d𝑥 = 0 3(1.1)! − 6(1.1) + 3  

     = 0.03 

Shape  

 

 

 

 

 
 

Inflection point at (1, −6) 
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(d) 𝑦 = 4𝑥' − 48𝑥 
",
"#
= 12𝑥! − 48  

At stationary point, ",
"#
= 0 

12𝑥! − 48 = 0  

𝑥! − 4 = 0  

𝑥! − 4 = 0  

(𝑥 + 2)(𝑥 − 2) = 0  

𝑥 = 2     or  𝑥 = −2 

𝑦 = 4(2)' − 48(2)   or  𝑦 = 4(−2)' − 48(−2)  

   = −64    or         = 64 

(2, −64)    or (−2, 64)  
"$,
"#$

= 24𝑥  

At (2, −64),	 "
$,
"#$

= 24(2) = 48 > 0  At (−2,64),	 "
$,
"#$

= 24(−2) = −48 < 0 

Min point at (2, −64)    Max point at (−2,64) 

 

6. Answer 

(a)  

𝐻𝑒𝑖𝑔ℎ𝑡 = 15 − 𝑥  

𝑉 = (15 − 𝑥)(𝑥)(𝑥)  

    = (15 − 𝑥)𝑥!	  

    = 15𝑥! − 𝑥'	  

(b)  
"L
"#
= 30𝑥 − 3𝑥!  

At maximum, "L
"#
= 0  

30𝑥 − 3𝑥! 	= 0  

10𝑥 − 𝑥! = 0  

𝑥(10 − 𝑥) = 0  

𝑥 = 0 (reject) or  𝑥 = 10  

Maximum side 𝑥 = 10  

Thus 𝑉 = (15 − 10)(10)(10) = 500	cm'   
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7. Answer 

(a) 𝑆 = 𝑟𝜃  

Perimeter =	7 = 2(𝑟) + 𝑟𝜃 

7 − 2𝑟 = 𝑟𝜃  

𝜃 = $(!E
E

  

𝐴 = +
!
𝑟!𝜃   

𝐴 = +
!
𝑟! )$(!E

E
	*   

    = +
!
𝑟(7 − 2𝑟	) cm2 

(b) Thus,	max Area,  "M
"E
= 0 

𝐴 = +
!
𝑟(7 − 2𝑟	) = $

!
𝑟 − 𝑟!  

"M
"E
= $

!
− 2𝑟   

$
!
− 2𝑟 = 0   

$
!
= 2𝑟   

𝑟 = $
%
  cm 

𝐴 = +
!
)$
%
* g7 − 2 )$

%
*h = %5

+0
= 3 +

+0
	cm!	  

  

8. Answer 

(a) Total surface area = 3.2	cm!	  

𝐴 = 3.2 = 2(2𝑥)(ℎ) + 2𝑥(𝑥) + 2(𝑥)(ℎ)  

3.2 = 4𝑥ℎ + 2𝑥! + 2𝑥ℎ  

3.2 − 2𝑥! = 6𝑥ℎ  

ℎ = '.!(!#$

0#
  

   = '!(!)#$

0)#
  

   = -(&#$

+&#
  

(b) 𝑉 = 2𝑥(𝑥)(ℎ) 

   = 2𝑥!ℎ  
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   = 2𝑥! )-(&#
$

+&#
*  

   = 2𝑥 )-(&#
$

+&
*  

   = +0#(+)#%

+&
  

   = +0#
+&
− +)#%

+&
  

   = +0#
+&
− !#%

'
  

 
"L
"#
= +0

+&
− 0#$

'
	  

Max	𝑉,	 "L
"#
= 0 

+0
+&
− 0#$

'
= 0  

0#$

'
= +0

+&
  

𝑥! = -
+&

   

𝑥 = 0.73	cm (2.d.p) (reject –ve) 

(c) 𝑉 = +0().$'))
+&

− !().$'))%

'
= 0.52	cm' (2.d.p) 

 

 

 

 
 

 

 

 

 

 

 

 

 

   



www.ApexEducators.com 26 

Differentiation (Rate of Change) – Practice Questions 4 Answers 

 
1. "E

"H
= 0.2	cm/s 

"M
"H
= "M

"E
× "E

"H
  

𝐴 = 𝜋𝑟!  
"M
"E
= 2𝜋𝑟  

When	𝑟 = 5,  
"M
"H
= 2𝜋(5) × 0.2 = 2𝜋	cm!/𝑠  

 

2. "N
"H
= 2	cm/s 

"M
"H
= "M

"N
× "N

"H
  

𝐴 = 6 × 𝑠! = 6𝑠!  
"M
"N
= 12𝑠  

When	𝑠 = √125% = 5,  

 "M
"H
= 12(5) × 2 = 120	cm!/𝑠  

  

3. "L
"H
= 20	cm'/s  

"L
"H
= "L

"E
× "E

"H
  

𝑉 = %
'
𝜋	𝑟'  

"L
"E
= 4𝜋𝑟!  

When	S = 100𝜋 = 4𝜋𝑟!, 

 𝑟 = ±√25 = 5 cm (reject negative) 
"E
"H
=	 "L

"H
÷ "L

"E
   

    = 20 ÷ 4𝜋(5)! 

    = 20 ÷ 100𝜋 

    = +
&O
cm/𝑠 
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4. Answer 

(a)  
"#
"H
= 0.05	cm/s  

"M
"H
= "M

"#
× "#

"H
  

𝐴 = 4(𝑥)(8) + 2(𝑥)(𝑥)  

𝐴 = 2𝑥! + 32𝑥  
"M
"#
= 4𝑥 + 32  

 

When	A = 210, 210 = 2𝑥! + 32𝑥  

2𝑥! + 32𝑥 − 210 = 0   

𝑥! + 16𝑥 − 105 = 0   

(𝑥 + 21)(𝑥 − 5) = 0  

𝑥 = 5 or 𝑥 = −21 (rejected)  

 
"M
"H
= [(4)(5) + 32] × 0.05 = 2.6	cm!/𝑠		   

 

(b)  
"L
"H
= "L

"#
× "#

"H
  

𝑉 = 8𝑥!  
"L
"#
= 16𝑥  

When 𝑥 = 5, 
"L
"H
= 16(5) × 0.05 = 4	cm'/𝑠		  

 

5. Method 1:  
"L
"H
= 10  

"M
"H
= "M

"L
× "L

"H
  

𝑉 = %
'
𝜋𝑟'  

'L
%O
= 𝑟'  

𝑟 = )'L
%O
*
#
%  
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𝐴 = 4𝜋𝑟! = 4𝜋 )'L
%O
*
$
%  

"M
"L
= 4𝜋 )!

'
* )'L

%O
*
(#% ) '

%O
* = 2 )'L

%O
*
(#%   

At	𝑟 = 8, 𝑉 = %
'
𝜋(8)' = !)%-

'
𝜋 

"M
"H
= 2)'L

%O
*
(#% 	× 10  

     = 2r
'.$/!.% O/

%O
s
(#%
	× 10   

     = 2(512)(
#
% 	× 10   

     = 2(512)(
#
% 	× 10   

     = 2.5	m!/s   

 

Method 2:  
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6. Answer 

 
 

7. Answer  
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Differentiation (Trigo, Log and Exp) – Practice Questions 5 Answers 

 
1. Answer  

(a) "
"#
(4 sin 7𝑥 − 𝑥) = 7(4 cos 7𝑥) − 1 

       = 28 cos 7𝑥 − 1 

(b) "
"#
(cos 7𝑥 + sin 3𝑥) = −7 sin 7𝑥 + 3 cos 3𝑥 

(c) "
"#
)cos )O

'
− '

!
𝑥** = − '

!
)− sin )O

'
− '

!
𝑥** 

      = '
!
sin )O

'
− '

!
𝑥* 

 
2. Answer 

(a) "
"#
(sec 𝑥) = "

"#
) +
PQR #

*    = "
"#
(cos(+ 𝑥) 

    = PQR #())(+(( RST #)
PQR$ #

    = −cos(! 𝑥 (− sin 𝑥) 

    = RST #
PQR$ #

     = −sec! 𝑥 (− sin 𝑥) 

    = sin 𝑥 sec! 𝑥  

 

(b) "
"#
(cosec 2𝑥) = "

"#
) +
RST !#

*   = "
"#
(sin(+ 2𝑥) 

           = RST !#())(+(! PQR !#)
RST$ !#

               = −sin(! 2𝑥 (cos 2𝑥)(2) 

           = (! PQR !#
RST$ !#

               = −cosec! 2𝑥 (cos 2𝑥)(2) 

           = −2 cos 2𝑥 cosec! 2𝑥  

(c) "
"#
(sec! 3𝑥) = "

"#
) +
PQR$ '#

*     = "
"#
(cos(! 3𝑥) 

               = PQR$ '#())(+(! PQR '#)((RST '#)(')
PQR! '#

    = −2(cos(' 3𝑥)(− sin 3𝑥)(3) 

               = 0 PQR '# RST '#
PQR! '#

       = 6(cos(' 3𝑥)(sin 3𝑥) 

               = 0 RST '#
PQR% '#

       = 6 sin 3𝑥 sec' 3𝑥    

               = 6 sin 3𝑥 sec' 3𝑥    

3. Answer 

(a) "
"#
(𝑥 tan 𝑥) = 𝑥 "

"#
tan 𝑥 + tan 𝑥 "

"#
𝑥 

        = 𝑥(sec! 𝑥) + tan 𝑥  

        = 𝑥 sec! 𝑥 + tan 𝑥  
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(b) "
"#
(5 sin 3𝑥 cos 2𝑥) = (5 sin 3𝑥) "

"#
cos 2𝑥 + cos 2𝑥 "

"#
(5 sin 3𝑥) 

         = 5 sin 3𝑥 (−2 sin 2𝑥) + cos 2𝑥 (15 cos 3𝑥) 

         = −10 sin 2𝑥 sin 3𝑥 + 15 cos 2𝑥 cos 3𝑥 

 

(c) "
"#
(3 tan 𝑥 cos! 4𝑥) = (3 tan 𝑥) "

"#
cos! 4𝑥 + cos! 4𝑥 "

"#
(3 tan 𝑥) 

         = 3 tan 𝑥 (2 cos 4𝑥)(− sin 4𝑥)(4) + cos! 4𝑥 (3 sec! 𝑥) 

         = −24 tan 𝑥 cos 4𝑥 sin 4𝑥 + 3 sec! 𝑥 cos! 4𝑥 

 
4. Answer 

(a) "
"#
[ln(4 − 𝑥!)] = +

%(#$
(−2𝑥) 

     = (!#
%(#$

 

(b) "
"#
Gln &#('

'#6$
H = "

"#
[ln(5𝑥 − 3) − ln(3𝑥 + 7)] 

       = +
&#('

(5) − +
'#6$

(3)  

          = &
&#('

− '
'#6$

 

(c) "
"#
Gln !#6'

'#(%
H = "

"#
[ln(2𝑥 + 3) − ln(3𝑥 − 4)] 

       = +
!#6'

(2) − +
'#(%

(3)  

       = !
!#6'

− '
'#(%

  

(d) "
"#
Gln +

('#(&)%
H = "

"#
[ln(3𝑥 − 5)('] 

            = "
"#
[−3ln(3𝑥 − 5)]	  

            = −3 ) +
'#(&

* (3)	  

            = (5
'#(&

	  

 

(e) "
"#
vln √6𝑥! − 3w = "

"#
Gln(6𝑥! − 3)

#
$H   

    = "
"#
G+
!
ln(6𝑥! − 3)+H   

    = +
!
) +
(0#$(')

* "
"#
(6𝑥! − 3) 

    = +!#
0(!#$(+)

  

    = !#
(!#$(+)
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5. Answer 

(a) 𝑦 = log& sin 𝑥	 

   = UT RST #
UT &

  

",
"#
= +

UT &
"
"#
ln sin 𝑥   

     = +
UT &

) +
RST #

* (cos 𝑥)  

     = PQV #
UT &

 or       = +
UT & VWT #

 

 

(b) 𝑦 = log' 4𝑥
#
$	 

   = UT %#
#
$

UT '
  

   =
#
$ UT %#

UT '
  

   = UT %#
! UT '

  

",
"#
= +

!UT '
"
"#
ln 4𝑥  

     = +
UT 5

) +
%#
* 4 

     = +
# UT 5

 

 

(c) 𝑒, = 2𝑥' + 7𝑥	

ln	(eX) = ln	(2𝑥' + 7𝑥)		

𝑦 = ln	(2𝑥' + 7𝑥)		
",
"#
= +

!#%6$#
(6𝑥! + 7)		

					= 0#$6$
!#%6$#

		

	
(d) 𝑒, = 𝑠𝑒𝑐 𝑥	

ln	(eX) = ln	(𝑠𝑒𝑐 𝑥)		

𝑦 = ln	(𝑠𝑒𝑐 𝑥)		
",
"#
= +

RYP #
"
"#
sec 𝑥		

					= +
RYP #

"
"#
) +
PQR #

	*		

					= +
RYP #

GPQR #())(+(( RST #)
PQR$ #

H	
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					= +
#

0123
G RST #
PQR$ #

H	

					= cos 𝑥 G RST #
PQR$ #

H	

					= RST #
PQR #

	

					= tan 𝑥	

6. Answer 

(a) "
"#
(e(%#) = e(%# "

"#
(−4𝑥) 

    = −4e(%#		

(b) "
"#
)e# + +

Y3
* = e# + e(# 

          	= e# + e(# "
"#
(−𝑥) 

         	= e# − e(# 

         	= e# − +
Y3

 

(c) "
"#
>eRST !#? = eRST !# "

"#
(sin 2𝑥) 

       = eRST !#(cos 2𝑥)(2) 

       = 2eRST !# cos 2𝑥 

(d) "
"#
(eVWT #) = eVWT # "

"#
(tan 𝑥) 

      = eVWT #(sec! 𝑥) 

      = eVWT # sec! 𝑥 

(e) "
"#
)# PQR #

Y3
* = "

"#
(e(#𝑥 cos 𝑥) 

        = e(#𝑥 "
"#
(cos 𝑥) + cos 𝑥 "

"#
(e(#𝑥) 

       = e(#𝑥(− sin 𝑥) + cos 𝑥 Ge(# "
"#
(𝑥) + 𝑥 "

"#
(e(#)H 

       = e(#𝑥(− sin 𝑥) + cos 𝑥 [e(# − 𝑥e(#] 

       = e(#𝑥(− sin 𝑥) + e(# cos 𝑥 [1 − 𝑥] 

       = e(#[−𝑥 sin 𝑥 + cos 𝑥 − 𝑥 cos 𝑥] 

       = (# RST #6PQR #(# PQR #
Y3

 

OR 

"
"#
)# PQR #

Y3
* =

Y3 4
43
(# PQR #)((# PQR #) 443Y

3

Y$3
  

     = Y3[#(( RST #)6PQR #](Y3# PQR #
Y$3
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     = Y3[(# RST #6PQR #(# PQR #]
Y$3

  

     = (# RST #6PQR #(# PQR #
Y3
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Differentiation – Exam Questions Answers 

 
1. Answer 
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2. Answer 

 
3. Answer 
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4. Answer 

 
 

5. Answer 
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6. Answer 

 
 

7. Answer  

(a) Answer  

 
(b)  
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8. Answer 

(a)  
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(b)  

 
 

9. Answer 
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10. Answer 

(a)  

 
 

(b) Answer 
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11. Answer 

(a)  

 
(b)  

 
 

12. Answer 

(a)  
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(b) Answer 

 
 

13. Answer 

 
 

14. Answer  
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15. Answer 

(a)  

 
 

(b)  
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16. Answer 

(a) 𝑦 = 𝑘𝑥√2𝑥 + 3 

",
"#
= 𝑘𝑥 )+

!
* (2𝑥 + 3)(

#
$(2) + (2𝑥 + 3)

#
$(𝑘)  

					= 𝑘𝑥(2𝑥 + 3)(
#
$ + (2𝑥 + 3)

#
$(𝑘)	

				= 𝑘(2𝑥 + 3)(
#
$[𝑥 + (2𝑥 + 3)+]	

				= Z8#6(!#6')#9
√!#6'

	

				= Z('#6')
√!#6'

	

				= 'Z(#6+)
√!#6'

	(done)	

	
(b) ",

"H
= 3 "#

"H
		

",
"H
= ",

"#
× "#

"H
			

At	𝑥 = 3,	
",
"H
= 'Z('6+)

?!(')6'
	× "#

"H
			

3 "#
"H
= 'Z('6+)

?!(')6'
	× "#

"H
			

3 = +!Z
√5
				

3(3) = 12𝑘				

𝑘 = 5
+!
= '

%
			

	

17. f(𝑥) = 𝑥𝑒(# + 𝑘𝑒
%
"#	

f	′(𝑥) = 𝑥(−𝑒(#) + 𝑒(#(1) + '
&
𝑘𝑒

%
"#		

				= −𝑥𝑒(# + 𝑒(# + '
&
𝑘𝑒

%
"#		

f	′(0) = −(0)𝑒) + 𝑒) + '
&
𝑘𝑒

%
"()) = 5		

1 + '
&
𝑘 = 5		

'
&
𝑘 = 4		

𝑘 = !)
'
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18. Answer 
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19. Answer 
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20. Answer


