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TURN OVER 

1. (i) If 𝑦 = 2𝑥2 − 4𝑥 − 𝑥2√𝑥,    𝑥 > 0   

  (a) Find 
𝑑𝑦

𝑑𝑥
         (3) 

  (b) Find the value of k such that  

         
𝑑2𝑦

𝑑𝑥2
+ 𝑘√𝑥 = 4   (3) 

 

 (ii) The curve C has equation 𝑦 = 3𝑥3 − 2𝑥2 

  Find the equation of the normal to C at 𝑥 = −1 

  Give your answer in the form 𝑎𝑥 + 𝑏𝑦 + 𝑐 = 0, where 𝑎, 𝑏 and 𝑐 are integers. (5) 

(Total 11 marks) 

___________________________________________________________________________ 

 

 

2.  A curve C has equation    

y = x2 − 2x − 24x,    x > 0.  

 

(a) Find (i) 
x

y

d

d
, 

 

  (ii) 
2

2

d

d

x

y
.  

(3) 

 

(b)  Verify that C has a stationary point when x = 4. 

(2) 

 

(c)  Determine the nature of this stationary point, giving a reason for your answer. 

(2) 

(Total 7 marks) 

___________________________________________________________________________ 

 

 

3.  Prove, from first principles, that the derivative of   5𝑥2 is  10𝑥   

 

           (Total 4 marks) 

 

 

 

 

 



 

4.  

 

Figure 2 shows a sketch of the curve C1 with equation y = f(x) where 

f(x) = (x – 2)2(2x + 1), x ∈ ℝ 

The curve crosses the x-axis at 
1

,0
2

 
− 

 
, touches it at (2, 0) and crosses the 

y-axis at (0, 4). There is a maximum turning point at the point marked P. 

 

(a) Use f ′(x) to find the exact coordinates of the turning point P. 

(7) 

 

A second curve C2 has equation y = f(x + 1). 

(b) Write down an equation of the curve C2 

You may leave your equation in a factorised form. 

(1) 

(c) Use your answer to part (b) to find the coordinates of the point where the curve C2 

meets the y-axis. 

(2) 

(d) Write down the coordinates of the two turning points on the curve C2 

(2) 

(e) Sketch the curve C2, with equation y = f(x + 1), giving the coordinates of the points 

where the curve crosses or touches the x-axis. 

(3) 

(Total 15 marks) 

__________________________________________________________________________ 

 

 

 TURN OVER 



5. 
 

 

 

 

 

 

 

 

Fig. 3 

 

 

 

 

 

 

A manufacturer produces cartons for fruit juice. Each carton is in the shape of a closed cuboid 

with base dimensions 2x cm by x cm and height h cm, as shown in Fig. 3. 

 

Given that the capacity of a carton has to be 1030 cm3, and the surface area is A cm2. 

 

Use calculus to find the minimum surface area A, as x varies and show that this value is a 

minimum. 

(Total 13 marks) 

 

 

_______________________________________________________ 
 

 

 

END OF EXAM 
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Deconstructed AS Differentiation Questions 

1. The curve C has equation 

 

y = 2x3 – 5x2 – 4x + 2. 

  

 Find the turning points of C and determine their nature. 

 

 (10 marks) 

 ___________________________________________________________________________ 

2. A diesel lorry is driven from Birmingham to Bury at a steady speed of v kilometres per hour. 

The total cost of the journey, £C, is given by 

 

C = 
v

1400
 + 

7

2v
. 

 

 Calculate the minimum total cost of the journey and show that it is a minimum. 

(9 marks) 

___________________________________________________________________________ 

 

3. 
 

 

 

 

 

  Figure 1 

 

  

 Figure 1 shows a solid brick in the shape of a cuboid measuring 2x cm by x cm by y cm. 

 

 The total surface area of the brick is 600 cm2. 

 

Given that x varies, 

 

 (a) use calculus to find the maximum value of V, giving your answer to the nearest cm3.  

(9) 

(b) Justify that the value of V you have found is a maximum. 

(2) 

(11 marks) 
_______________________________________________________________________________ 

4. The curve C has equation y = 12(x) – 2

3

x – 10,  x > 0. 

 

Use calculus to find the coordinates of the turning point on C and determine the nature of  

this turning point.  

 (10 marks) 
 

2x cm 

x cm 

y cm 



5.  A solid right circular cylinder has radius r cm and height h cm. 
 

The total surface area of the cylinder is 800 cm2 . 
 

Given that r varies, 
 

(a)  use calculus to find the maximum value of V, to the nearest cm3. 

(10) 

(b)  Justify that the value of V you have found is a maximum. 

(2) 

(12 marks) 

_________________________________________________________________________ 
 

6. The curve C has equation y = 4x2 + 
x

x5
,  x  0. The point P on C has x-coordinate 1. 

 

 If the tangent at P meets the x-axis at the point (k, 0), find the value of k.(a)  

(10 marks) 
 

________________________________________________________________________________ 

7. The curve C has equation y = 4x + 2

3

3x  – 2x2,    x > 0. 

 

 P(4, 8) lies on C 

 

The normal to C at P cuts the x-axis at the point Q. 

 

Find the length PQ, giving your answer in a simplified surd form. 

(10 marks) 

_____________________________________________________________________ 
 

8. The curve C has equation 

 

y = 9 – 4x – 
x

8
,     x > 0. 

 

 The point P on C has x-coordinate equal to 2. 

 

 The tangent at P meets the x-axis at A and the normal at P meets the x-axis at B. 

 

 Find the area of the triangle APB. 

(13 marks) 
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1. Given 

 

4
4,y x

x
    x > 0 

find the value of 
  

dy

dx  
when x = 8, writing your answer in the form   a 2 , where a is a 

rational number. 

(Total 5 marks) 

___________________________________________________________________ 
 

 

2. Show that the normal to the curve C with equation 

y = x3 – 9x2 + 26x – 18 

at the point (4, 6) which lies on C, cuts the x-axis at (16,0) 

 (Total 6 marks)  

___________________________________________________________________ 
 

 

3. f(x) = 
 

2

4 3 x

x


 , x > 0 

 

(a) Show that f(x) = Ax–1 + Bxk + C, where A, B, C and k are constants to be 

 determined. 

(4) 

(b) Hence find f ′(x). 

(2) 

(c) Find an equation of the tangent to the curve y = f(x) at the point 

 where x = 4 

(4) 

(Total 10 marks) 

____________________________________________________________________ 

 
 

4. Prove, from first principles, that the derivative of 7𝑥3 is  21𝑥2    

 

            (Total 4 marks) 
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5. The curve C has equation 
48

4 8,y x x
x

    x > 0 

(a) Find, simplifying each term, 

 (i) 
  

dy

dx
 

 (ii) 
2

2

d

d

y

x
 

(5) 

(b) Use part (a) to find the exact coordinates of the stationary point of C. 

(5) 

(c) Determine whether the stationary point of C is a maximum or minimum, giving a 

 reason for your answer. 

(2) 

(Total 12 marks) 

___________________________________________________________________________ 

 

 

5.  A pencil holder is in the shape of an open circular cylinder of radius r cm and height h cm. 

 

 The surface area of the cylinder (including the base) is 250 cm2.   

(a)  Show that the volume, V
3cm , of the cylinder is given by V = 125r  

2

3r
. 

 (4) 

(b)  Use calculus to find the value of r for which V has a stationary value. 

 (3) 

(c)  Prove that the value of r you found in part (b) gives a maximum value for V. 

 (2) 

(d)  Calculate, to the nearest cm3, the maximum volume of the pencil holder.  

    (2)  

(Total 11 marks) 

 

  

 

 

TOTAL FOR PAPER: 48 MARKS 
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C2 Maximum and Minimum Problems 
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