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8. A lorry is driven between London and Newcastle.

 In a simple model, the cost of the journey £C when the lorry is driven at a steady speed 
of v kilometres per hour is 

C = 
v

 + 
2
11

v
 + 60

 (a) Find, according to this model,

  (i) the value of v that minimises the cost of the journey,

  (ii) the minimum cost of the journey.
  (Solutions based entirely on graphical or numerical methods are not acceptable.)

(6)

 (b) Prove by using d
d

2

2

C
v

 that the cost is minimised at the speed found in (a)(i).
(2)

 (c) State one limitation of this model.
(1)
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)LJXUH��

� )LJXUH���VKRZV�D�VNHWFK�RI�SDUW�RI�WKH�FXUYH�ZLWK�HTXDWLRQ

y� ��x��±���x������x

� 7KH�FXUYH�KDV�D�PLQLPXP�WXUQLQJ�SRLQW�DW�x� �k�

� 7KH�UHJLRQ�R��VKRZQ�VKDGHG�LQ�)LJXUH����LV�ERXQGHG�E\�WKH�FXUYH��WKH�x�D[LV�DQG�WKH�OLQH�
ZLWK�HTXDWLRQ�x� �k�

� 6KRZ�WKDW�WKH�DUHD�RI�R�LV�
256

3

� �Solutions based entirely on graphical or numerical methods are not acceptable��
���
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l
I

i

a dud 6 2 34 40 0
d

3 x S 2x 8 O
X X 4

3

X corresponds to the 1st

turning point so x 4 is the

one we are after ie K 4
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Anear zx3 17 2 40 7 dx

2 4
4

17 731 20 140

1256 151641 20116

128 1 8 320

448 103
88

2536
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!"# $ coPSan\ decides to Panufacture a soft drinNs can Zith a caSacit\ of 5�� Pl� 

  7he coPSan\ Podels the can in the shaSe of a riJht circular c\linder Zith radius ! cP 
and heiJht K cP� 

  ,n the Podel the\ assuPe that the can is Pade froP a Petal of neJliJiEle thicNness�

  (a)  3rove that the total surface area, " cP2, of the can is Jiven E\

" = 2ʌ! 2!"
����
! $%&

! #$%&'!()*(!! can var\,

  (E)  find the diPensions of a can that has PiniPuP surface area�
$'&

  (c) :ith reference to the shaSe of the can, suJJest a reason Zh\ the coPSan\ Pa\ 
choose not to Panufacture a can Zith PiniPuP surface area�

$!&
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#* !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

FREEWARE
• •
µ
" n µ

h=s→

qp÷÷÷÷÷⇒ . µ
S = Zar

2 t
'°¥

""" +
"

" ①

⑧⑧§÷÷÷÷÷÷÷÷÷÷÷÷_•-o-⑤M_gggAAgÉ÷÷÷
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!"# $ coPSan\ decides to Panufacture a soft drinNs can Zith a caSacit\ of 5�� Pl� 

  7he coPSan\ Podels the can in the shaSe of a riJht circular c\linder Zith radius ! cP 
and heiJht K cP� 

  ,n the Podel the\ assuPe that the can is Pade froP a Petal of neJliJiEle thicNness�

  (a)  3rove that the total surface area, " cP2, of the can is Jiven E\

" = 2ʌ! 2!"
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! #$%&'!()*(!! can var\,

  (E)  find the diPensions of a can that has PiniPuP surface area�
$'&

  (c) :ith reference to the shaSe of the can, suJJest a reason Zh\ the coPSan\ Pa\ 
choose not to Panufacture a can Zith PiniPuP surface area�
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_µ-⇒e•_←→FFAqq•h=

c.s.no ly
µµ÷÷÷÷÷÷÷÷÷÷:÷÷+. is

then the can is square in profile - but our cans am

|

fog
"""" ""

i.
}
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2. A curve C has equation

y = x2 − 2x − 24 x,    x > 0

 (a) Find (i) 
d
d
y
x

   (ii) 
d
d

2

2

y
x (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)
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PMTEfg

*

..pÉt**☒☒*☒⇐☒⇐*µµqh
0¥ = 2x - 2 - hoc

-

"

%I:::÷::÷÷÷÷÷÷÷:÷"µ'B•p
b) day, = 2x - 2 - l 2x

-

'"

' "" " "
÷÷÷
. 1•qqqaµ¥¥⇐µ d /

✗ = ,

= 214) - 2 - 12 ( a )
-

y
¥, /✗ = ,

= Or ,
hence a stationary point at

DC = 4.✓

µ-•BBA@Gg@B_@⑨T-
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Question 2 continued
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(Total for Question 2 is 7 marks)

BHFF.aec) d¥i= 2+6×-3
"

da;÷|,,=a > o → minimum

qq.pk,
=÷÷÷÷÷÷ ,µ⑧µ 8%1*4=2+6 'M

-

"

I

%÷|,, , 4=2.75
> Or hence stationary point

" " """"

|
*¥¥¥¥¥¥*•aqBq•É•••

*
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13.

r m

r m

h m

Figure 9

[A sphere of radius r has volume 
4
3
ʌU࣠3 and surface area 4ʌU࣠2]  

 A manufacturer produces a storage tank.

 The tank is modelled in the shape of a hollow circular cylinder closed at one end with a 
hemispherical shell at the other end as shown in Figure 9. 

 The walls of the tank are assumed to have negligible thickness.

 The cylinder has radius r metres and height h metres and the hemisphere has radius r metres.

 The volume of the tank is 6 m3.

 (a) Show that, according to the model, the surface area of the tank, in m2, is given by  

12
r

 + 
5
3

 ʌU࣠2

(4)

 The manufacturer needs to minimise the surface area of the tank.

 (b) Use calculus to find the radius of the tank for which the surface area is a minimum.
(4)

 (c) Calculate the minimum surface area of the tank, giving your answer to the nearest integer.
(2)
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Question 13 continued
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  

2.	 Given that

f (x) = x2 − 4x + 5            x ∈ 

	 (a)	 express f (x) in the form (x + a)2 + b where a and b are integers to be found.
(2)

	 The curve with equation y = f (x) 
•	 meets the y-axis at the point P
•	 has a minimum turning point at the point Q

	 (b)	Write down 

		  (i)	 the coordinates of P

		  (ii)	the coordinates of Q
(2)
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  

12. 
H

xO
3

Figure 3

	 Figure 3 is a graph of the trajectory of a golf ball after the ball has been hit until it first 
hits the ground.

	 The vertical height, H metres, of the ball above the ground has been plotted against the 
horizontal distance travelled, x metres, measured from where the ball was hit.

	 The ball is modelled as a particle travelling in a vertical plane above horizontal ground.

	 Given that the ball

•	 is hit from a point on the top of a platform of vertical height 3 m above the ground
•	 reaches its maximum vertical height after travelling a horizontal distance of 90 m
•	 is at a vertical height of 27 m above the ground after travelling a horizontal 

distance of 120 m

	 Given also that H is modelled as a quadratic function in x

	 (a)	 find H in terms of x
(5)

	 (b)	Hence find, according to the model,

		  (i)	 the maximum vertical height of the ball above the ground,

		  (ii)	the horizontal distance travelled by the ball, from when it was hit to when it first 
hits the ground, giving your answer to the nearest metre. 

(3)

	 (c)	 The possible effects of wind or air resistance are two limitations of the model. 
		  Give one other limitation of this model.

(1)
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

Question 12 continued
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  

Question 12 continued
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  

5.	 The curve C has equation

y = 5x4 – 24x3 + 42x2 – 32x + 11        x ∈ 

	 (a)	 Find

		  (i)	 d
d
y
x

		  (ii)	 d
d

2

2

y
x (3)

	 (b)	 (i)	 Verify that C has a stationary point at x = 1

		  (ii)	Show that this stationary point is a point of inflection, giving reasons for 
your answer.

(4)
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