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Question 1
[Maximum mark: 15]

The Happy Straw Company manufactures drinking straws.

The straws are packaged in small closed rectangular boxes, each with length 8 cm, width 4 cm
and height 3 cm. The information is shown in the diagram.
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(a) Calculate the surface area of the box in cm’.

(b) Calculate the length AG.

Each week, the Happy Straw Company sells x boxes of straws. It is known that E =—2x+220,
x =0, where P is the weekly profit, in dollars, from the sale of x thousand boxes.

(c) Find the number of boxes that should be sold each week to maximize the profit.
The profit from the sale of 20000 boxes is $1700.
(d) Find P(x).

(e) Find the least number of boxes which must be sold each week in order to make a profit.
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Question 2
[Maximum mark: 13]
The cross-sectional view of a tunnel is shown on the axes below. The line [AB] represents

a vertical wall located at the left side of the tunnel. The height, in metres, of the tunnel above
the horizontal ground is modelled by y =—0.1x" + 0.8x", 2 <x < 8, relative to an origin O.
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Point A has coordinates (2, 0), point B has coordinates (2, 2.4), and point C has
coordinates (8, 0).

(a () Find %
(i) Hence find the maximum height of the tunnel. [6]

When x =4 the height of the tunnel is 6.4m and when x = 6 the height of the funnel is 7.2m.
These points are shown as D and E on the diagram, respectively.

(b) Use the trapezoidal rule, with three intervals, to estimate the cross-sectional area of
the tunnel. [3]

{(c) (1) Wnte down the integral which can be used to find the cross-sectional area of
the tunnel.

(i) Hence find the cross-sectional area of the tunnel. [4]



Question 3

[Maximum mark: 16]

A hollow chocolate box is manufactured in the form of a right prism with a regular hexagonal
base. The height of the prism is /7cm, and the top and base of the prism have sides of

length xcm.
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(a) Given that sin60° = % show that the area of the base of the box is equal to 3”§x2.
(b) Given that the total external surface area of the box is 1200 cm?, show that the volume
of the box may be expressed as 7= 30043 x — %xj.
(c) Sketch the graph of ¥7=300V3x — %gﬁ for 0<x<16.
(d) Find an expression for ‘31—5
(e) Find the value of x which maximizes the volume of the box.
(f) Hence, or otherwise, find the maximum possible volume of the box.

The box will contain spherical chocolates. The production manager assumes that they can
calculate the exact number of chocolates in each box by dividing the volume of the box by
the volume of a single chocolate and then rounding down to the nearest integer.
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Explain why the production manager is incorrect.
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Question 4

[Maximum mark: 17]

Linda owns a field, represented by the shaded region R. The plan view of the field is shown
in the following diagram, where both axes represent distance and are measured in metres.
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The segments [AB], [CD] and [AD] respectively represent the western, eastern and
southern boundaries of the field. The function, f(x), models the northern boundary of
the field between points B and C and is given by

2
f(x):%+2x+30,for 0<x<70.

(@ (i) Find f'(x).
(i) Hence find the coordinates of the point on the field that is furthest north. [5]

Point A has coordinates (0. 0), point B has coordinates (0. 30), point C has coordinates
(70, 72) and point D has coordinates (70, 0).

(b) (i) Write down the integral which can be used to find the area of the shaded region R.

(i) Find the area of Linda’s field. [4]



Linda used the trapezoidal rule with ten intervals to estimate the area. This calculation
underestimated the area by 11.4m’.

(c) (i) Calculate the percentage error in Linda’s estimate.

(i)  Suggest how Linda might be able to reduce the error whilst still using the
trapezoidal rule.

Linda would like to construct a building on her field. The square foundation of the building,
EFGH, will be located such that [EH] is on the southern boundary and point F is on the
northern boundary of the property. A possible location of the foundation of the building is
shown in the following diagram.

North
}.'
90 -
60
30, »
- | [ [
0| E 30 H 40 90 2

The area of the square foundation will be largest when [GH] lies on [CD].

(d) (i) Findthe x-coordinate of point E for the largest area of the square foundation
of building EFGH.

(i)  Find the largest area of the foundation.
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