Mathematics Questions

Question 1

The temperature 
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at any point (x,y) on a plate is given by the function below. It has a stationary point.

(a) Find the x coordinate of the stationary point. Give your answer to AT LEAST THREE PLACES OF DECIMALS. Type in the number only ie leave out the "x=" (5 marks)

(b) Find the y coordinate of the stationary point. Give your answer to AT LEAST THREE PLACES OF DECIMALS. Type in the number only ie leave out the "y=" (5 marks)

(c) What is the nature of the stationary point?
Saddle (enter 1)
Maximum (enter 2)
Minimum (enter 3) (5 marks)

(d) Find the value of the temperature at the stationary point. Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only ie leave out the "T=" (2 marks)

Question 2

An open top rectangular storage tank has a volume of 14 cubic units. Your task, as a designer, is to find the dimensions of tank such that the surface area of the tank is minimised, thus minimising construction material costs.

(a) When you have found the dimensions you should have found that the length and width have the same value by symmetry. What is this common value?. Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only. (5 marks)

(b) What is the value of the height of the tank? Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only. (3 marks)

(c) Find the minimum surface area of the contruction material required. Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only. (2 marks)

Question 3

The velocity v in a fluid in a two dimensional model at any point (x,y) in the flow is given by the function below.
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Find the stationary points for this function

(a) Find the x coordinate of the stationary point with the larger x coordinate. Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only ie leave out the "x=" (4 marks)

(b) Find the corresponding y coordinate of the stationary point whose x coordinate you have given in (i). Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only ie leave out the "y=" (4 marks)

(c) What is the nature of this stationary point?
Saddle (enter 1)
Maximum (enter 2)
Minimum (enter 3) (2 marks)

(d) Find the value of the velocity at this stationary point. Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only ie leave out the "v=" (2 marks)

(e) Find the x coordinate of the stationary point with the smaller x coordinate. Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only ie leave out the "x=" (4 marks)

(f) Find the corresponding y coordinate of the stationary point whose x coordinate you have given in (v). Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only ie leave out the "y=" (4 marks)

(g) What is the nature of this stationary point?
Saddle (enter 1)
Maximum (enter 2)
Minimum (enter 3) (2 marks)

(h) Find the value of the velocity at this stationary point. Give your answer to AT LEAST TWO PLACES OF DECIMALS. Type in the number only ie leave out the "v=" (2 marks)

Question 4

A sports stadium is lit by four floodlights standing at the four corners of a rectangle which contains the rectangular pitch placed symmetrically inside it. The length of the rectangle is 144 metres and the width is 86 metres. This question is concerned with finding the common optimal height for the floodlights giving 'best' illumination of the pitch. 
A coordinate system is set up with the origin at the centre of the pitch. The [image: image3.png]


axis points along the pitch and the [image: image4.png]


axis points across the pitch. 
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by a single light of power [image: image7.png]


positioned at a height [image: image8.png]
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on the pitch is given by 
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The luminance at any point on the pitch is given by the sum of the luminance’s at that point from each light. The power for each light is 1,516,150 units

(a) Find the value of [image: image11.png]


 for which the luminance at the centre of the pitch takes its maximum value. Type in the number only and give your answer to AT LEAST 1 DECIMAL PLACE. (8 marks)

(b) With the floodlights constructed at this optimal value of [image: image12.png]


, use DERIVE to make a 3D plot of the luminance as a function of [image: image13.png]


and [image: image14.png]


. You should find that the darkest point on the pitch is not the centre. Give an exact value of the [image: image15.png]


coordinate of the darkest point
Type in the number only (2 marks)

(c) Give an exact value of the [image: image16.png]


coordinate of the darkest point. Type in the number only. (2 marks)

(d) It is decided to adjust the common height of the floodlights in order to give maximum luminance at the darkest points. At what height should the lights be placed? Type in the number only and give your answer to AT LEAST 1 DECIMAL PLACE. (8 marks)

(e) With the floodlights set at this revised height, what is the luminance at the darkest point? Give your answer to AT LEAST 1 DECIMAL PLACE. (3 marks)
