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Question 1

A building materials store buys stone chips to use in making concrete. The supplies arrive in mixed sizes and are then mechanically sorted according to size into three grades A, B and C.

Grade
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The store’s net profit per tonne for each grade is shown in the following table.

Grade
Profit per tonne

A
$200

B
$100

C
Minus $20

It has already been determined that the size distribution of the stone chips can be approximated by a normal distribution with a mean of 135 and a standard deviation of 14.

Write all answers to the third decimal place unless stated otherwise.

(a)    Find the probability that a randomly chosen stone chip belongs to grade C.                     2 marks

(b)    Find the probability that a randomly chosen stone chip belongs to grade A.                    1 mark

(c)    Find the expected net profit from an incoming shipment of a tonne of stone chips in mixed sizes.

                                                                                                                                                    2 marks

A boy gets ten of the stone chips at random before they are sorted.

(d)    What is the probability that more than two out of the ten stone chips have 
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After all the grade C stone chips are removed, the boy gets another ten stone chips from the remaining pile that consists of only grade A and grade B stone chips.

(e)    What is the probability that more than two out of the ten stone chips have 
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From another supplier of stone chips the size distribution can also be approximated by a normal distribution with 
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(f)    Find the mean and standard deviation of x of the stone chips from the second supplier.  4 marks

(g)    From which supplier should the store buy the stone chips when profit is the only consideration? Show relevant calculations to support your answer.                                                                  2 marks

Question 2

A swimming pool is to be filled with water. The filling timer is set to turn off 
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 hours after the start. The volume of water V (litres) that flows into the pool at time t (hours) is given by
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There is a drain that prevents the pool from overfilled, so that the volume of water in the pool becomes constant at 166,000 litres.

(a)    At what time (in hour, 3 decimal places) does the water level become steady?                   1 mark

(b)    How much water (nearest litre) will go down the drain?                                                      1 mark

(c)    Use calculus to find the rate of increase in the volume of water (nearest 100-litre per hour) in the pool at 
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.                                                                                                                                  2 marks

(d)    Use calculus to find the maximum rate of increase in the volume of water (nearest 100-litre per hour) in the pool.                                                                                                                           3 marks

(e)    Find the maximum rate of flow of water (nearest 100-litre per hour) down the drain.        1 mark

The bottom of the pool is horizontal and the walls are vertical. The water surface in the pool has the shape bounded by the following equations and shown in the graph below,

                                                                                                              y (m)
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(f)    Use calculus to show that the area (
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(g)    Find the depth (metres, 2 decimal places) of the water when the pool is completely filled. 

                                                                                                                                                      1 mark

(h)    Find the maximum rate of increase in the depth of water (metres per hour, 2 decimal places) while the pool is being filled.                                                                                                                 1 mark.

Question 3

The cross-section of a wave as it moves towards the shore at time 
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(second) is shown in the diagram below. Coordinate axes are added to the diagram.

                            y (m)



            shore

                         0                                                                                                                            x (m)

                                                                                              seabed

The seabed drops 1 m for every 12 m away from the shore. The wave has a constant wavelength of 12 m and constant amplitude of 0.5 m.

Using the coordinate axes shown in the above diagram the equations of the wave and the seabed are respectively
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(a)    Determine the values of  p  and  q.                                                                                      2 marks

(b)    Find an equation for the depth of water h (metres) as a function of x at 
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The wave travels at a constant speed of  6
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 towards the shore. At 
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 the depth of water is 1.0 m.

(c)    Find an equation for the depth of water h (metres) as a function of  t  at 
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(d)    Sketch the graph of depth versus time at 
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, showing two cycles and correct scales on both axes.                                                                                                                                              2 marks

The next day (day 2) the wave has an amplitude of  2 m and the wavelength remains the same.

(e)    Find the ratio of the steepest slope of the wave in day 2 to the steepest slope of the wave in day 1.

                                                                                                                                                      2 marks

(f)    In day 2 what is the ratio of the maximum rate of change of the depth with respect to time t at 
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 to the maximum rate of change of depth with respect to t at 
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(g)    Find the ratio of the cross-sectional area of water in day 2 to the cross-sectional area of water in day 1 between 
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Question 4

Suppose the distance D (km) a car can travel on one tank of petrol at speed v (
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) is given by 
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At top speed the distance that the car can travel on one tank of petrol is 341.5 km.

(a)    Express  
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, where a, b and c are real numbers.                        1 mark

(b)    Find the domain that equation (1) is applicable.                                                                   1 mark

(c)    Use calculus to find the most economical speed (nearest 
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), i.e. the speed that minimises fuel consumption.                                                                                                                                  2 marks

(d)    Find the maximum distance (nearest km) that the car can travel on one tank of petrol.       1 mark

(e)    Sketch the graph of  D versus v showing all the important points.                                       2 marks

(f)    Find the range of speed (nearest 
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) that allows the car to travel more than 320 km on one tank of petrol.                                                                                                                                         2 marks

(g)    When  v  changes from 100  to 100 + 
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 for small 
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, use first order linear approximation to find a formula for 
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 in terms of 
[image: image40.wmf]v

D

.                                                                                                2 marks

(h)    At what speed under 90 
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 does the effect of a change in  v  on  D  the most?             2 marks

The tank can hold 42 litres of petrol.

(i)    In terms of v, find an expression for the fuel consumption  C  in litres per 100 km.            1 mark

(j)    Find the minimum fuel consumption in litres per 100 km to 1 decimal place.                      1 mark

                                                                                                                                    End of Exam 2
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