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Question 9	(6 marks)

The rate of change of concentration of a pollutant in a water reservoir can be expressed by the differential equation , where C is the concentration in parts per million t days after observations began and k is a constant.

The initial concentration of the pollutant was 82 ppm. Two weeks later this value had dropped to 35 ppm.

(a)	Determine the value of k, rounding your answer to four significant figures.	(3 marks)


 













(b)	Determine the concentration of the pollutant after three weeks.	(1 mark)


 







(c)	The water can be used for drinking once the concentration of the pollutant falls below 5 parts per million. Determine how long it will take for the concentration to reach this level.
			(2 marks)

 








Question 10	(10 marks)
The liquid part of a diet is to provide at least 250 calories, 0.48 mg of vitamin A, and 45 mg of vitamin C daily. A cup of drink X provides 50 calories, 0.16 mg of vitamin A and 5 mg of vitamin C. A cup of drink Y provides 50 calories, 0.08 mg of vitamin A and 15 mg of vitamin C.

Let x be the number of cups of drink X consumed daily and y be the number of cups of drink Y consumed daily.





Some of the constraints relating to the above information can be represented by the inequalities , ,  and .

(a)	Write one more inequality that applies to this situation, in simplified form.	(2 marks)



 









(b)	 Draw this inequality on the axes below and shade the feasible region.	(2 marks)









A cup of drink X contains 12 g of sugar and a cup of drink Y contains 15 g of sugar.

(c)	Determine the number of cups of each drink that should be consumed on a daily basis to minimize sugar intake and still meet the stated daily requirements. State the minimum sugar intake.	(3 marks)


Objective function to minimise is .


 

Minimum sugar intake is 66 g when 3 cups of X and 2 cups of Y are consumed.



















(d)	Determine how much the amount of sugar in drink Y can be decreased, whilst still maintaining the optimal solution in (c).	(3 marks)


New objective function is  .


 

Sugar in drink Y can be decreased by up to 3 g per cup to maintain optimal solution.










Question 11	(7 marks)
A team of six is chosen at random from a squad of ten students, two of whom are short-sighted.

(a)	Determine the probability that

(i)	exactly one of the team members is short-sighted.	(2 marks)


 





 





(ii)	at least one of the team members is short-sighted.	(2 marks)

 












(b)	Suppose that 20% of students in a large city are known to be short-sighted. If six of these students are selected at random, determine the probability that

(i)	exactly one of the students selected is short-sighted.	(2 marks)

 











(ii)	at least one of the students selected is short-sighted.	(1 mark)


 






Question 12	(9 marks)
A vehicle insurance company classifies drivers as high (H), medium (M) or low (L) risk with regard to having an accident. The company estimate that 15% of their drivers are high risk and 35% are low risk. The probability that a high risk driver will have one or more accidents in any given 12 month period is 0.05, with corresponding values for medium and low risk drivers being 0.03 and 0.01.

(a)	Determine the probability that a driver selected at random from company records

(i)	was classified as medium risk and will not have had an accident in the past year.
		(2 marks)
 







(ii)	will have had an accident during the last 12 months.	(2 marks)


 






(iii)	was classified as high risk, given they had had an accident during the past year.
		(2 marks)

 










(b)	The company randomly select a group of 25 high risk drivers and another group of 25 low risk drivers. Assuming that accidents occur independently of each other, show that the probability that none of the drivers in the low risk group have an accident during the next 12 months is roughly three times the probability that none of the drivers in the high risk group have an accident.	(3 marks)
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Question 13	(12 marks)
The thickness, x microns, of a protective coating applied to electrical components for use in wet conditions is known to follow a uniform distribution with minimum and maximum values of 350 and 600 microns respectively.

The mean thickness is 475 microns and the standard deviation of x is 72.2 microns.

(a)	Sketch the graph of the density function of x.	(2 marks)









(b)	Determine the probability that the thickness of the protective coating of a component

(i)	is at least 425 microns.	(1 mark)

 










(ii)	is no more than 550 microns, given that it is at least 425 microns.	(2 marks)

 












(c)	Determine the probability that in a box of 48 components, no more than six have a coating less than 425 microns.	(3 marks)


 
















(d)	A random sample of 144 components was selected and the mean thickness of these components was calculated to be 464 microns, less than the expected value of 475 microns.

	Assuming the standard deviation of the coating thickness is still 72.7 microns, calculate a 95% confidence interval for the mean thickness of the coating for all components and explain whether this suggests that the mean thickness is not 475 microns.	(4 marks)


 


Since the mean of 475 is contained within the 95% confidence interval, there is no reason to suspect that it has changed.














Question 14	(11 marks)
Analysis of the fuel consumption rate reported by a large number of owners of a particular model of car was observed to be normally distributed with a mean and standard deviation of 9.25 and 1.15 litres per 100 km respectively. The manufacturers claim that this type of car has a fuel consumption of 8.2 litres per 100 km.

(a)	What percentage of these cars have a fuel consumption within one litre per 100 km of the manufacturers claim?	(2 marks)


 










(b)	In a random sample of 250 cars that are more economical than the manufacturers claim, how many would be expected to have a fuel consumption better than 7 litres per 100 km?
			(3 marks)

 
















(c)	The fuel gauge of a randomly selected car shows 13.6 litres of fuel remain in the tank. Determine the probability that the car will reach its destination, 170 km away, without running out of fuel.	(2 marks)

 













(d)	The fuel consumption of a random sample of 100 cars is recorded. Determine the probability that the sample mean is within one litre per 100 km of the manufacturers claim.	(2 marks)


 













(e)	Determine the number of cars required in a sample so that there is a 90% chance that the sample mean is no more than 0.15 litres per 100 km from the population mean.	(2 marks)


 











Question 15	(6 marks)

A motor vehicle slows down from an initial velocity of 25 ms-1 until it is stationary. During this interval, its acceleration t seconds after the brakes were applied is given by  ms-2.

(a)	Determine the velocity of the vehicle after four seconds.	(3 marks)


 





















(b)	Calculate the distance travelled by the vehicle in the time between the brakes being applied and it becoming stationary.	(3 marks)


 














Question 16	(6 marks)



The events A and B are such that , , and . Determine


(a)	.	(3 marks)

 





















(b)	.	(1 mark)

 









(c)	.	(1 mark)

 









(d)	.	(1 mark)

 








Question 17	(8 marks)
A cylindrical oil drum, of radius r m and height h m, has circular ends constructed from material costing $75 per square metre and sides constructed from material costing $40 per square metre.





(a)	Explain why the cost of construction C, in dollars, is given by .
			(1 mark)TSA of cylinder given by ends plus side:


 














(b)	If the oil drum must be constructed for $250, show that the volume of the oil drum is given by .	(3 marks)


 

















(c)	Use calculus methods to determine the dimensions that maximise the volume of the oil drum, and state this maximum volume.	(4 marks)


 
















Question 18	(7 marks)


The shaded region below is enclosed by the x-axis, the y-axis , the curve ,  and the tangent to the curve when .






(a)	Show that the equation of the tangent to the curve at  is .	(2 marks)

 












(b)	Determine the volume of revolution obtained when the shaded region is rotated around the y-axis.	(5 marks)

 















Question 19	(6 marks)

Two sides of the cyclic quadrilateral BCDE are extended to meet at , as shown in the diagram.






(a)		Prove that triangles  and  are similar.	(3 marks)

 






















(b)		If , determine the lengths of .
			(3 marks)
 












Question 20	(8 marks)
Water is gently poured into an inverted cone of height 30 cm and radius 15 cm at a rate of 36 cm3 per minute. Let h be the height of water in the inverted cone and r the radius of the cone at that point.






The volume of a cone is given by the formula .


(a)	Determine the rate of change of height of the water in the cone at the instant the height reaches 12 cm.	(5 marks)


 





















(b)	Use the increments formula  to determine the approximate change in volume of water in the cone as the height of water increases from 20 to 20.01 cm.	(3 marks)


 







Question 21	(4 marks)




Given that ,  and , determine the function .
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