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Achievement Achievement 
with Merit
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Solve equations. Solve problems involving 
equations.

Analyse or interpret the outcome 
or the process used to solve 
equations or linear programming 
problems.

Overall Level of Performance 

Credits: Four
9.30 am Thursday 29 November 2007

Check that the National Student Number (NSN) on your admission slip is the same as the number at the 
top of this page.

Make sure you have a copy of the Formulae and Tables Booklet L3 – STATF.

You should answer ALL the questions in this booklet.

Show ALL working.

If you need more space for any answer, use the page(s) provided at the back of this booklet and clearly 
number the question.

Check that this booklet has pages 2–16 in the correct order and that none of these pages is blank.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.
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You are advised to spend 65 minutes answering the questions in this booklet.

QUESTION ONE

A high school has a total of 123 senior students involved in its school production. The number of 
students involved from Year 13 was twice as many as the combined number of students involved 
from Years 11 and 12. The number of students involved from Year 11 was 5 more than the number 
of students involved from Year 12. No students from other year levels were involved in the 
production.

The following system of equations was formed according to the information given above:

	 x + y + z	= 123
	 x	= 2(y + z)
	 z	= y + 5

Solve the system of equations to find the number of Year 13 students involved in the school 
production.
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QUESTION TWO

The equation   0.8x3 – 4.2x2 + 12.7 = 0 has a real root between – 2 and – 1.

Complete two iterations of either the bisection method, or the Newton-Raphson method, to find an 
approximation to this root.

Use xo = – 2 as the starting value if you use the Newton-Raphson method. 

Use xo = – 2 and x1 = – 1 as the starting values if you use the bisection method.

Show each iterate.
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QUESTION THREE

The Outdoor NIK-NAKS company makes two items to place around ponds, plaster gnomes and 
plaster frogs. The table below summarises the production data:

Item Time needed to make  
one item (hours)

Cost of material used  
per item ($) Profit per item ($)

gnome 6 18 9
frog 4 24 16

Let x be the number of gnomes produced per week and y be the number of frogs produced each 
week.

The company has available a maximum of 240 worker hours per week for these products, and can 
afford to spend no more than $1080 on material per week for them.

The company can sell as many of the products as it can produce.
	
A linear programming problem for this situation has the following constraints:

	 A:	 6x + 4y	 ≤ 240
	 B:	 18x + 24y	 ≤ 1080 
	 C: 	 x	 ≥ 0
	 D: 	 y	 ≥ 0

(a) 	 Show the feasible region formed by the constraints on the axes below. 
	 Three of the lines that you need have been drawn for you.
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If you need to 
redraw this graph, 

use the grid on 
page 13.
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(b)	 The profit ($P) from the sale of gnomes and frogs is given by P = 9x + 16y.
	
	 Calculate how many of each item the company should make each week in order to maximise 

the profit from them.
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QUESTION FOUR

Tickets for the high school production were sold for $5, $8 and $15, depending on where the ticket 
holder will be seated.  

The total number of tickets sold was 390.
The number of $8 tickets sold was 30 more than twice the number of $15 tickets sold.
The total amount of money received from the ticket sales was $2520.

Set up and solve a system of equations to find the number of $5, $8 and $15 tickets sold.
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QUESTION  FIVE

The equation  0.8x3 – 4.2x2 + 12.7 = 0  has three real roots, all of which lie between  – 5 and  5.

Use either the bisection method or the Newton-Raphson method to find the greatest root of the equation   
0.8x3 – 4.2x2 + 12.7 = 0.  

You must state your starting value(s), show the results of each iteration and give your answer correct to 
one decimal place.

If you want to 
draw a graph, use 

the grid on page 14.
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QUESTION SIX

The Outdoor NIK-NAKS company has created wooden butterflies to mount on the outside wall of 
houses. It has two types, the standard butterfly and the monarch butterfly. Both butterflies use the 
same amount of wood and take the same amount of time to build, but the monarch butterfly takes 
longer to paint and is also more expensive to paint. 
It takes 40 minutes to fully paint a standard butterfly, while a monarch butterfly takes 90 minutes to 
paint. 
The paint for a standard butterfly costs $8, while for a monarch it costs $12.
On a given day the company has 36 worker hours available for painting butterflies and can afford to 
spend no more than $336 on paint.
The company has to produce at least 9 of each type of butterfly each day, but there is enough 
demand for the products so that the company could sell as many of the butterflies as can be 
produced.

The profit the company makes on each standard butterfly is $18, and the profit the company makes 
on each monarch butterfly is $60.

(a)	 (i)	 Write down the four constraints that are needed to find the number of each type of 
butterfly that should be produced each day to maximise the profit.

	 (ii)	 Calculate how many of each type of butterfly should be produced each day in order to 
maximise the profit. The graph grid on the opposite page is provided to help you.
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(b)	 Suppose the company now has to produce at least 20 standard butterflies and 9 monarch 
butterflies per day. All other constraints stay the same.

	 What will the solution obtained in part (a)(ii) become now? Justify your answer using 
mathematical reasoning.
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QUESTION SEVEN

Consider this system of linear equations.

3x – 2y +   z = – 2
5x – 9y + 4z = – 5
  x + 5y – 2z =    1

Give a geometrical description of how the planes represented by these three equations relate to 
each other. Give mathematical reasons to justify your answer.
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QUESTION EIGHT

A student wanted to use the Newton-Raphson method to solve the equation 0.8x3 – 4.2x2 + 12.7 = 0.

He decided to take xo = 0 as the starting value.

Explain why the use of the Newton-Raphson method, with this starting value, fails to produce a 
series of iterations that converge to a real root of   0.8x3 – 4.2x2 + 12.7 = 0. 
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If you need to redraw the graph from Question Three, draw it on the grid below.
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If you need to draw a graph as part of your answer to Question Five, use this grid.
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If you need to redraw the graph from Question Six, draw it on the grid below.
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Extra paper for continuation of answers if required.
Clearly number the question.
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