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Answer ALL questions in the spaces provided in this booklet.

Show ALL working for ALL questions.

90644 Solve equations.

Check that this booklet has pages 2—9 in the correct order and that none of these pages is

blank.
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Achievement

Achievement with Merit

Achievement with
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Solve equations.

Solve problems involving
equations.

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

Overall Level of Performance
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Y ou are advised to spend 50 minutes answering the questionsin this booklet.

Show ALL working.
QUESTION ONE

@ Solve the system of equations:

X +2y — z=12
X —06y+ 3z=-6
2x —4y — 5z = 14

(b) Solve the system of equations:

33X — y+2z =16
X =2y =7
5 +3y—-2z =-14

Statistics and Modelling 90644 Question and Answer Booklet (Sample) page 2 of 11



QUESTION TWO

Bill plans to develop some of his land in macadamia nuts and chestnuts.

He has a number of constraints on the areas of the crops he can plant.

Suppose he plants m hectares in macadamia nuts and ¢ hectares in chestnuts.

(@ Draw thefollowing five constraints on the axes provided below, and indicate the feasible region.

m+c<15 c=>6
dm+c<24 m=2

c=>2m

¢
251

20
157

101

(b) Bill can estimate his return, in dollars, using the function R =54 000m + 36 000c.

Calculate his maximum estimated return. Y ou may read the coordinates of the vertices of the
feasible region directly from the graph.
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QUESTION THREE

The (real) cube root of 20 lies between 2 and 3.
Its value can be found by solving the equation x3 —-20=0.

Find an approximation to the cube root of 20
either by obtaining three iterates using the Newton-Raphson method with x = 2 as the starting value
or by obtaining three iterates using the bisection method with x = 2 and x = 3 as the starting values.

Show all stepsin your working clearly.
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QUESTION FOUR

The equation €+ x=0 hasoneroot.
Use either the Newton-Raphson method or the
bi section method to find an approximation to

this root, correct to four decimal places. < >
Show all stepsin your working clearly. /

Note: If f(x) =¢€" +x, then f’'(x) =¢" + 1.
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QUESTION FIVE

Three brands of canned mixed vegetables contain the following quantities of protein,

carbohydrates, and minerals.

Brands Protein Carbohydrates Minerals
All Veges 49 29 39
Betta Veges 29 39 39
Canned Veges 49 49 29

Set up and solve a system of equations to find how many cans of each brand should be
bought, so the total quantity of each of protein, carbohydrates and mineralsis 100 g?
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QUESTION SIX

In a card game, players take turns to pick up and put down cards.

Each card held in a particular suit scores a certain number of penalty points depending on the suit
(hearts, spades or diamonds — clubs do not have any penalty points).

A player's penalty is found by adding the number of points for the cards held.

A particular game ended as follows:

e player A held 2 hearts, 1 diamond and 3 spades and has 34 penalty points
o player B held 1 heart, 4 diamonds and 5 spades and has 45 penalty points
e player C held 3 hearts, 2 diamonds and 1 spade and has 43 penalty points.

Set up and solve a system of equations to find the number of penalty pointsthe cardsin
each suit receives.
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QUESTION SEVEN
The owner of NZJEANS sellsonly X, and Y , jeans.
He buys no more than 60 pairs per week and sells all he buys.

@ A pair of X, jeans costs the owner $60, apair of Y, jeans costs the owner $120 and he spends
amaximum of $4800 per week buying jeans.

If the profit for apair of X,; jeansis $10 and the profit for apair of Y ., jeansis $12, how many
of each type of jeans should he buy in order to make the biggest profit, and what is that profit?

80|
70T
60 |
501
40T
30T
207
107
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(b) If he now decidesto sell each pair of Y, jeansfor a profit of $20, how many of each type of
jeans should he buy to make the biggest profit? Explain what effect the selling price of Y,
jeans has on the situation.
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QUESTION EIGHT

Elizabeth wants to find the positive root to the equation x*+ 3x*—9x—11=0

using the Newton-Raphson method.

4 Y=X+3¢-9x-11

20ZK /
15 ] |
| /

10

5T /
| | | | | / | | |
I / I I I I I I I I
_5/_4_3 _2__1\X 2 3 4 5
// — 10\
/ ~ 15
Y _20V

Explain why using a starting value of x = 1 is not a good choice.
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QUESTION NINE

Attempt to solve the system of equations

2X — y+3z =17
X+2y —z=-4
X+ y+2z=10

and explain the nature of the equations.

Give ageometrical interpretation of the result.

Statistics and Modelling 90644 Question and Answer Booklet (Sample) page 11 of 11



Assessment Schedule (Sample)

Statistics and Modelling: Solve equations (90644)

Achievement | Qn . .
Criteria No. Evidence Code | Judgement Sufficiency
Solve 1 (a) | Eliminate variables successively Achievement:
equations. to find solution Three of Code
=3 A including at
1 least
y== (or0.5) _
) Al | No alternative. One Code Al
d
1(b) | Eliminate variables successively an
to find solution One Code A2
x=1
y=-3 Al | No alternative.
z=35
2(b) | Vertex R =54000m + 36 000c
(2,6) 324 000
(3,6) 378 000
E (4,8) 504 000
= (3,12) 594 000
é (2,13) 576 000 Maximum
lue of R i
= maximum return, R =$594 000 | x5 | oo
5 whenm =3 and ¢ = 12. ’
<
3 | Newton-Raphson method with
starting value 2 gives solution
2.7147.
(iterates ; 40740 No penalty for
7407407 extra iterates.
2.7146696)
S . . For bisection
Bisection method with starting method
values [2,3] gives solution 2.625 solutior; can be
or
d
in the interval [2.5,2.75] o lora
(iterates [intervals] value.
2.5 [2,3]
2,75  [2.5,3] A2
2.625 [2.5,2.75])
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Achievement

. No. Evidence Code Judgement Sufficiency
Criteria
Solve 4 | Newton-Raphson method, with Merit:
problems starting value 0, gives iterates
involving -0.5 Achievement
equations. —0.566311 plus Three
—0.567143 Code M
—0.567143 Ignore one
Newton-Raphson method minor error in
solution: —0.5671 arithmetic. or
Bisection method also gives Accept other Four Code M
solution of —0.5671 A2 M | starting values.
5 | Form the system of equations Systems of
4a + 2b + 4¢ = 100 equatjons and
2a + 3b + 4c = 100 solutions
3a + 3b + 2¢ = 100 required.
and solve to obtain
[
= a=10, b=20, c=5 A1 M | No alternative.
=
E .
E 6 | Form the system of equations Systems of
= 2h + d + 3s = 34 equations and
[ h + 4d + 55 = 45 solutions
Z 3h+2d+ s=43 required.
E and solve to obtain
>
= h=10, d=5, s=3 A1 M | No alternative.
=
Sg) 7 (a) | x = number of X,; bought Constraints
y =number of Y, bought and objective
The constraints are: func.t lon must
X+ <60 be given.
60x + 120y <4800
x and y non-negative Must state the
Objective function: number of
R=10x+ 12y each type of
Vertex R=10x+ 12y jeans that
gives the
(0,0) 0 maximum and
(60,0) 600 the maximum
(40,20)640 value.
(0,40) 480
maximum return, R = $640
when Xy; = 40 and Y., = 20. A2M
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Achievement

Conclusion could
be expressed as
any equivalent
statement.

o . No. Evidence Code Judgement Sufficiency
Criteria
Analyse or 7 (b) | New objective function: Excellence:
interpret the R=10x+ 20y
outcome of Vertex | R = 10x + 20y Merit
the process I
used to solve (0, 0) pius
equations or (60, 0) Two of
linear (40, 20) Code E
programming (0, 40) 800
problems.
maximum return, R = $800
= when you choose any integer
@) (x, y) with 0 <x <40 and
E x +2y=280. Needs to indicate
j Multiple solutions because the the concept of
= objective function and a multiple
&é constraint have the same slope. E solutions.
=
=
E 8 | The gradient of the tangent to
= the curve at x = 1 is zero, so the
E next iterate is undefined. E
E 9 | Equations are inconsistent. Must show
% System represents three planes attempt to solve
- that are not parallel but do not equations
% have a unique point of resulting in two
intersection (planes represent equations of the
the faces of a triangular prism, type
or any two planes intersect in a ax +by =c
line that is parallel to the third ax + by =d
plane). E | that are clearly
inconsistent.
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