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About This Book

Q&A eResources are recognised as the leading study guides for NCEA. Each
freely available title has been compiled by a team of experienced educators to
meet the study and revision needs of NCEA students. They are proving to be
valuable resources in the hands of students who want to work ahead of their
regular class programme. They also serve as effective revision programmes in the
run up to the final examinations.

This book carefully explains the mathematical concepts that will be tested in
NCEA then illustrates them with Achievement, Merit and Excellence examplars. It
allows students to practise on NCEA-type questions and provides detailed
solutions. After working through this programme, all students will be well prepared
for their final assessments.

Write 370000 in

standard form.

The student who wrote the above answer on a recent assessment paper did not
use a Q&A Level 1 Mathematics eResource.
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MATHEMATICS 1.2 - AS90148

Sketch and interpret graphs

Always understand what the examiner wants! A past examination answer is
shown below. The student who wrote this answer on a recent assessment paper

did not use a Q&A Level 1 Mathematics eResource.
4

-—

1 Explain the shape of the graph.

N ‘

L¥s cowrvy with a higher bit at one end and a
rather aesthetically yleasing slope downwards
fowards a pretty Elat straight bit. The actval
graph itsel€ consists of 2 straight lines
meeting at the lower left hand corner of the
gragh and moving away at a 19 degree angle.
Each line has an arrow head on the end.
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@A YEAR 11 MATHEMATICS MAHOBI
2 3




Straight Line Graphs

Straight line graphs are also called ‘linear graphs’. A common equation that
produces a straight line is y = mx + ¢ where m is the gradient (slope) of the line
and c is the point where it intercepts the y axis.

Features of a Graph
Here are some values for x and y. Plot the values then list all the features of the
graph line produced.
x |5 |4]3]2]14]0o]l1|2][|3]a4]s5]
2 5 8

y |-55|-4 |25|-1 |05| 2 |35| 5 |65| 8 |95 |
.4 /
q //' Gradient of the line (m = 1.5).
g For every unit to the right, the slope of
/7 // the line (gradient) goes up 1.5 units.
5
4 -~y intercept (¢) y = 2.
N 4 e At this point x = O.
4//

— X intercept x = -1.
> At this point y = O.

5-4-3-p/-1 © 1 2 3 4 5N
4’
/ : \

/ 4 The x axis (horizontal).

)/ —a ___—— The y axis (vertical).

v

e
{l
\
\
\
\
\

| A

Using the straight line equation (y = mx + c), the equation of the line

on the graph above is: y = 1.5x + 2.

Straight Line Graphs Not Straight Line Graphs
2x -3y =12 y=x"+4
y =2+ 5x X*=4-y
y-x-7=0 xy+2=0
5(x+3y)=5 X(1-2y)=7

I



Draw the graphs of the lines y = 72x - 3

y=3x+%
With this type of question you can draw up a table using three or

four values of x or you can use the gradient-intercept method

(y = mx + )
Table Method Gradient - Intercept Method
X o |2 |2 | 4 y=mx+c
y="ex - 3 ‘ -3 ‘—2.5 ‘ -2 ‘ -1 » Yy =3X+ 12
» m=3,¢C=
7 {/
. ”
A / )
5 5 gradient (3)
4 4 /
J/
2 2
2 2 /
1 2/
) - ,/ intercept (%)
4 -B-2-L 1234 56 O -4—5—24/0 L 2 3 4

v

Draw the graph of the line: 3x + 5y = 15
This is still a straight line graph but is not written as y = mx + ¢.

However we can still draw it using the “y=0, x=0 method”.

Putting X = O gives 5y
Putting y = O gives 3x

15 » y = 3 [.e. Point (O, 3)
15 » x =5 le. Point (5, O)

(©, 3)

A
o
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(5, 0)

You could still rearvange the
equation to: y = mx + ¢
3% + 5y = 15

Sy=15 - 3x

= 15 _ 3x
Y=7% °F
= )
y=23 5x
y:—sé.x+3
MAHOBE
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Graphs - Achievement Example

Parts of the Red Devils and Easy Riders cycle ramps can be viewed from the end
of a spectator stand at a dirt cycle track. The graph below shows the height above
ground level of the two ramps.

A
4
»w 3
o S .
2 aed D £asy Riders _—W
'g, 2 /‘é
1
0 2 4 6 8 10°

Distance from the end of spectator stand (metres)

a. What is the height of the Easy Riders ramp at the end of the spectator
stand?

At the end of the spectator stand, distance = O.
Reading off the y axis at x = O, the height is 1.5 metres

b. What is the increase in height of the Red Devils ramp over the 10
metres from the end of the spectator stand.

The Red Devils ramp starts at 1.0 m at the end of the
spectator stand. It is at a height of 3.5m at 10 metres from
the end of the spectator stand.

Therefore height increase =35-1

2.5 metres

c. At what distance from the end of the spectator stand are the two ramps
the same height?

Both lines meet at 4.0 m from the spectator stand
(2.0m high).

e



1.

Exercises

Use the table of values to draw each line onto the axes below.

Mark any points of interest and give the equation of each graph.

a.

X

-5

-4

-3

-2

-1

0

1

2

3

4

y

-20

-5

-17

4

14

-3

-11

-2

-8

-1

-5

-2

1

4

7

4

21

17

13

-
1

9

5

—
~

—_
w

—_
N

—_
—_

—_
o

N Wk OO0 N O ©

v

A

i

4

1 1 1 | I ] |
O o N O O A W IN

Y
o

T
[N
—_

ey
N

ey
w

Y
'~

ey
o
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Equation of line a is:

-11

-15
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2.

Use the linear graph below to answer the questions:
A

Q

=

47-3 -2 -1 1 2 3 4

B\ N 0 b

L

A
v

a. Write down the co-ordinates of A and B.

b. Write down the x and y intercepts.

c. Write down the equation of the line PQ. .. ...

Ato D gives 4 different equations:
A, y=3x-2 B. y=7-2x

C. 2y=6x+12 D. x+y=18
Which two lines are parallel?

Which two lines have negative gradients?

Which two lines go through the point (5, 13)? ... ..

On the next page are some axes and below a table of values from -3 to 3.
For each of the equations either use the table of values or another method

to draw each line.

-3 -2 -1 0 1 2 3
a. y=2x-4
b. y=3x+1
c. y=Vx+1
d y=-2x+38

MAHOBE
S~ —

YEAR 11 MATHEMATICS A
T~ §



13

.g=—2x+8

y=2x -4

144
13

12

11
10

A

Va»)

v

10

\ 4

ox + 1

y:

v

2

1

10

v

12 11

Yy=3x+1

13
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Draw graphs of the following equations:
a. x+y=3
b. 2x+5y=20
C. Yy-2x=2
d y=3x-2 1
e. =-2x +4 15
f. y=-4x+1 14
g y=%x-5 13
h.  y=-%x +1 12
i. x=6 1
. y=35 19
9
8
7
6
5
4
3
2
1
7 6 54 3 2 of 12345 ¢ 7 8 9 10
-2
-3
-4
-5
-6
-7
-8
-9
-10
-11
-12
13
-14
15
-16
17
-18

MAHOBE
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Net Worth ($million)
A

350

300 AN
N
250 AN

200 \

N
AN

150
100 ,/\’4

P> b

50 — — \2'%
6“‘/“‘V %
/

» Year
2003 2004 2005 2006 2007 2008 2009 2010 2011

The graph shows the net worth of 3 famous siblings (Michael, Paris and
Britney) who are all famous singers.
a. Who initially had the most successful career?

b. At what annual rate is Britney’s and Paris’s net worth changing?

C. Michael seems to be losing his net worth.
When do you estimate that he will be worth less than $1 million?

MAHOBE
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A

d (metres)
300
I
£
()]
£
a8
S 200
N
(7]
el
(0]
(7]
>
o
e
£
S
8 100
S
K2
(@]
0 1 2 3 4 5 6 7 g > t(minutes)

Time

Britney runs from her house to the shopping mall.

Paris walks from her home to the shopping mall.

The distances and times taken are shown on the graph above.

a.  Which line represents Britney and which line represents Paris?
Explain what each line tells us.

b. Both Britney and Paris left their homes at 1.30pm to go to the mall.
When would they be the same distance from the shopping mall?

YEAR 11 MATHEMATICS @‘A
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Ramsey buys a 2.25 kg leg of pork for Sunday's roast dinner. Recipe books
suggest that a pork roast be cooked at 120° C for 30 minutes plus 50 times
the mass in kg (minutes). Complete the table and then draw a graph on the
grid below that shows the cooking time for a roast.

X (kilograms) | O.5| 1 2 | 3 | 4 | 5 |

y (cooking time) ‘ 95 ‘ ‘ ‘ ‘ ‘

250
240
230
220
210
200
190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40
30
20
10

Cooking time (minutes)

&

OW

v

<

1 2 4
Weight (kg)

Give the equation of the line that you drew: Equation . . ... ..........

Ramsey’s mum has another method of calculating cooking time. She tells
Ramsey to cook the roast for 2%z hours - that's an hour for every kilogram.
On your graph, draw another line that shows this new formula.

MAHOBE
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9. Brad and Angie are travelling overseas. There are three international phone
cards that they can buy: 1. More Talk
2. Talk On
3. Stay In Touch
The graph below shows the call costs for the More Talk and Talk On cards.

A
Cost (cents) po

280 & L2

260
//
240

220

200
//
180

160

140
//
120

100

80
/
60 /

40

20

»

0 5 10 15 20 25 30 35 40
Time (minutes)

The Stay In Touch card costs 4 cents per minute plus a $1 call connection
fee. The cost per call using the Stay In Touch card can be described by the
equation: C =4t + 100where t = time (in minutes) for one call

C = cost (in cents) per call

a. On the axes, draw the graph for the Stay in Touch card from t=10
minutes to t = 30 minutes.

MAHOBE
YEAR 11 MATHEMATICS
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b. i
ii.

c. i
ii.

d. i
ii.

14

Which ONE of the three phone cards has the highest connection
fee per call?

How long is a call that costs the same using the More Talk card
and the Talk On card?

MAHOBE
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Cost ($)

A

A

Cost ($) of Hiring Fitness Equipment for up to 50 days

200

180

160

140

120

Fitnless concepts

100

80

60

40

20

0

e
L~

ot

7

//

/

5 10 15 20 25 30 35 40 45 50 >
Time (days)

10. Terrence investigates the cost of hiring exercise equipment for his home. He
phones 2 companies - ‘Work it Out’ and ‘Fitness Concepts’. The graph
above shows the cost of hiring the same equipment for up to 50 days.

d.

What are the main features of each company’s charges?

How much does Work it Out charge perday? ...........

At Fitness Concepts there is a fixed fee plus a daily rate for each hire.
How much is the fixed fee?

Terrence decides to hire fitness equipment for 45 days.
Which company should he use and why?

e



Merit Example - Straight Line Graphs

21

A new experimental diet for hens determines that the average weight (grams) of a
hen can increase in a linear (straight line) fashion over a period of 50 days.
The average mass of a hen starting the diet is 150 grams.

After 30 days the average mass is 690 grams.

a. Draw a graph of this situation and give the equation of the line formed.
At Day O the hens mass is 150 grams l.e. (O, 150)

At Day 30 the hen’s weight (s 690 grams, i.e. (30, ¢90)

Mass (gwxs)“
700 /
30, 6910 : :
( )/‘ The gradient of the line
/ _ 540
600 - 30
// =18
500
/ Therefore equation of the line:
400 /’ (using y = mx + ¢)
/ M =18d + 150
/ sS40
300 /
y
2001 /]
(o, 150)/
100 < 30 > M
“ov 10 20 ' 30 ' 40 ' 50 ;Dags (d)

b. Use your equation to find the average weight of a hen after 10 days.

Using M = 18d + 150

>>

M = 18(10) + 150
M = 330 grams

c. Asupermarket wants a shipment of chickens that have a mass of 1kg.
When will the hens reach an average weight of 1 kg?

Using 1000 = 18d + 150

Within 48 days of starting the diet, the hens will be 1 kg.

@(A YEAR 11 MATHEMATICS
T~ ¢
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850 = 18d
d =472 days.
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Quadratic Graphs

The graph of a quadratic equation forms a curve called a parabola. The quadratic
equation can have the form y = ax® +bx + ¢ or be in factored form y = (x + m)(x + n).
Some examples of quadratic functions that form parabola are: y =5(x-2)*+ 3

y=x"+4
y=2x"-3x-6

Drawing a Parabola
If you are unsure then the best method of graphing any sort of function is to draw up

a table and plot the points. e.g. Draw a graph of the function y = 2x* - 8

X -3 2 -1 o 1 2 3
2x" 18 8 2 o0 2 8 138
-8 -8 -8 -8 -8 -8 -8 -8
y=2x"-8 10 o0 -6 -8 -6 O 10
10
V\\
s| [l
7 \
A Notice how the points mirror
s each other. If they don’t then
4 something is wrong with
3 your graph.
2 =
11— )
D Vgl AR
B 41 7 1 P 5
-1
\\ =2 / A sketched parabola should be
\ = l a smooth, symmetric curve
\ ~4 l with intercepts, vertex and
! =2 ! other points clearly labeled.
i%/

I
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Drawing a Parabola from Factorised Quadratics

e.g. Draw the graph of the equation y = (x - 5)(x + 3)
1. Work out the x intercepts (when y = O) i.e. (5, 0)(-3, O)

2. Work out the turning point i.e. The midpoint between the
intercepts (5 + -3) + 2 = 1. Then work out the y value of
the turning point ie. y = (1 - S)(1 + 4),
Yy = -16 ie. Turning point is (1, -16)
3. Work out the y intercept (x = O)
y=(0 - 50+ 3)
y=-15 ie.y intercept is (O, -15)
The parabola is drawn below. For more values you could extend the x
axes and work out the values of y for x = {-4, -5, .Jorx = {6, 7, ...}

‘ |

\
\
Ao

2
1
o
L .\\; 3 4\L #_v'\
-2 \\
\ _z \ I T X intercepts (when y = O)
\| | |
\| |5 I
\ e
- [ N
. /
\ -9 l midpoint between the x intercepts (1,0)
\ -10 /
\—11 / turning point of the parabola (1, -16)
12 / /

T
N

11
Lw
— 116

N

y intercept (O, -15)

MAHOBE
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Transforming Quadratic Graphs

Quadratics and parabolas come in many forms. Below are some common
quadratic equation forms. Compare the first graph of the equation y = x’to all the

others. \ /
\ l“‘ I 1 h 1‘(4‘
\ EIAS) I 13 13
\ 12 | 12 12
‘ 11 I \ 11 \ 11 I
‘ 10 l \ 10 , \ 10 I
o \ . | \[ . /
s \ e | s
\ / |
\[ [ | . \[ [/
\ / s
4 \ 4
s \ I 5
\[.f [/ \[ [- / 2
< B -2 1—1 I 2 B # > < b —1\41_10 L/- 5 > {.’ -4 - -2 A:L_l L B4 >
E; E; R
y=x y=x -3 y=x+4
| A A f
\ 13 ’ 13 , 13 \ ,
| 12 | 12 | 2]\ |
\ 11 ’ 11 I 11 ‘ ,
U le [l | ] A |
‘ q ’ a q
NN | T I
. o o [\ |
V| (] \ s|f s [\ /
\\ 4 II 4 4
S \[1 A TN
74" 74" 4"
y =2x y=(x+2)y y=(x -4y
A / A A /
L 13 23] \ /
12 ; 12 12| \ |
e \ - -
\[_ . J 1] J N\ |
s _.. g ] | [\ |
| \ /
\ [ Hii . .
= .
3 1l . 4 I 4 \ /
\VA / /
Pl \1 4 » P y [ Pl - [
T b -R -1_1 2 B # T \ 3 -:Ll L b s 5 -R 1‘1 T N
-4‘ -4 4

y A 4 _V
y = mx y=(x+2)y -3 y=(x-4y+2
wi YEAR 11 MATHEMATICS
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Exercises
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A

4N

N

(x-2)(x+4)
2+x-X

y
y

d.

26

A

10

Qs

YEAR 11 MATHEMATICS

v
A
v

(
[t

3
-4
5
8
-7
-8
-9
4110
2
-3
-4
8
-7
-8
-9
110

-1
-1

32
32

5 4
5 4

-6
-6

A9 8 7

489 8 7

MAHOBE
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2. Sketch the graphs of the following functions, clearly marking all
intercepts, the axis of symmetry and the vertex of the curve:

a. y=x"-7x+6 b. y=x+8x-20
A A
v \ 4
c. y=x"-2x-35 d. y=x*-3x
ﬂk A
v A\ 4
3. The sketch is of the function: y = (x - 2) (x + 3).
Write the co-ordinates of the points A, B, C, D and E. ‘
A
A=( . \.) B=( ., .)
C=(,) D=( ) o)
E=(... ) e )

@A YEAR 11 MATHEMATICS
T~ ¢
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4. The graph below shows part of a race track. The unmarked section between
points A and B is being redesigned into the shape of a parabola. This section
can be drawn by the equation: y = (x + 3)(x - 2)

Complete the table then joint the points between A and B to show the
completed track.

X -2 -1 0 1 2 3
(x +3)
(x-2)
(x+3)(x-2)
T |13 ~
12

.
.

N
-]

[e]
g /
; /
6 lA
5
\ 4
\ 3
\ 2
\ ;
A ,
"5 -4\-3 -2 1_1 2 3 4 5

v
MAHOBE
YEAR 11 MATHEMATICS
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Quadratic Graphs - Merit Example

A stone is fired from a catapult. The height gained by the stone is given by the
equation h = 25t - 5t°. (h = height of the stone, t = time in seconds.)

a.
b.

At what times is the stone at a height of 25 metres?
What is the stone’s height after 2.5 seconds.

Draw up a table then plot the points on a graph.
t o 1 2 3 4 5
25t © 25 50 75 100 125
-st'_ O -5 -20 -45 -80-125
H=25t-5 © 20 30 30 20 O

Height (metres)
321

< » After 2.5 seconds the stone
30 . ) .
\.\ is at its greatest height:
8
# \ h = (25%x2.5) - (5%2.5%)
26 \
25| > = 62.5 -31.25

Sy \
SRR \
o | \

12

31.25 m

IN-#G\oo
\
\r\
0—
A

}__.
Time (seconds)

The stone is at a height of 25 metres after 1.4s and 3.65s
Check with the original equation: h =25t - 5t
25 = 25x1.4 - 5x1.4
25 = 25%x3.6 - 5x3.6°

MAHOBE
@A YEAR 11 MATHEMATICS NAROUDE
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Quadratic Graphs - Merit Example

Owen and Becks are playing football. Owen receives a pass and quickly kicks the
ball towards Becks. The graph below shows the path of the ball as it travels from
Owen to Becks. The graph has the equation y = 0.1(5-x)(x + 1).

The graph is not drawn to scale.

height of the ball (metres)
y

4

X
Owen Becks

horizontal distance traveled (metres)

a. Write down the value of the y-intercept and explain what the value
represents.

The y intercept is when x = O. It represents the initial height that
the ball was when Owen kicked it. Therefore put x = O into the

equation. y =0.1(5-x)(x + 1)
y = 0.1(5)x(1)
y=o05

Owen kicked the ball to Becks when it was at a height of 0.5m

b. What height does the ball reach above the ground?
The midpoint of the parabola graph is midway between 5 and -1.

These are the x intercepts (when y = O).
This means that the maximum height (midpoint) is at:
(5 + -1) =2 = 2, put this value into the equation:
y=01(5-2)(2 + 1)
y=01x3x3
Yy = 0.9 metres above the ground

MAHOBE
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5.

Mary-Kate is trying to solve the equation x* - 3x = 1. She tries different
values at random such as x = 3 but cannot find a solution.
a. Draw the graph of y = x* - 3x using the x values from -1 to 4.

A

4 b. By drawing a suitable line on the
graph above show the solution to
the equation x* - 3x = 1.

How many solutions are there?

A
-
v

gL
<

c. Thegraphsofy=-xandy=x(x + 2)

\ 4

are shown on the right.

Write down the co-ordinates of points A and B.

e. Theliney = 2x + 4 passes through point B.
What is the gradient of the liney =2x + 4 ?

Gradient= ... ..... ... . .. .

f. On the diagram, draw in the line y = 2x + 4.

Find other intersection points of the parabola and the line y = 2x + 4.

YEAR 11 MATHEMATICS A
T~ §
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6. Michael throws a cricket ball. The height of the ball follows the equation:
h = 20x - 4x* where h = the height in metres that the ball reaches and x is the
time in seconds that the ball is in the air.

a. Complete the shaded areas of the table below for the equation:

h = 20x - 4x
X 0 1 2 3 4 | 5 6
20x 0 20
4 |0 | 4
20x - 4x° 0 16

b.  Use the results of the table to draw a graph of h = 20x - 4x°.

N
3]

N
~
(1)

Describe what happens to the ball.
e.g. What is the greatest height?
How long is it in the air?

N
»

N
[&)]

N
N

N
w

N
N

N
=

N
o

=
©

—_
oo

—_
~

—_
(o]

—_
[6)]

—
N

----------------------------

-
w

N}
o

What happens to the ball after five
seconds?

-
—_

A N W b O O N 0 © O

----------------------------

&
<

v

1 23 4 56 7 8 910
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7.  An architect is designing a block of business units. The roof line is made
from a series of parabolic shapes - 2 complete parabolas and two half
parabolas. A B C

NN

a. The equation of the parabola between the points A and B is:

X
y=5-95
Use this equation to complete the table of values.
X -3 2 -1 0 1 2 3
X2
5 45 2
-5 -5 -5 5 5 -5 -5 -5
y -05 -3

b. Aand B are two of the peaks of the roof. Plot all the points from your
table of values above and draw the parabola.

AA} A J?B
4 & 5 T2 3% 5 '\ (metres)

A
D

]
()]
D

1 I | 1 I
N & o | W

vy (metres)

X2
c. Solve the equation 5 -5 = 0, and use the solution to find the total

width of the roof.

I
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8. Aroad tunnel is shaped in the form of a parabolic arc. The tunnel can carry 2
lanes of traffic. It has a span of 12 metres and is 9 metres high at the vertex.
The equation of the parabola is x* = -4(y - 9).

A

y

A

A

12m > X

v

A container truck wishes to drive down one side of the tunnel. The truck is 7
metres high and 4 metres wide. Can it safely travel through the tunnel?

.............................................................
.............................................................
-------------------------------------------------------------
.............................................................
.............................................................
.............................................................
-------------------------------------------------------------
.............................................................
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A theme park roller-coaster ride includes a parabolic shaped drop into a
tunnel from a height of 45m.
This drop can be modelled by y = x* - 14x + 45.
a. On the grid below sketch the graph of: y = x* - 14x + 45,
Show all intercepts and the turning point (vertex) clearly.

50

40

30

20

10

-10

I
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b. Where does the bottom of the drop occur?

........................................................

C. How many metres does the roller coaster drop from top to bottom?

--------------------------------------------------------

d.  Use your graph to find the solutions to x* - 14x + 45 = 0.

e. Writey=x’-14x +45in the formy = (x + a)’ + b.

MAHOBE
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Finding the Equation of a Parabola

The standard form of a parabola is: y = ax® + bx + c.

If a> 0 (i.e. positive - then the parabola opens upwards \J).

If a < 0 (i.e. negative - then the parabola opens downwards N).
If |a| > 1, the graph widens, if |a|] < 1, the graph narrows.

The vertex form of a parabola is y = a(x - h)? + k, where (h, k) is the vertex.
e.g. a. The graph below shows a parabolay = ax? + bx + ¢, where a = 1.

Find the values of b and ¢ by usingy = a(x - h)* + k /

14
13
12

The vertex (h, k) = (3, 4),a = 1. .
Therefore y=(x-3%+4

©
-
T~

Y=x*r-06X+9+4

Yy=x*-06x+13

of B N W A O & N ®

B

12 3 4 5 6 7

b.  Write the following parabolas in the form ax® + bx + ¢ (where a = 1).
i. Yy Ar ii- Yy 4

(0, 0) (5,0) X (-3, 0) \//(1,0) "

(2.5, -6.25)

Looking at the x intercepts, equations can be easily formed.

Yy = x(x - 5) y=(x+3)(x-1)
Yy = Xx* - 5x y=xr+2x -3
or using Yy = a(x - h)? + k and the vertex (h, k):
y=(x -2572-0625 y=(x+12 -4
Yy=x*-5X+ 625 - 625 y=xt+2x+1 -4
Yy = X* - 5% Yy=xt+2x -3

I
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c.  Find the equation of the following parabola: yT (1. 18)

Using y = a(x - h)* + k
y=a(x -1)>+ 13

To find the value of a, substitute a 20 @o
Known value e.g. (4, O)

O=a(4 -1)>+138

O =a(3)?* + 18

O =9a+ 138

a= -2

y=-2(x-1)*+18

y=-2(x* -2x+ 1)+ 18

Yy=-2x*+4x -2+ 18

Y= -2x*+4x + 1o

d. Find the equation of the following parabola: T (13, 4.5)

Using g = alx = W7+ Kk o o)/>§ 0) X

y=a(x - 13>+ 4.5
Substituting one of the known values e.g. (10, O)
O = a(10 - 13)? + 4.5
O =a(-3)*+ 4.5
O=49a+ 4.5
= -
Going back to the original vertex form
y= -%(x -13)*+ 4.5
Yy = -(x* - 26X + 169) + 4.5
Yy = —ext + 13x - 84.5 + 4.5
Yy = —Vax*+ 13x - 80

YEAR 11 T MAHOBE
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Quadratic Graphs - Excellence Example

Reece and Gyn are playing volleyball. Reece is 4.0 metres from the net on one
side and Gyn is 2.0 metres from the net on the other side. Reece serves the ball
and it travels the path of a parabola across the court. The height of the ball as it is
initially being served by Reece is 1.5 metres above the ground. The ball reaches a
maximum height of 3.5 m when it is directly above the volleyball net. Gyn is able
to jump and reach a height of 2.7 m. A diagram of the situation is detailed below.
The diagram is not drawn to scale.

2.7 m
1.5

A

v

v
A

> X

Reece 4.0m 20m  Gyn

Form an equation that gives the path of the ball and use the equation to
determine whether Gyn can reach it or not. Justify your answer with clear
mathematical reasoning.

N

The ball rises 3.5m above the ground therefore the equation would
be of the form y = -ax* + 3.5. Using the point (-4, 1.5)
l.e. the point at which the ball is served. 1.5 = -a(-4)" + 3.5

1.5 = -a(16) + 3.5

The parabola is a shape so it must be of the form y = -ax”

-2 = -1lea
- ¢
Now that we have the equation i.e. y = —%xﬂ 3.5, find the height
of the ball at x = 2.0m y= —%(2)% 3.5
y=-5(4)+35
y=3.0m

This means that the ball would be 3.0 m high and therefore Gyn

would not be able to reach it as he can only jump and reach 2.7m.

e
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Quadratic Graphs - Excellence Example

Beatrice is entered in the discus throwing event. One day at training she has a
warm-up throw in which her coach videos her technique. The discus is 2 metres
above the ground when it is released. During the first 10 seconds the height of the
discus increases at a constant rate of 3 metres per second. After 10 seconds the
flight of the discus can be modelled by a parabola. At 12 seconds the discus
reaches a maximum height of 36 metres. The flight of the discus is graphed below.

40
LT
Height 5 ]

Reached » pd
(metres)

20 - \

// N
vd
10 P
v
0 3 6 9 12 15 18

Time in the air (seconds)

a. Write two equations that model the flight of the discus.
The first equation is when the discus is at a constant upwards

speed of 3 m/s. It is released at 2.0 metres above the ground.
Therefore H = 3t + 2. The second equation is the parabola. The
vertex of the parabola is (12, 36).

Therefore the equation is H = -(t - 12)* + 36

b. The video camera is placed 27 metres above the ground. Calculate the
times when the discus is level with the video camera.

Using equation 1 H = 3t + 2

27 = 3t + 2, Therefore t = 8.33 seconds
Using equation 2 H = -(t - 12)* + 36

27 = ~(t - 12)* + 36

t =15 or 9 seconds
Therefore t = 15 seconds as during the first 10 seconds the
discus is following the path of the other equation.

I
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10. The jet of water from a park's water sprinkler follows the path modelled by
y = 0.5x - 0.01x*, where x is the horizontal distance travelled and y is vertical
height that the water reaches.
a. On the grid below show the parabola 'y = 0.5x - 0.01x’.

Height Y
Reached 1

- N W b~ 00 O

» X

0 10 20 30 40 50
Distance Travelled

b. What is the furthest distance that the water travels?

c. The midway point along the total distance travelled is also the highest
point of the water jet's path.
Find the greatest height that the water reaches.

MAHOBE
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e.

At one end of the park is a 2.25 m high fence. The water is just
managing to go over the fence. Substitute y = 2.25 into the water
equation and show that it can be rearranged as: x* - 50x + 225
Then calculate the distance of the wall from the sprinkler.

> x

If the park caretaker moves the sprinkler so that the water just reaches
the base of the fence, how far will the sprinkler have to be moved?

YEAR 11 MATHEMATICS @‘A
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Blast away blackheads

Go to school with an excellence in skin appearance!

The Environ skin care range is made from quality ingredients
and is vitamin enhanced. It is free from preservatives,
colourants and animal extracts. If offers a definitive regime to
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You are advised to spend 25 minutes answering the questions in this section.

QUESTION ONE
Tayla and Naomi travel separately from Mathemahoe to Graftown.

Graftown is 240 km from Mathemahoe. The graph below shows their distances
from Graftown in kilometres, D, and the time, t, in hours.

D (km)

250
240|A
230 N
220 Tayla
210 \
200 \
190 \
180
170 \
160 .
150 h
140 \
130
120
110 D
100 \
90 \
80 N
70 N
60 h
50 h
40 A
30 \
20 \ Naomi
10 \

ov <
1 2 3 4 5 6

Distance
7

»
»

t (hours)

(@) Whatis Naomi's average speed? ...................

: wi YEAR 11 MATHEMATICS Q&,A
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(b) Naomi has been travelling for four hours.
How far is each girl from Graftown?

Naomi  .......... ... ......
Tayla ... ...

(c) Describe Tayla’s journey in relation to Naomi’s journey.

(d) Leezah cycles from Newmarket to Graftown.
The distance, D, from Graftown is given by the equation:

D =120 - 30t where t is time in hours.

Draw a line on the graph (previous page) to show Leezah’s distance from
Graftown.

(e) How long does it take for Leezah to reach Graftown?

(f)  Tayla’s journey is shown on the graph on the previous page. Her journey is
made up of two parts. Write the equation of both parts.

Equation AB = . . .. ... ..

Equation BC = . . ... .. .

MAHOBE
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QUESTION TWO

>
»

Use the grids alongside to

—_

draw graphs of:

(@) y=3x+4

AN O BB O OO N O O D

>
»

—

(b) y=x-5

AN O B g O N OO OO

MAHOBE
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v

A

4N

[t

-2
4
-5
-6
-7
-8
-9
110

-1

3 2

5 4

-6

Q)

v

A

D <t

an
|V

[t

-2
-3
-4
-5
-8
-7
-8
-9

-1

+10

-3 -2

5 4

-6

3y-5x=15

(c)

A9 8 7

X(3 - x)

y=

(d)

-10| -9 -8| -7

MAHOBE
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>
»

—_

() y=x"-6x+5

=(x-9)(x-1)

AN O BB O OO N O O D

= (x-3)-4

>
»

—

QUESTION THREE

AN O B g O N OO OO

Write the equation of the

line drawn on the grid. -10

¢

-4

<

-6

-7

-8

-9

MAHOBE
S~ —
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QUESTION FOUR

Bio-fuel made from recycled cooking oil is currently produced for $2.60 per litre.
Scientists predict that as their knowledge and technology improves, the cost of
production will initially increase but will then decrease until the cost reaches
$0.50 per litre. The model for the production cost of one litre of bio-fuel from
recycled cooking oil over the next seven years has the formula:

-1
C= 70 (t-2)+3

The graph of the model is sketched below.
C is the production cost per litre in dollars and t is the time from now, in years.

Production cost per litre (SC)

$2.60

< f > Time (t years)
Y 7 years

(@) Using the model, calculate how many years it will take for production to
start decreasing.

(b) What is the maximum production cost of bio-fuel that the model predicts?

(c) How long does the model suggest it would take for production costs to be
less than $1 per litre?

MAHOBE
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QUESTION FIVE
A hybrid car is fueled by a combination of battery and petrol power.

It is predicted that the number of taxis that are not hybrid will decrease for the
next 4 years at which point all taxis will be hybrid.

Percentage of taxis not hybrid.

100%

0 [ )
4 Years

In a survey this year, no taxis were classified as hybrid. The parabola above
illustrates the situation. Over the next 4 years the number of hybrid taxis will
increase. Write the equation of the parabola.

Use the equation formed to calculate the number of years before 80% of taxis
are hybrid.

e
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The A
e ANsSwers "
Page 11 NIEEE
. . Line b 22
1. Line a equation \ N Page 13 (cont) iz
y=3x-5 \ | L ) Line a 4
\[ L] / \
Line b equation \ P <
= -4x+1 \ / 4
\ 3
/ 2
\:t 1]
\ / y=3x+1 :4542-141 T
1 1A‘ 42
S T iR 4 3
-2 \ / -4
By v
. \\ J 1/
/7 : y=lex+1
PR 1/ A T
[0 \ ] ]
/ ’; \ < s 2 1 F P > € E7) SN I 73 =
14 \ -2 2]
i ] v
j e
Page 12 —_Z
2. a. Co-ordinates of A = (-1, 1) / :Z
Co-ordinates of B = (3, 3) M
b. X intercept = (-3, O)
y intercept = (O, 1.5) Page 14 fy=-4x+1 dy=3x-2
c. Equation y = 0.5x + 1.5 > A (I AVANA
3. Parallel lines = A & C (gradient = 3) \\ »
. . _ 13
Negative gradients = B & D . y
Point (5, 13) = A & D \
4. x values: -3, -2, -1, o0, 1, 2, 3 \ .
a. "10) "8) "6) —4) —2) 0) 2 ™~ \ Z
b -8, -5, -1, 1, 4, 7,10 ~A\) /
C. -, O, Yo, 1, 1%,2,2% ~] 0 i = gjy-g_;:/jss
~ g y= -
d 14, 12, 10, 8, 6, 4, 2 - ~_~
;7—>4‘4—5-z r.1 1 ] 4 _7.(7 wz\b.z)us\z;:zo
— T~ hoy= -ax +1
Page 13 \[ [
g y=2x -4 f \ //
A '—q {
| /~C
1 A -7 \
:—3—2—1_1 5 E > / / :? \ a-x+y=3
-2 ,// 10 \
-3 7 411 \
4 I —+12, \
- 413
-6 414
7 / -1s \\ ey=-2x+4
—16
-j [ 17
= +18
i
7 / \
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Page 15
6. a. Michael is the initially the most
successful.
b. Annual rate of change is:
Britany: $125 =+ 8 = $15.625m
Paris: $75 + 8 = $9.375m
c. Michael’s net worth is declining
at a rate of $40 wmiillion per year
He will be worth less than $1m
during 2011.
Page 16
7. a. The line between 300 metres and

& minutes is Britney. The slope of
the line tells us that she ran 300
metres in 6 minutes.
The line between 200 metres and
8 minutes is Paris. The slope of
the line tells us that she walked
200 metres in 8 minutes.

b. At 4 minutes they are both 100

metres from the mall i.e. 1.34pm

Page 17

8.

Cooking time (minutes)
80, 130, 180, 230, 280

250
244
239
224
219 Y/
209 /i
1490} ‘V
180)
170}

160 /'
159 /

140 //
130
120
1149 /
100 Y =5QX
ad)
g9
79 L
&0 /
50 /
»4
30
20 Ypr o

Cooking time (minutes)

W
NS
N
N

\A/eighz (kg)
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Page 17 (cont)
The two equations are:

y = 50x + 30 (Ramsey’s recipe book)

Yy = 60x (Ramsey’s mum)

The first recipe cooks the roast slowly. If

the first recipe is corvect then the

second will undercook the roast for up

to 3kg and then overcook it for weights

over 3kg. Both methods agree on a

cooking time for a 3kg roast.

Page 18
Cost (cem&s)A W
280 &) UM o
¢0 N A
260
V.
240 /
220
200 /
180
160
140
120 /
100
80
/
60 /
40
20
o 5 10 15 20 25 30 35 40 >
Time (minutes)
Page 149
b. i Stay In Touch
ii. Cost at Time = O is the highest
c. i 20 minutes
ii. The lines for both intersect
d. i Move Talk equation: C = 8t
ii. Talk On equation: C = &t + 40
Page 20
10. a. Work it Out has fixed a daily rate

while Fitness Concepts has a an
initial fixed fee with a daily rate.
If hiring equipment for less than
40 days it would be better to use
Work it Out. After 40 days you
would be better with Fitness
Concepts.
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Page 20 (cont) Page 26
b. After 20 days you are charged d. HENL N NN NN
$60. Therefore the daily rate is ]
$3 per day.
c. The fixed fee is $100 \ . l’
d. Fitness Concepts would charge \ i ’u

$118 (3100 + 30.40 per day)

Work it Out would charge $135 -
(45 x $3) \ 1/
The cheaper option is Fitness y

]
~—

(2l Ha) Lq
Concepts. If Terrence was to M
continue hiring the equipment he y=(x-2)x+4)
would save even more. .
h
Page 25
|y = X(x - 2)
" A .5, Z2.3)
8 T ¥ - 7: 7 7
Jlol T 1\
\ / {1\
\ :
\
; | \
L/ »
o-7-3-7 ¢ 54321 N1 3 4 5 6 7 q 1 TR
A g=2+x-x
Iy Page 27
= 2 a y=x -7x+6
| y intercept is when x = O
-q ' —
%) y intercept = (O, ©)
X intercept is when y = O
A A
- - X =7x+6=0

4 o 9
]

(x —6)(x —1)=0
X=6orx=1

p ] The x co-ordinate of the vertex is half
- 7 way between the x intercepts. With this
4 A equation the vertex x value is 3.5
R W I R D R S R R R R
B 1 y= (3.5 — 7(3.5) + 6
\ G T 1270 y=-"625
‘ —4 II Yy
¥ ) ©, 6)
/. \
\/ [ | 1\
-l (O: ‘8) ﬁi| < [
—+410| =10 - "

=5 Jo o X
v v
y=2x -3 y=-xx-1)-3

(3.57-6.25)
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Page 27 (cont)

b.

y=x +8x — 20

y intercept is when x = O

y intercept = (O, —20)

X intercept is when y = O

X + 8x —20 =0

(x+10)(x —2)=0
X=T1l0orx=2

The x co-ordinate of the vertex is
halfway between the x intercepts.
With this equation the vertex x value
s —4

y=("4y+8(—4) - 20

y=x —2x - 35

y intercept is when x = O

y intercept = (O, ~35)

X intercept is when y = O

X —2x —35=0

(x = 7)x+5)=0

=70rx=75

The x co-ordinate of the vertex is
halfway between the x intercepts. With
this equation the vertex x value is 1

y= (1Y -2(1) - 35

y="36

@(A YEAR 11 MATHEMATICS
T~ ¢

Page 27 (cont)

d.

y=x - 3x

1
V)

y intercept is when x
y intercept = (0, O)

]
V)

X intercept is when y
X —3x=0

X(x —3)=0
X=0o0orx=3

Y

o 3

(1.5, -2.25)

5. y=(x-2)(x+3)
A =y intercept when x = O
y=(0 - 2)0 + 3)
y= -0
A= (0, —6)
B and C = x intercepts when
y=o0
(x —2)(x+3)=0
X=2o0rx=-5
B=(-3,0)
C=(2,0)
D is halfway between the x intercepts
D = (-0.5, 0)
E is the vertex when x = -1.5
(-0.5 — 2)(-0.5 + 3)
= -3.5x 1.5
= —6.25
E =(-0.5, —6.25)
Page 28
4. 5

(3+x): 1, 2, 3, 4, 5, 6
(X - 2): —4) —3) —2) —1) O} j‘
-4, -6, -6, 4, O, o

59
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Page 28 (cont) Page 32 (cont)
f. Intersection points (see graph
below are (-2, 0) and (2, 8).

»
>

I
0
y

z These points can be confirmed
10 by substitution into either
g / equation.
g / /
. / /
6 { A \ /
s f \\ //
4
5 |
\ 2 | A
\\ 1 I \ /
<+ Nt 2 Fq ¢+ )! A < >

\—b"'l Page 33

. 6. a. 20X 40, 50, 60, 80, 100, 120
v -4x*, 16,25, 36, 64, 100, 144
Page 32 24 25 24 16 O©O -24
N b.
s. a. 4
284
\\ 3 // 27
26
\ 2 / 25
24
\1 / i\‘/)T 23
\ / 3 [
P 22
- — — < 21 / \\
£ 20
4\ / S w0
J LA R
= \_// 17
16
=3 15
v 14 ”
13
b. There are two solutions. 12 ,’ \\
Actual solutions (although not i; , \
asked for or required are al | \
= -0.3027 and x = 3.3027) & ,’ \\
S
c. A =(-3,3),B=(-2,0) 6 |
There are many possible > \\
4
answers. Your coordinate must - |
lie on the parabola e.g. (-1, -1) 2
(0, 0) or (1, 3) =t 530

X (time in seconds)

e. Gradient = 2
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Page 33 (cont)

c. The ball travels up into the air
for 25 metres. This takes 2.5
seconds. It then travels back
down to earth where it hits the
ground at 5 seconds.

d. In theory after 5 sec the ball is
travelling underground. In
reality, it would hit the ground
and bounce back into the air.

Page 34

a. y values -4.5, -5, -4.5, -3, -0.5

(metres)

A

A A X

»

-5 4 \5 -2 1 L 2 5
-1

N 4

Ne|

y (metres)

c. X* -10 =0
Xx* =10, X =% 3162
This means total width
6 x 3162 =18.97

Page 35

8.

Find the distance along the x axis when
the height of the tunnel is 7m.

X = -4(7 - 9)

X' =8,le x=2828

The truck is 4m wide. Therefore it could
not travel down one half of the road.

However, maybe it could travel along
the middle of the road to safely go
through the tunnel. At the top of the
next column is the calculation for the
clearance between the top of the truck
and the tunnel when traveling down the
middle of the road. When in the middle
of the road the truck is 2m either side
of the y axis.

@(A YEAR 11 MATHEMATICS
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Page 35 (cont)

2% = -4y - 9)
= -4y + 30
-32 = -4y
y=28

Therefore there would be 1m clearance
when traveling down the middle of the

tunnel.
Page 36
q. o1
o\
°T
\
\
30 \
\ /
\ /
/
20 |
\
\ /
\ /
1o \ 7/
\ /
R y
\
° 2 4 1 12 >X
~ v
a. Intercepts (O, 45), (5, O), (9, O)
Turning point (7, -4)
Page 37
b. The bottom of the drop occurs at
X =7m
c. Roller Coaster drops 49 m
d. Solutions x = 5 and x = 4
y=(x-7%*-4
Page 43
A
5
4
3
2
1/ \
0TI 30 o o o
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Page 43 (cont)

b.
c.

Page 44

The furthest distance = 50 m
The highest point is at the
midpoint of the parabola i.e. 25m
0.5 (25) - 0.01 (25)* = 6.25 m

2.25 = 0.5 - 0O.01x*

0.01x* - 0.5x + 2.25 = O
(multiply by 100)

X* - 50X +225 = O

(X -5)(x -45)=0
X=50rx=45

The fence (s 45 m (the furthest of
the two factors) from the
sprinkler.

The total distance from the
sprinkler that the water travels

Is som. The fence is at 45 m.
Therefore move the sprinkler back

5 m.

Page 48, Question One

a.

Page 49

Naomi’s average speed
240km = ehrs = 40 km/hr

After 4 hours Naomi is 80 km
from Graftown, Tayla is 60 km
from Graftown

For the first hour Tayla is driving
around Mathemahoe. She then
drives towards Graftown at a
faster rate than Naomi (at
240km + 4hrs = 60 km / hr).
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Page 44 (cont)

d.
D (km)
250 |
240 [A B
230 J(
220 fayla
210 \
200 \
190
180
170 \
160 \
150
140
A\
130
120
110
100 ‘\
90 \
80 \
70 \\ A
60 Legzah
50 \
40 \\ \
-
30 L
20 Naori
10 \\‘
Me >
> : >
4 ° t (hours)
e. 4 hours
f. AB,D =240, where 0 < t< 1
BC, D = 240-60t where 1 < t< 5
Page 50
a. y=3x+4
A
/
-195'_775-5432/1 g 1
1
2
-3
JAM
5
-8
/ 2
-8
-9
/ 10
A
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Page 50 (cont)

b. y=x -5
A
\ /
\ ; |
V1 |
\ /
\ 13 /
\\ ) /I
10 -9 -8 -7| -6| -5 4| -3 S 3
\ls|l [/
-4
-8
-7
-8
-9
10
v
Page 51
c. 3y -5x =15
A
A/
/0
1079 -8 -7| 6| -5 4 2 g 3
/ 3
-8
-7
/ 8
-9
10
v
d. y=x(3-x)

Max = (1.5, 2.25),
Intercepts (0,0), (3, O)

A

»

LD P & i N P © g

.
o
//

|
/
/
/

B NG®O K

1

QA

v
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Page 52

e y=(x-95)(x-1)
Points of interest:
X intercepts (1, O)(S, O)
y intercept (O, 5)

minimum (3, -4)

\ A

\s /

\ |

| |

|

| |

2]\ [

1A\ /
95‘76-54321_1 K]

2l 1\ /

3. y intercept is -3
gradient (s -2
equation is y = -2x - 3
Page 53
4. You can calculate this by drawing up a

table.

Year O, 1, 2, 3, 4, 5, e, 7

Cost: 2.6,2.9,3,2.9,2.6,21,1.4,0.5

a. The table shows that production
will start decreasing after 2 years.

b. The maximum production cost (at
two years) will be $3.

c. The production costs will be less
than $1 between & and 7 years.

The above figures can also be calculated

using a(x - h)* + k where (h, k) is the

maximum value (2, 3) i.e. 2 years, $3
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Page 54

5.

<

80% hybrid means 20% not hybrid.
The curve is a parabola meaning that in

theory it runs from -4 to 4.

100%

-4

[ 0 |
Years

20%
\,

The parabola is a /\shape
therefore it must be of the form y = -ax*
Using the point (O, 100) the equation
can be further drafted to be:
y = —ax’ + 100
Using the point (4, O)
0 = -a(4) + 100
O = -16a + 100
a=o025
This means the equation is:
Yy = -6.25X + 100
This means at y = 20
20 = -6.25x + 100
-80 + -6.25 = ¥

12.8 =x

X = 3.58 years

At this time, 80% of the taxis will be
hybrid.
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THE NZ CENTRE ©OF MATHEMATICS

fueling maths education

The Mahobe RedBack Calculator

The NZ Centre of Mathematics recommends the Mahobe
RedBack scientific calculator for NCEA. This calculator
has advanced features, such as equation solving, to help
take the sweat out of such calculations. Purchase it
direct from the Mahobe website www.mahobe.co.nz.

NCEA Level 1 English Questions & Answers

Each of the English Achievement Standards are introduced with
a wide range of writing topics along with excellent hints on how
to structure and write an outstanding essay. There are many
sample excellence essays from previous years' successful students.
This book shows you how to combine all your teacher and class
notes and practise successfully for each assessment. Q&A English

is $14.95 and can be purchased from Whitcoulls, Paper Plus or
from the Mahobe website www.mahobe.co.nz

NCEA Level 1 Science Questions & Answers

There are explanations and practice NCEA assessments of the P on B

type that can be expected in the exam. This book allows you to T

focus on the exam essentials. It will your boost confidence and @M
§

maintain motivation in the weeks leading up to the exams. e
Study with this book and you will enter the exam room with

more comfort, confidence and enthusiasm. Q&A Science s SCIE"CI
$19.95 and can be purchased from Whitcoulls, Paper Plus or . -
from the Mahobe website www.mahobe.co.nz
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