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Patterns

This pattern can be described by writing down the numbers 1, 3,5, 7, 9.
It can also be described using algebra. The formula is 2n — 1.

The next (6th) shape in the pattern will have 11 dots.

This can be calculated by substituting n = 6 into the formula:
whenn=6,thevalueof2n — 1is2 x 6—-1=12—-1=11.

Practice

1

4.

Write down the next two numbers in each of 2 Here are rules for some sequences. Write
these patterns: down the first five numbers of each one.
a 1,23456 _,_

b 4,6,810,12,14, ,
1,3,5 7,9 11

¢ T = — ¢ First number is 40. Take away 6 each

d 2,5811,14,17, _, time.

e 1,6,11,16,21,26, _, d  First number is 100. Take away 7 each

£ 25,22,19,16,13,10, _,__ tme.

a  First number is 6. Add 5 each time.
b First number is 12. Add 2 each time.

Draw the next shape in each of these patterns. Underneath the shape you have drawn, write in
the number that goes with it.

a b X X
» X
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. X X X X "
1 2 3 oo “ .
1 5 9
‘ Q@ 00 000 -
c [ ] [ I ] 7d .
® I ) e e 0 6 11 16
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Each shape in this pattern shows a row of blue tiles surrounded on
all sides by green tiles.

d

b

&
d

Draw the next shape in this tile pattern.
Copy this table and complete it for the first six shapes in .

the pattern.

"Numberofbluetiles, & | 1 | 2 |3 [ 4 | 5 [ 6

Number of green tiles, g 3 10

How many green tiles are added on at each step?

b is the number of blue tiles, and g is the number of green tiles. Which of the following is the
correct rule for this pattern? (Multichoice)

(A) g=b+7 (B) g=b+8 (C) g=4b (D) g=2b+6
How many green tiles will there be when there are 20 blue tiles?

2



Co-ordinates
A reminder about co-ordinates

Remember from last year that we can plot any point when we
know its co-ordinates. An example of a point given by
co-ordinates is (4, 1).

* The first number shows where the point is relative to the

horizontal x-axis.

T

* The second number shows where the point is relative to the
vertical y-axis.

The order of the co-ordinates is important, (4, 1) is a different
point from (1, 4).
Often, we refer to the (x, y) co-ordinates.
Remember that the order is alphabetical: * x before y
* horizontal before vertical
» first before second.

Practice

Draw each set of co-ordinates separately do not join (A) co-ordinates to (B) co-ordinates etc.

A) (13,14) (17,14) (17,10) (13,10)
B) (14,9) (13,10) (13,16) (11,16) (11,15) (12,15) (12,10) (14,9)
C) (12,13)(11,14) (10,14) (9,13) (9,12) (10,11)

(
(
(
D) (11,13)(11,12)(10,13)
E) (
F) (7,5)(7,2) (8,3) (8,4) (9,6)

G) (8,3)(8,2)(10,2) (11,3) (12,2) (13,2) (14,3) (14,4) (12,4) (11,3)
H) (12,4) (13,5) (14,4)

) (13,5) (13,7)

) (14,9) (14,8) (13,7) (12,7) (11,8) (12,10) (11,9) (11,8)

K) (18,5)(16,3) (14,3) (15,4) (16,4) (16,3)

L) (14,9) (15,9) (16,8) (15,8) (14,9)

(17,14) (18,13) (20,6) (18,2) (18,10) (17,11)

-
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9,12) (7,12) (4,13) (2,8) (4,7) (4,4) (5,4) (6,5) (7,5) (7,6) (6,6) (5,5) (5,9) (7,9) (8,8) (7,6)
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Graphs of Straight Lines

1. Choose a sensible value of x... one that is small enough to fit on the paper, and easy enough
for you to work out
Carefully substitute it into the equation to get your Y value
Do this 4 times so you have four points

4. Join them up with a straight line

Crucial: If one of your points does not lie on the straight line, then I’'m afraid you have made a
mistake... but at least you know which one is wrong so it should be easy to fix!

Number 1 Mistake People Make: Messing up their negative numbers... you must be very careful

when substituting negative X’'s

One Final Top Tip: Pick x = 0 as one of your points, as it is often nice and easy to work out the vy

value!
Example:
Y
10F
y=2x-1 :
x 21 0 2 | 4 L/ x
- f 214 6 8 10
Y 5 -1 3 7 i
Practice:

Complete Tables and draw the lines for the following rules. You should be able to fit them all on the
same graph — Make sure you label them clearly!!
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General Rule of a line

Gradient
* Thegradientofalineisanu
how steepit is.

* We measure it by describing how much the
line rises for every unit of sideways

movement.
Second

point
Gradient = - .
Run First
point
Run

* The gradient of a line with a

Y-intercept
mber that tells us

The y-intercept is the point
where the line crosses the v
axis.

rule like y =mx

+ Cis M e.g. the gradient of the line with the

rule Yy =2x+3is2

Draw the line given by
the rule y =2x — 4.

Answer

The gradient is 2.

The y-intercept is ~4.

Place a mark on the y-axis at ~4. This gives a point which will be on the
line.

From this point, draw a line with a gradient of 2. y

Note that 2 = T

L.
==

so go across 1 unit, and . This gives
another point on the line.

Draw a line that goes through both points.

Note: the dashed lines are not part of the
graph. They have been put there to show
how the gradient was used to draw the line.



Graphing lines using Gradient and y-intercept

]

Write down the gradient for each of these
lines.

a y=2x+3 b y=4x-1

¢ y="5x+2 d y=%x—5
e y=_T1x+1 [ y=x |
g y=x+4 h y="8x

i y="x+2

Write down the y-intercept for each of the
lines in question 1.

Draw the graphs for the lines that have these
rules. Each one has a positive gradient.
(Note: a blackline master for grids
of these graphs can be downloaded
from the Beta Mathematics Teachers”

Guide.)

x

/B

o

g | 11 L1 1 1 L1 1 1 1

a y=2x+1 b y=3x+2
¢ y=2x-3 d y:%x+1
e y=%x—4 .

4 Draw the graphs.for the lines that

have these rules. Each one has a
negative gradient. (Note: a blackline
master for grids of these graphs can
be downloaded from the Beta
Mathematics Teachers” Guide.)

a y="2x+5 b y=-"2x-1
¢ y="3x+4 d y="x+1
1 5

e yz_Tx-I—E f y=%x+4
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Graphing patterns
1. a)Draw the next two shapes in this pattern

1

b) Complete the table

Number of squares 1 2 3 4 5

Number of dots 4 7

c) In your book, graph this pattern with “Number of Squares” on the x-axis and Number of dots

on the y-axis.

2. a) Draw the next two shapes in this pattern

O QO QY

b) Complete the table

Number of circles 1 2 3 4 5

Number of dots 0 2

c) In your book, graph this pattern with “Number of Circles” on the x-axis.

3. a)

The drawing shows several flags
strung up along a line of lamp-posts.
There are exactly four flags between
each lamp-post.

b) Complete the table

Number of lamposts 1 2 3 4 5

Number of flags

c) Before you graph this think about what you will put on the x-axis and what you will put on the

y-axis. Now, graph this pattern in your book.

4. Make up a pattern and get your neighbour to complete a table and graph it.



Horizontal and Vertical Lines
Horizontal lines
Rule is y = number.

=2
Y y
A
2 y=2
= 2T F
_2

Horizontal lines have a gradient of 0.

1 Draw these lines.
a y=1 b
o y=-3 d

2 Write down the rule for each of these lines. C

Vertical lines

Rule is x = number.

x=23 y
A
4
x=3
2
-2 2 m*
2

Vertical lines are infinitely steep. We say their
gradient is undefined.

(%]

Say whether these statements are “true’ or

‘false’.

a  The graph of y = 2 is a vertical line.

b The graph of x = 6 is a horizontal line.

(2, 73) and (2, 4) lie on the line x = 2.

d  The graph of x = ~1 is parallel to the
y-axis.

e The graph of y = ~3 cuts the y-axis at
right-angles.

f  The graphs of x =4 and y = "5 are

parallel.
Draw the graph of y = 2.

b Draw the image that results when the
line y = 2 is reflected in the x-axis.
¢ What is the equation of the image line?

5  What happens to the graph of x = 1 when it
is reflected in the x-axis?

6 a Draw the graph of x = 4.
b Draw the image that results when the
line x = ~4 is rotated 90° clockwise
about (0, 0).
¢ What is the equation of the image line?



Parabola’s

A parabola is a mathematical curve. It can be given by a rule which links y and x2.
Rules that link i and x* are called quadratic relationships.

We can investigate what a parabola looks like by completing a table of values for the rule
y = 2% (Remember x* means x x x, so ("3)* = "3 = 3 =09, for example.)

a o= | Coontinses | Pting e ponts n he bl e

3 9 3,9) v
2 4 2, 4) I T 11T}
1 1 (1,1) 8
0 0 (0, 0) )
-1 1 1,1)
-2 4 (-2, 4) Ol I
-3 9 (-3,9) 2
3 £
=2 2] T

This kind of rule does not have a straight-line graph, so it is not as easy
to draw. However, a smooth curve does pass through all the points.

Eatt

rule for a parabola has x? in it, but no higher power of x. 6
parabola with a rule of x* always has a vertical axis of s

|
Practice
1 Copy and complete the tables of values b y=a-2
for the rules below. Then draw the -
parabolas. (Note: a blackline [y (Notery=x*-2 | Co-ordinates |
master for grids of these graphs -2 2 -2,2)
can be downloaded from the Beta 1
Mathematics Teachers” Guide.) 0
a y=x+1 1
%y (Notey=x'+1) Co-ordinates | 2
-2 5 (~2,5) o y=(x—1)
= [y (Notery= (17 Co-ordinates |
0
1 -2 ((2-1pP=(3p=09 (~2,9)
2 -1
0
1
2
3
4




(2]

In an office the typical number of instant ¢ Describe what happens to the number

messages sent within the office each day of instant messages as the number of
is related to the square of the number of workers increases. Is there a steady
workers. The instant messaging can be increase, or otherwise?

modelled by the rule y = 3.1:2, where x is the 3 A children’s play-centre has a sq
number of workers and y is the number of sand-pit. Each side of the sand-pit measures
messages. The graph shows what happens ’

. . . x metres. [t costs $8 per m? to fill the sand-
in an office with between 20 and 30 workers. pit. The rule for the total cost of sand (in

¥ dollars) is y = 8x%.
” 2000% a  Draw the graph of y = 8x* for values of
B x from O to 10.
% 26001~ o b How much does it cost to fill a square
E 2200f sand-pit with sides that each measure
H'E 1800 L 5 m? Add lines to the diagram in part
2 a to explain how you can work out the
E 1400 - answer from the graph.
Z 1000 |- ¢ The play-centre can only afford to spend
t} I T I $650 on sand. Use the graph to work
200 22 24 26 28 30 out the side length of the largest sand-
Number of workers pit that can be filled with that value of
sand.

a  An office has 28 workers. Use the
graph to estimate the number of instant
messages to the nearest 100.

b Draw a graph to show the relationship
in an office where there are six or fewer
workers.

Distance / Time Graphs

A distance—time graph always shows distance on the vertical axis and time on the horizontal axis.
* When the graph is horizontal, the distance is not changing. The person or object is not moving.
* The steeper the graph, the faster the movement.

Time

Practice
NZ Rail controllers know that there are four

trains somewhere on the line between Dunedin 220
and Invercargill one afternoon. The line has 200
passing places where needed. Two of the trains

are passenger trains, there is one goods train and 150
another has broken down. The graph shows the 100

distance from Dunedin railway station for each

AL B
train, A-D. sol. \
; A
Describe the journey for each of the four trains ! | b

A,B,CandD. 3 pm 4 pm 5pm 6 pm
Time (hours)

Distance from Dunedin (km)

10



Using Straight line rules
1 The Parks and Recreation Division of a City Council own a weed-eater. The table gives some
data for the amount of fuel, in litres, it uses.
T e 1 2 |5 8 a  How much fuel does the weed-eater

hours (x) use per hour?
b Use the table to plot four points on a

e grah i - and v i o o
points to make a line.

¢ Whatis the gradient of the line?
Write down the equation of the line.

e Use your graph to estimate how long
the weed-eater has been running if it
has used 4 litres of fuel.

2 Bulging Biceps Gym runs an aerobics class. This graph shows part ¥
of the relationship between the floor area needed and the number of
people in the class. The area in m* is graphed on the y-axis, and the
number of people on the x-axis.

a  How much area is needed for two people?

b What is the gradient of the line?

¢ What is the y-intercept?
Write down the rule that links y and x.

e The manager expresses the rule another way. Complete this
sentence "We need ___ m? for storing equipment, and each person

in the class needs ___ m? of floor area’. 2r
s Y
3 The manager of a clothing shop can predict quite accurately how the Numzbef D? people

number of scarves it sells is related to the temperature in °C.
The manager needs to express the prediction using a mathematical rule.
Here are some sales and temperature data.

a  Use the data in the table to plot three points on

°C (x) scarves sold () a graph with x- and y-axes. Join the three points
0 6 to make a line.
4 1 b What is the gradient of the line?
10 1 ¢ Write down the equation of the line.

d  Use your graph to predict the number of
scarves sold when the temperature is -2 °C.
e Atwhat temperature would no scarves be sold?

i Explain what you think would happen to the

graph for values of x greater than 12 °C. >

11



Answers

Patterns Graphing lines using la - R
e x=5 :
1a?78 b 16,18 Gradient and y- <y
e 3,36 f 74 1a2 b4 ¢ 3 g d
2 -1 2l
2 a 6,11,16,21,26 d3 ¢4 f1
b 12,14, 16,18, 20 g 1 < i = RS
c 40,3428 22 16 2 a 3 -1 c 2 |
d 100,93,86,79,72 d 5 e 1 f0 2 a x=5 b y=2
¢ x="2 dy=4
-] 4 h 0 i2 3 a False b False ¢ True
1 a3 b « d  True e True f False
x Kx
3a ¥ b ¥
' < 1 a
xx xx (T fp=2+1 2 y:BH& 4 ab < y="2
x j \=\2
I " [ N 2 &
.
C ee / 3
ee 0 ]
LN N N v v - y="2
¢ 4 T : -
L
d . ———}4?%; +1 5 The image is in the same place.
m [T 5 Py=2x-3 6 ab T c y=4
Ll [N}
=4
Cx=
e f = L
e 1
o H
: Parabolas
1 a Co-ordinates are (-2, 5),
. -
Co-ordinates 4T (12,0, 1. (LD nd 2.5). Il
. = O v
Picture should be — 7
. Fill
Millhouse from the N
y=x+1
Simpsons. 1 x
4 a ¥ b
T ]
Graphs of straight PRI e
. 1 b Co-ordinates are (-2, 2), (-1, - 1),
lines « } (0,2). (1, 1) and (2.2).
¥
a v
SITTT y=x2_2
774‘3!: x+4 \ / .
\
. 2
\
d ¥ ¢ Co-ordinates are (-2, 9), (71, 4),
| (0, 1), (1, 0), (2, 1), (3, 4) and (4, 9).
— 1+3Xx — 54+x — X5 — ¥
— 3-2X — 6-5x
\ fy:["—l}z
I
e v f v *
MRy y=5+d

Horizontal and
Vertical lines

12

2 a 2400
b
120
100 /
al /
&0
o
0
3 45 6

As the number of workers increases, the
number of instant messages increases faster
and faster.

b $200

Distance /Time
Graphs

9 (A) A passenger train leaving from Dunedin at3 pm and
arriving at Invercargill at 5:50 pm.
(B) A train that has broken down 80 km from Dunedin.
(C) Agoods train which has already left Dunedin and
arrives at Invercargill at about 6:10 pm.
(D) A passenger train leaving from Invercargill at 3 pm
and arriving at Dunedin at 5:50 pm.

Using Straight Line

Graphs
1 a 15litres
b
12
gn
He
H
T .
Time used (hours)

Jorisa y=3e

About 2% hours (actually 2 hours
40 minutes).

W0m* b 3

4 d y=3x+4

We need 4 m? for storing equipment,
and each person in the class needs
3 m?of floor area.

-

o

X}
A ow

o

Number of
scarves sold
]

3 [ 9 12

Temperature (°C)
b Tl c y= %x +6
d 7 e 12°C

f Itwould become horizontal, and
continue to the right along the x-axis.
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