2.0 Algebra

1 Patterns and Relatlonshlps

Patterns and Relationships.

.mathematical pattern is a relationship that follows

rule. Itis an important problem solving skill to be
ole to recognise a pattern, find specific terms of a
attern as well as identify the rule that generates the

attern., _—

/e can represent a pattern graphically, in a table or
v a rule or equation.

onsider the first of three T pattern designs, each of | -

hich are made up of a series of dots.

L

L I [ ]

[ ] *

* ] [ ]

Pattern 1 Pattern? DPattern 3

epresenting the pattern number and number
' dots used for each design in a table we get the
[lowing

Pattern Dots

epresenting the relationship between the pattern
imber and the number of dots graphically we get
e following

Dots A This point represents T
10 [ ‘ / pattern three, made up of
sl |
This point represents T
61 / pattern two, made up of
) i 5 dots.
4
20 This point represents T
pattern one, made up of
. 5 ldot

1 2 3
Pattern

To plot points on a Cartesian graph

we always go across first (x axis) and
then up or down (y axis). A good way
to remember this is that an aircraft
always goes along before it goes up.

, Points on a Cartesian graph are written
x, y).




Example

Plot the poi
Join the points with a straight line and then

the relationship that relates the x coordinate to the

y coordinate.

x y

3 | -5
2 | 4

1| -3
1 1
2 0
3

Achievement — Plot the points in

the y coordinate.

nts in the table on the axes provided.

10

describe

-8

Relationship: Subtract 2 from x to get the y value.

the tables on the axes provided. Join the points with a straight

line and then describe the relationship that relates the x coordinate to

1. A - 'yzﬂl
X 1Y 10 X y 10
32 8 A B 8
2 1 6 | 2 3 6
1] 0 \ 1|2 )
0 | 1 ) 0 4 0 .

2 . 1 2 .

2| 5 | & 6 4 2 2 2 4-6.8)( ENR . W-S‘—64—22 7 4 6 8:x
|3 : 4_ : 4 | 3 : 6 4
4 6
Y 8
3. 1)'21' 4. i
X y 10 R y ] 10
33 8 I A 3
- 2 -3 ol 2 = p
-1 1 4 -1 3 .

1 3 . 1 1 -
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3 7 4 3 4
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Achievement — Complete the table using the rule provided, then plot the points and join them with
a straight line.

10.




76

Algebra

11. Y4 12. V4
12 12
X y=6-x 10 X ¥ =X +1 . 10
‘3 8 _3 4 - gl
2 8 g 2 -?; - &l
-1 4 -1 al 3
0 | 0 o
1 1 r . 1 H - .
86 4 2 0] 2 X 86420 4 6.8 x
2 : g 2 Co 2l
Subtract each x Multiply each x 6
value from é. ol B value by -1 and then L
-8 add 1. 8
. ¥ 14, ¥4
13 12l— 12 -
x y= 2 10 X ¥="xX- 5 ‘10
3 N 3 ol
- ol- 2 sl
-1 Al -1 .
0 2 0 - ) ) 2 :
1 : . 1 : ‘ .,
’ .8 6 4 2 o 2 X 2 4 6 42 0 4. 6.8 x
-2 2| -
3 ) 3 4
For each x value -6 Multiply each x -6
y="2. value by -1 and then 8
s subtract 5. )
15. Yi 16. b7 Y
12 12
X y=3x+4 | i . 10 x y=5-2x R 10
3 g 3 8
2 6 2 6
-1 . _ al -1 4
0 N 0 N ‘
1 i . 1 ' N
” 3 6 4 2 0| 2 x 5 4 6 4 2 0 46 8'.’;
2 2]
8 . 4 3 "
Multiply each x 6 Multiply each x -6
value by -3 and then value by 2 and then gl
add 4. Bl subtract it from 5. )
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Find the answer to the riddle at the bottom of the page by identifying which letter
corresponds to the applicable coordinate. For example the coordinate (3, 4) corresponds to
the letter 7. ¢
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Why did the scarecrow win the Nobel Prize?
an 6y 0 G G0 oo 0B 6% BB 6h @9 6o
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L Achievement — Answer the following questions.

1
. 415 |2
3
Pattern 1 Pattern 2

a) Draw the next ‘flower’ pattern in the space
provided below.

b) Complete the table below for the pattern
number and the number of shapes required to
create each pattern.

Pattern No. of
shapes
1 5
2 8
3
4
5
6

¢} TFrom the table above and using the axes below
plot the relationship between the pattern number
and the number of shapes used.

No. of shapes

18}
16
14
12 B

10

1 2 3 4 5 &6 >
Pattern
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d) Which of the following rules describes the
relatjonship between the pattern number and
the number of shapes used.

A Add 4 fo the pattern number.

B Multiply the pattern number by 2 and add 3.
C  Muliiply the pattern number by 3 and add 2,
D Multiply the pattern number by 4 and add 1.

Rule:

e} How many shapes would be required for
pattern number 10? Use your rule from part d).

f} Redraw your graph from part c) on the axes
below, but this time join the points with a
straight line and extend the line as far as
possible.

No, of shapes
pre |
44
40
36
32
28
24
20
16
12

8

4

L
Jn-

1 2 3 4 5 6 7 8 9 10111213 14 15
Pattern

g) How many shapes would be required for
pattern number 12? Use your graph from
above.

h) What pattern number is made up of 47 shapes?
Use your graph from f).




Algebra 79

18. Study the pattern of ‘S’s drawn below., d) - Which of the following rules describes the
_ relationship between the pattern number and
__::, || | 1] the number of squares used.

T A - Add 7 to the patiern number.
B 7 Multiply the pattern number by 3 and add 5.

[ 1] L] L[] C Multiply the pattern number by 5 and add 3.
. D Multiply the pattern number by 6 and add 2.
Pattern 1 Pattern 2 Pattern 3
Rule:

a) Draw the next ‘S’ pattern in the space

ded bel e) How many squares would be required for
provided below.

‘S’ pattern number 10? Use your rule from part
d) above.

e) How many squares would be required for
‘S’ pattern number 100? Use your rule from part

d).
b} Complete the table below for the pattern
number and the number of squares required to h
create each ‘S’ pattern. e e
Pattern No.of |, f) Tnyour graph in part c) join the points with a
squares straight line and extend the line as far as

8 possible.
1 g) What pattern number is made up of 29 squares?
14 Use your graph from part c).

1
2
3
4
5
6

h) What pattern number is made up of 44 squares?

c) From the table above and using the axes below Use your graph from part c).

plot the relationship between the pattern number

and the number of squares required.
No, of squares T R

T i) Copy your table values from part b) and

48
_ then complete the differenges column.
] Note: The difference column is made up
sl of the difference between successive terms.
. The first one is done for you (i.e. 11 - 8).
36 |-
. Pattern No. of Differences |
32| squares
3| 8 s
4} 1 14-11
14

0/ -

16 |--

12|

¢ <N NS T NG 2T FACY U

g

i) What do you notice about the differences
column?

A N O S N S O A R R
1 23 456 7 8 9 1011 12 13 14 15
Pattern e e e e e e e
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80

19. Study the pattern of blocks drawn below.

a)

b)

Pattern 1 Pattern 2 Pattern 3

Draw the next block pattern in the space
provided below.

Complete the table below for the pattern
number and the number of blocks required to
create each pattern.

Pattern No. of
blocks
1 6
2 8
3
4
5
6

Using the axes below plot the points for the
relationship between the pattern number and
the number of blocks used. Join the points
with a straight line and extend the line as far as
possible.

No, of blocks
A
36
32
28
24|
20 7
16| - -
12

8

4

1 2 3 4 5 6 7 8 9 10 11 1213 14 15°
PFPattern

d) How many blocks would pattern
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number 9 have? Use your graph from part c).

e)

Algebra

How many blocks would pattern
number 15 have? Use your graph from part c).

Which of the following rules describes the
relationship between the pattern number and
the number of blocks used.

A Add 5 to the patiern number.

B Multiply the pattern number by b and add 1.
C  Multiply the pattern number by 4 and add 2.
D  Multiply the pattern number by 2 and add 4.

Rule:

g

h)

)

'8,

What pattern number is made up of 30 blocks?
Use your graph from c).

Copy your table values from part b) and
then complete the differences column.
Note: The difference column is made up

of the difference between successive terms,
The first one is done for you (i.e. 8 - 6).

Pattern No. of
blocks

6
8

Differences

2 - 8-6

= S NS B CL R o

What do you notice about the differences

column? .

What do you notice about the
column of differences and the rule you chose for
describing the relationship in part £)?

How do you think the column of differences
can help you find the rule that describes the
relationship between the pattern number and
the number of blocks used?




Algebra 81

! Table of Differences

' If we are given a pattern or sequence of numbers :
in table form, we can identify whether the pattern. - . .../
or relationship is linear by looking at the table of

. differences. If the differences are constant (i.e. the

‘ same) then we know that the rule that describes the
sequence must be linear.

A linear relationship is one that when ploited on a
graph gives a straight line.

Consider the table below. The sequence is listed
in the first column and the difference between

" successive terms is calculated in the second column,
called the difference column. These differences are
called the first differences.

Complete the difference column for the sequence
6, 11, 16, 21, 26, 31, 36 given below and then find the

Sequence | Differences rule that describes the sequence.
4 o~ 7—4=3 ! Term Sequence | Differences |.
| ‘ 1 6 |
7 5w 10-7=3
10 ' 2 1
13 S e 13-10=3 3 16
3 I
16 N 16-13=3 4 21
St E— : ” |
Since the first differences are the same {(constant) the 6 Y T —
. rule that generates the sequence must be linear, 7 36 '

- To find or describe the rule that generates the
sequence we can use the constant difference as our
starting point. Study the example on the right.

When we complete the difference column
- "_3 we get the constant value, 5.

Term Sequence Differences |
- :
5
2 11 5
3 16 5
4 21 5
5 26 £
6 31 5
7 36

Because the constant difference is 5, it means cur
rule involves multiplying each term number by 5.

To find out the amount we have to add or subtract
after multiplying by 5, to get the correct sequence
value, we try one or two terms.

For term 1, 5 x 1 = 5, but we require 6 s0 we need
toadd 1.

For term 2, 5 x 2 =10, but we require 11 50 we need
to add 1.

So the rule that describes or generates this
sequence is ‘multiply the tertm number by 5 and add 1
orS=5xT+ 1, where T is the term number and 5
the sequence.
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Algebra

=8 Achievement — Fill in the difference table for each of the following sequences then find the
‘ rule that generates the sequence. ‘

20, 2,6,10, 14,18, 22, 26
Term Sequence Differences
1 2
2 6 2
3 10
4 14
5 18
6 22
7 26
22, 1,4,7,10,13, 16,19
Term Sequence Differences
1 1
2 4 &
3
- 4 g
5
6
7
24. 3,9, 15,21,27, 33,39
Term Sequence Differences
2
3
4
5 | 0 e
6
7
26. 10,7, 4,1,2,58
Term Sequence Differences
2
3
4
5
6
7

21. 3,8, 1?, 18, 23, 28, 33

Term Sequence Differences
3
2 8 >
3 13
4 18
5 23
6 28
"7 33
23. 7,6,5,4,3,2,1
Term Sequence Differences
1 7
2 6 E
3
4
5
6
7
25. 76,710, 14, 18,22,-26,730
Term Sequence Differences
1
2
3
4 #
5
6
7
27. 105, 15,195, 24,285, 33, 37.5
Term Sequence Differences
1
2
3
4
5
6
7
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Algebra

28. Study the tiling pattern drawn below.

Pattern 1

Pattern 2 Pattern 3

a) Draw the next tiling pattern in the space
provided below.

b) Complete the table below for the number of
tiles in each pattern as well as the column of

differences.
Pattern Number of | Differences
tiles
1 4
3
2 7
3
4
5
6

¢) With reference to the table above confirm that
the sequence of tiles is a linear relationship.
Justify why?

d) Inwords describe the rule that generates the
number of tiles given the pattern number.

e) Find the rule that generates the number of tiles

(T) in terms of the pattern number (N).

f)  Using the axes below draw the graph for the
relationship between the pattern number and
the number of tiles used.

. No. of tiles (T)
204

16
14
12

10

12 3 4 5 6
Pattern {N)

g) Using your rule from part d) or otherwise find
the number of tiles in pattern number 10.

h) Using your rule from part d) or otherwise find
the number of tiles in pattern number 50.

i) If 46 tiles are used in a pattern, what pattern
number must it be? #

jy 176 tiles are used in a pattern, what pattern
number must it be?

83
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84 Algebra

29. Study the tiling patterns drawn below. f} Using the axes below draw the graph for the
relationship between the pattern number and
| | | the number of tiles used.
I R - | | || . No. of tiles (T)
vy S
| | ’
Pattern 1 Pattern 2 Pattern 3 - L N
. 16{. .- ..
a) Draw the next tiling pattern in the space 14
provided below.
12
10
J
6] -
4
21
b} Complete the table below for the number of : - —y
o tiles in each pattern as well as the column of tas Patiorn (GN)
i differences.
!
Pattern Number of | Differences g) Using your rule from part d) or otherwise find
files ' the number of tiles in pattern number 10.
| 1 10
; 2
2 12
3
4
5 . s
| h) Using your rule from part d} or otherwise find
| 6 - the number of tiles in pattern number 50,

¢)  With reference to the table above confirm that
the sequence of tiles is a linear relationship,
Justify why?

- o i) If30tiles are used in a pattern, what pattern

number must it be? &

d) Inwords describe the rule that generates the
number of tiles given the pattern number.

j}  If 78 tiles are used in a pattern, what pattern
number must it be?

e) Find the rule that generates the number of tiles
(T) in terms of the pattern number (N).
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