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Sequences

Coming up...
» Using function machines

b Understanding arithmetic sequences
b Sequencesin diagrams

 Patterns )

The diagram below shows three shapes in a pattern made using matchsticks.

N AN AN
/| N /L | N
N | /] N
N/ N /|
N |/
/|

Without drawing the shape, work out how many matchsticks will be needed to make the next shape in the pattern.
Draw the next shape to see whether you were correct or not.

The number of matchsticks in each shape in this pattern forms an arithmetic sequence, which you will learn about

in Section 1.1.
\. J
11 Function machines
\

(1) Complete each of the calculations below.

a 16+27 b 96-39 c 18X6
(2) Find the unknown values in each of the calculations below.

a 18+[ ]=39 b []-13=58 c [ ]x9=63 )

» Function machines

Afunction machine applies a rule to any numbers which are input into the machine.
Input Output

The output of the function machine is determined by what operation the machine performs. This is called its rule.

This function machine multiplies the input number by 3.
Input

Output

e —
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Curriculum for Wales Mastering Mathematics: Book 2

Worked example b

Output

Input

a Whatis the output of the function machine when the input number is 7?

b Whatis the output of the function machine when the input numberis 31?
¢ Whatis the input for the function machine when the output numberis 16?

Solution To work ovut the input number when you know the
a ?7+5=12 output, just apply the opposite operation of the rule.
The opposite operation of addition is subtraction.
b 31+5=36
=+ =
+ 5 becomes - 5.
16-5=11

¢ Y,

Worked example R

Input

a Whatis the output of the function machine when the input numberis 12?

b Whatis the output of the function machine when the input numberis 0.7?

0
o
=}
[a]
o
-]
&
c
o
-
c
3
a
[0}
=
7]
o+
Q
3
e
=}
']

¢ Whatis the input for the function machine when the output number is 54?

Solution , :
The opposite operation of
a 12X6=72 multiplication is division.
b 07X6=42 x 6 becomes + 6.
c 54+6=9
J

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000,
.

l :

Activity

(1) Owain thinks of a number.
He adds 17 to his number and gets an answer of 25.
What number did Owain first think of?

(2 Elinthinks of a number.
She multiplies her number by 5 and gets an answer of 60.
What number did Elin first think of?

(3 Tomos thinks of a number.
He divides his number by 4 and gets an answer of 6.
What number did Tomos first think of ?

. .
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1 Sequences

11 Now try these

Band 1 questions

@ Work out the output for each of these function machines.
a Input

Output

Kouany4

Lo

T
NI
J L]

Vb
Vol

Work out the input for each of these function machines.

a Input Output

o

0
-~
=
]
-
(1]
a8
(2]
(2]
o
3
T
(0]
-
o
=]
(2]
o

(0]

1
R
Vol
1
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Band 2 questions

©® Work out the output for each of these function machines.

a Output

Kouany4

Input

l
l

l

l

Vol
Vol

l
l

«Q

Inn

l

l
l

l
l

l
l

Work out the input for each of these function machines.

£
% a Input Output
Q
o  — —_—
o
3
o b
o e —>
o
Cc
e —>
d
—_— e
e
e —>
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1 Sequences

Band 3 questions

@ Work out the output for each of these function machines.

Aouany4

a Input Output
b

e e
(o

e e
d

e e
e

e e
f

e e

@O Work out the input for each of these function machines.

Input Output

a

o

(2]

9ouaradwod oibajens

o

Vbbb

ou
1111

@ Work out the rule for each of these function machines.

o
‘%- a Input Output
il
o e e
3 -
S
b
_: - _:
- -
(o
- ’ - ’ -
- -
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-
(]
=
(2]
=
=
(]
[}
(7]
o
=
3
(]

@ Dewiinput 3into a function machine and got an output of 12.
Angharad input 1.5 into the same function machine and got an output of 6.
What is the rule of the function machine?
© Aledinput 3into a function machine.
He got an output number which was five times as big as the input number.
What are the two possible rules of the function machine?
() Bethaninput 6 into a function machine and the output was a single-digit square number.
Catrin input 11 into the function machine and the output was also a single-digit square number.
What s the rule of the function machine?

1.2 Arithmetic sequences

N
(1) Continue these sequences for three more terms.

a 3,6912,.. b 45,50,55,60,.. c 13,23,33,43, .. d 11,22,33,44, ..
(2) Substituten=1,n=_2andn = 3 into these expressions.

a 3n b n+4 c Sn—1 d 100n—2 )

» Arithmetic sequences

Look at this sequence of numbers:
3,6,9,12, ...
This sequence is based on the three times table.
The Isttermis 3 X 1=3.
The 4thtermis 3 x4 =12. rule' for the sequence. It is also
The 10thtermis 3 x 10 =30. sometimes called the 7n1th term of
. the sequence.
The nthtermis 3 Xn =3n.

37 is called the 'position-to-term

0
o
3
3
£
=
o
o
=5
o
3
c
&,
5
[}
%]
<
3
o
<
"]

You can use the position-to-term rule to find any term of the sequence.
For example, to find the 20th term:

3 X 20=60.
A'sequence in which you add or subtract a fixed amount to move from one term to the next is called an arithmetic
sequence.

In this arithmetic sequence, the term-to-term rule is ‘add 3.

©&Copyright: Sample material



1 Sequences

0
o
3
3
[=
=
0
Q
&=
5
=
c
@,
=
@
<
3
o
e
o

Worked example

Look at this sequence:

4,7,10,13, ...
a Whatis the term-to-term rule?
b Find the position-to-term rule for the sequence.
¢ Whatis the 50th term of the sequence?
d Which term of the sequence is 100?
e Whattype of sequence is this?
Solution
a The term-to-term rule is ‘add 3.
b Eachtermis 1 more than the three times table, so the position-to-term
ruleis 3n+ 1.
The sequence goes up in 3s, so is based on the three times table.
Look at this comparison with the previous example.
3n 3 6 9 12
+1 +1 +1 +1 +1
3n+ 1 4 ’ 10 13
You can check this position-to-term rule works. Use n =1, 2, 3 and
4inthe rule.
n 1 2 3 4
3n+1 3X1+1=4 | 3X2+1=7 [3X3+1=10|3%x4+1=13
The table shows that the position-to-term rule gives the first four terms of
the sequence.
¢ You can find the 50th term using the rule.
nthterm=3n+1
50thterm=3x50+1
=151
d To find which term of the sequence is 100, use the rule again.
Solve the equation to find 7.
nthterm=3n+1
100=3n+1
100-1=3n
3n=99
n=33
The 33rd term of the sequence is 100.
e Tomove from one term to the next, you add 3. This is an arithmetic
\  Sequence.

Remember

¢ The difference tells you which times
¢ table the sequence is based on. For
: example, if there is a difference of

: 3 between each term, then 37 will

: appear in the position-to-term rule.
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Worked example

a Find the position-to-term rules for these sequences:

a i
i

b What type of sequence are these?

Solution

b Inboth sequences you subtract 2 to move from one term to the next.
\_ They are both arithmetic sequences. )

—2,—4,—6,—8, ...
=i, =3, =5,=7, o-

This is the —2 times table, so the position-to-term rule is —2n.

Each term is one more than the terms in the —2 times table. [
.. . Another way t
The position-to-term ruleis —2n+1. ¢ emer warte )

kwri're this is 1 — 2n.

-Qoott..QQO....0000......Qo......QQO.....QQO.....t.oo.....QQO.....QQO.....t.o......Qoo.....QQO.....QQ0.0.
.
Activit

Read this newspaper report about Steel City.
Somebody has spilt coffee on the page and some of the numbers are unreadable.

STEEL CITY BOOM TOWN!
It’'s a new year and the residents of Steel City are waking up this morning to the sound of yet more
construction work.
Work has begun on the huge SC Tower, which will become the tallest building so far in Steel City.

We have contacted the city planners. They say that there are currently 14 skyscrapers in Steel City and

there will be 44 skyscrapers in the city in five years’ time.
They have given permission for - new skyscrapers EVERY YEAR!
| \
If the city’s plans become a reality, by the end of this year there will be *‘ skyscrapers.

|
If construction work in Steel City continues at this rate, there will be 62 skyscrapers

in *‘ years’ time.
| N\,
In ten years’ time the city will have ’*‘ new skyscrapers!
[}

Can the residents of Steel City put up with this much noise? Does Steel City have enough sandwich
shops to feed all of these hungry office workers? Let us know what you think.

a
b

0000 00000000000000000000000000000000000000000000000000000000000000000000000

Can you replace the coffee marks with the correct numbers?

What s the term-to-term rule for the sequence of the number of skyscrapers?

©00000000000000000000000000000000000000000000000000000000000000000000000000000°

. .
© 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o°

1.2 Now try these

Band 1 questions

(1 J
a

0

e

nd the next three terms in these arithmetic sequences.

2,3,4,5, ... b 0,4812,..
—4,-2,0,2,.. d -5,-8—11,—14,.
4,0,—4,-8,—12, .. f 0,—2,—4,-6,..

—-0.1,-3.1, -



1 Sequences

@ Find the missing numbers in the arithmetic sequences below.

2 a 2468[]12.. b 5913[]21,. ¢ -3,-6[]—12 —15,..
= d 21,255][ }345,39,.. e 0,-2,-4,[]-8,. f —15-3,—-45[ | —-75,.
g 30,27.525[ ]20,[ }.. h 8] ]24[ ]40,.. i 6] ]18[ ]30,..

i [ —15[1] —25-30,..

@ Find the nth term of these sequences.

In each case the ruleis[_|n.

a 2,46,8,10,.. b 4,8,12,16,.. c 5,10,15,20,..
d 1,2,34,5,. e 100,200,300, 400, 500, ... f 10,20,30,40,50,...
g 8,16,24,32, ..

@ Find the nth term of these sequences.

In each case the ruleis[ Jn+ 1.

a 6,11,16,21,26,.. b 11,21,31,41,51,.. c 101,201,301,401, 501, ... d 5/91317,..
@ Find the nth term of these sequences.

Ineach case the ruleis[_|n — 1.

a 99,199,299, 399,.. b 9,19,2939,49, .. c  4,9,14,19,24, ..
d 7,15,23,31,.. e 3,7,11,15,..
Copy this spiral pattern onto isometric paper. \/

Start with the red dot near the centre of the page.
a Countthe number of dots on each line that you draw.
Write them as a sequence: 2, 3, ...

-
(°]
ja
0
=
=
(0]
[}
(7]
o
=
3
«Q

b Predict how many dots will be on the next line that you draw.

Check by drawing and counting. \/\/‘\/’\/‘\/\/’\

¢ Describe the pattern in the number of dots.

Find the first five terms of these sequences, given their position-to-term rules. Use the tables to help you.
a The sequence with position-to-term rule n + 4.
n 1 2 3 4 5
n+éd 1+4=5 2+4=_

b  The sequence with position-to-term rule n — 5.
1 2 3 4 5
1-5=-4 2-5=_

¢ Thesequence with position-to-term rule 2n.

n 1 2 3 4 5
2n 2X1=5 2X2=_

d The sequence with position-to-term rule —3n.
n 1 2 3 4 5
—3X1=_

|
w
S

e Thesequence with position-to-term rule 2n + 3.

n 1 2 3 4 5
2n+3 2X1+3=5 2X2+3=_

Copyright: Sample material®
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f  The sequence with position-to-term rule 2n — 4.
n 1 2 3 4 5

2n—-4

@ Ahmed has £16 in his money box at the start of the year.
He gets £5 pocket money each week and puts it into his money box without spending any of it. G
a Beginning with £16, write down the amount of money in Ahmed’s money box as a sequence for 5 weeks.

b  Whatis the term-to-term rule for this sequence?

Bujuoseau |ed1607

¢ Whatis the position-to-term rule?

Sioén is making patterns from matchsticks.

AVAVAYAVAYA

Pattern 1 Pattern 2 Pattern 3
a Copyand complete this table for the number of matchsticks used in each pattern.
Include the number of matchsticks Sion would use if he continued to Pattern 4.
Pattern number, n 1 2 3 4
Number of matchsticks 3
b  Ifthe pattern is continued, which pattern will use 23 matchsticks? s

¢ Find the term-to-term rule for this sequence.

You add four matchsticks to move from
one pattern to the next. This means
that 4n will be in your position-to-term
rule.

—

d  Find the position-to-term rule for the number of matchsticks.

Band 2 questions

(@ Findthe nth term of these sequences.
a 4,8,12,16,.. ¢

{This is the four times table. )

b 591317, -4 ( These numbers are all one more than the numbers in the four times table. )
c 3,7,11,15,..

d 6,10, 14, 18’.‘._\( These numbers are dll one less than the numbers in the four times table. )
e 913,17,21,..

@ Find the nth term of these sequences.

a 246810, .. {This is the two times table. )

b 4,6,8,10,12,..¢ ( These numbers are all two more than the numbers in the two times table. )
c 1,3579,..

@ Find the nth term of these sequences.
a 3,6,912,15,.. b 6,9 12,15, 18,.. c —2,1,4,7,10,..

® Find the nth term of these sequences.
a 3,4,56,7,.. b -—-1371115. ¢ -—-1,-2,-3,—-4,-5. d -—3,—-6,—9,—12,—15,..

©@Copyright: Sample material



1 Sequences

@ The Olympic Games take place every four years. The first modern Olympic Games took place in 1896.

7
(=g

E; e A . . e

S Aposition-to-term rule to find the year of the nth Olympic Games is: [ some Olympic Games did not N\
%‘ 4n+ 1892 actually take place. For example,

a . . the 13th Olympic G in 1944

< The table shows you how to use the position-to-term rule to find the year © ympie Bames as

_g ? cancelled because of the Second

o of the 2nd Qlympic Games. World War, but the 1948 Games was

g a Copyandcomplete the table to find the years of the 3rd, 5th and still called the 14th Games. The 2020
[} 10th Olgmpic Games. Games were postponed until 2021

\because of the Covid-19 pandemic. J

n 2 3 5 10
W 4 X 2+1892=1900 4 X 3+1892=

b Usetherule to find what number Olympic Games took place in London in 2012.
Christophe is making patterns of houses from matchsticks.

JAVAVAWAVAVA

———— p— —_———e——y) =y
Pattern 1 Pattern 2 Pattern 3

-
o
=
(2]
=2
=
o
1]
7]
o
=
3
(]

a Copyandcomplete this table for the number of matchsticks used in each pattern.
Include the number of matchsticks Christophe would use if he continued to Pattern 4.

Pattern number, n 1 2 3 4
Number of matchsticks 6
b Ifthe patternis continued, which pattern will use:

i 26 matchsticks ii 201 matchsticks?
¢ Whatis the term-to-term rule for this sequence?

@ Lookat the patterns made up from square tiles. _
Each patternis in the shape of a cross.

Each tile measures 1 cm by 1 cm. The area of one tile is 1 cm2.

The total area of Pattern 1is 5 cm?2.

The total area of Pattern 2 is 9 cm?2.

a Ifthe patternis continued, what will be the area of Pattern 4? _—
b Which pattern will have an area of 101 cm?2? Pattern 1 Pattern 2
The perimeter of Pattern 1is 12 cm.

The perimeter of Pattern 2 is 20 cm.

c Ifthe patternis continued, what will be the perimeter of Pattern 4?

d  Which pattern will have a perimeter of 100 cm?

@ Pedris making patterns with square tiles. Some of the tiles are green, some are shaded.

In Pattern 1, there is one green tile and there are eight shaded tiles.
In Pattern 2, there are two green tiles and ten shaded tiles.

In Pattern 3, there are three green tiles and twelve shaded tiles.

a Howmany green tiles will there be in Pattern 67
. . . Pattern 1 Pattern 2 Pattern 3

b Howmany shaded tiles will there be in Pattern 6?

¢ How many tiles will there be in Pattern 6 in total?

d

If Pedr continued these patterns, which pattern would contain 80 shaded tiles?
How many green tiles wouli this pattern have'f‘
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