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Think together 2

e Lexi is investigating this function machine.

Amelia and Bella collect snow globes. Bella has 3 times as many snow |
globes as Amelia, plus 2 more.

a) Complete the rule.

If Amelia has x, then Bella has . ..

Amelia: D
Bella: [ | | | 2 ]

b) How many snow globes does Bella have if Amelia has 29?7

What could the two functions be?

If Amelia has 29 snow globes. then Bella has _ Complete the table for different inputs, based on your functions.

Input | 2 3 10 X

e Reena inputs 4 into this function machine. First it adds 10, then the result
is halved. Output 4

I wonder if there are I will try the operations
different functions in a different order.
that will work. .

Complete the table.
Input 4 |10 [ 40 | 41 | x
Output 7
Write the rule for the output for x.
«O0O 00 §

—

q8
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I will code the rule to
calculate the points
for n stars collected.

On Level |, we can give 5 points
for each star collected. Let’s
use a table to show the points.

Points for
Level |

0 a) Complete the table.

Write the rule for n stars. [

How many points will you have 2

for Level I if the value of n is 13? 3

b) What happens to the score if the 4
value of n increases by 10 to 23?

n

100

b)

When 5 x n is written as 5n,
it is called an expression.

When a specific value is given

for n, you substitute the
value for n into the rule. So

Number of‘ ::‘i’r;tlslfor
| 5x1=5
2 5x2=10
3 5x3=15
4 5x4=20
n 5n

here you substitute 13 for n.

If the value of n is 13, that means 13 stars have been collected.

The rule is 5n which means 5 x n orn x 5.

Whenn=13,5n=5x I3.
5x 13 =65

If the value of n is 13, you will have 65 points.

Now n =23.
Method |

Work out 5 x 23.
5x20=100
5x3=15

If n = 23, you will have
115 points.

+5 +5 +5 +5

+5

Method 2

If n increases by 10, that means 10
more stars have been collected. So the
number of points will increase by 10 x 5.

If n = 23, the score will be
65 + 50 = 115 points. fb@

+5 +5 +5 +5 +5

65 70 75 80 85

a0 Qa5 105 110 115

101
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Think together e a) Complete the table. What patterns do you notice?

0 a) On Level 2, each lightning bolt Number of Points for el Py
gives I5 points. Write the rule lightning bolts | Level 2 "
for m lightning bolts collected. collected Substitute x = |

| Substitute x = I5

b) Substitute m =9, m =10,
and m = Il into the rule.

When m = 9, points = ! .
When m =10, points = .

Substitute x = 101

Substitute x = 1,213

I|w|nN

When m = I, points = . ' 2x + | makes a lot of odd
numbers for the values I
substituted. I wonder if

I think I can explain by
thinking about the 2x

that always happens. port of theine.

a To reach Level 3, you need 100 points.

a) In Level 3, if you hit a spike, you lose 3 points. What is the rule for the
score after hitting k spikes?

Spikes hit | Points remaining r I need to start with 100

| points. Then each spike
hit takes away some

points from the score.
g {_/
N

b) Substitute k = 10, k = 20, and k = 30 into the rule. b) Substitute different values of x into the rules 10x + | and 10x - I.
What do you notice?

~|lw|nN

c) What happens when you substitute 33 and 34
into the rule?

103
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Using a rule ©

Discover

a)

If this tap leaks for
I hour, you will lose
20 ml of water.

b)

o a) How much water will this tap lose in one day?

b) There is 50 ml water in the jug. The tap drips for n more hours. Write a
rule for how much water there will be in the jug after n more hours.

104

If t is the number of hours, the rule is 20t.

Number of hours

I do not need the

Water lost (ml)

whole table.

| 20 x 1=20
Ican substltt{te the 2 20 x 2 = 40
value I need into
the expression 20t. 3 20 x 3 =60
4 20 x 4 =80

There are 24 hours in a day,
so t =24.

20t = 20 x 24 = 480 ml

The tap will lose 480 ml of water in one day.

. - Ido not think that is
I think this is 50 + 20 for quite right. T will draw a

every hour. So that is 70n. diagram to show this.

e

Water in the

Number of hours P
measuring jug (ml)

50+20x1=70

2 50 +20 x 2 = 90
3 50 +20 x 3 = 110 ﬂ 20n
4 50 +20 x 4 =130 Totalin jug

The rule is 50 + 20n.

105
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Think together

0 A water barrel has 150 litres of water. It loses 2 litres per day. How much is
left after a week? How about after x days?

Twill say x is the e e i !.it::s t:)f wu:er left I think each . will have
number of days. in the barre an expression involving m.
The expression ! (
must be something 2 m
like 150 - (_Jx.

3 O 30

7

x

I wonder if they all use
a An hourglass contains 720 grams of sand. 20 grams of sand trickles the same operation.

per minute. -

a) Complete the expression to show the amount of sand left after

y minutes. 720 g m 12
20 Q) f ! ) )
[ ? I Sand trickled down ]
b) Use a table to show how many grams of sand are left. Ji@
Time taken Your calculation | Sand leftin the b) Substitute m = 48 into each expression.

hourglass (grams)

- Now try substituting m = 24 into each expression. What happens?
10 minutes

20 minutes

0-5 hours

106 107
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Unit 9: Algebra

Lesson I: Finding a rule (1)

-» pag 4-66

1. a)

Number of

| 2 3 H 0 100 1500
cakes

Numberof | 1x3 | 2x3 | 3x3 [ 5x3 | 10x3 [100x3 15003
stars =3 | =6 | =9 | =15 | =30 |=300| 4500

b) For n fairy cakes, you need n x 3 stars.

2.
Number | o 6 2 |20 [0 | b
of cakes
Number | 55 | 30 | 60 | 100 | 505 |bx5
of stars

Children should draw a picture of fairy cake with 5
stars on it.

3. Patterns matched to rules:
Top pattern =» nx 4
2nd pattern =» double n
3rd pattern =»3 x n
Bottom pattern =»n x5

4.

Minutes Zac has
been painting
Minutes Kate has
been painting

45 | 50 | 90 [ 120 | x

15 | 20 | 60 | 90 [x-30

If Zac has been painting for x minutes, Kate has been
painting for x - 30 minutes.
If Kate has been painting for y minutes, Zac has been
painting for y + 30 minutes.
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5.a) bx8

xx3
mx7
kx52
b) The number of days in d years is 365 x d.
6. 3 2 | 155 x
5 7 16 | 195 | x+4
Either:

Rule to get from upper number to lower number is
add 4.
Rule to get from lower number to upper number is
subtract 4.

| 2 4 8 | 2xy:5
25 5 10 20 y

Either:

Rule to get from upper number to lower number is
halve and multiply by 5.

Rule to get from lower number to upper number is
double and divide by 5.

Same: both rules involve the digit 5.

Different: the first rule involves multiplying a by 5 and
the second rule involves adding 5 to a.
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1)

Input
7
20
4.2
13
900
:
2)
Output
102 -
43 72
Output
255 3.5
1e.s 205
3)
Input
9.5
99.25
-1

Function

x 6

Output

42

120

252

78

5400

Output

85 2.5

Output

n

x6
" 5
8 12
+8.5
-6
Function
+175

Output

11.25

101

0.75
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Lesson 2: Finding a rule (2)

-» pages 67-69

1.3)
Week 1 2 |3 [ s w0 |
Totalsavings | 28 | 31 | 34 | 40 | 55 | 58

b) After y weeks, Olivia has saved 25 + 3 x y pounds.

2. Number line showing jumps of £4 backwards from
£50.

Week | 2 3 5 10 n

Money left | 46 | 42 | 38 | 30 10 |50-4n

After n weeks, he has 50 - 4 x n pounds left.

3.

Namberot | | 1 5 | 3 | o | s |0 |00
triangles

Number of

sticksused | 3 | S | 7 | 9| 2|20

To make 1 triangle, 3 sticks are used.

To make 2 triangles, 5 sticks are used.

To make 3 triangles, 7 sticks are used.

To make n triangle, 1 + 2 x n sticks are used.

4. For g houses, you need 5 + 5 x g sticks.
(Accept or equivalent expression; for example:
(g+1)x5)
5. @) For n squares, you need 2n + 2 circles.
n=100, so 2n = 200
2n+2=202circles
b) Answers will vary; for example:
Two circles drawn in each square: For n squares,
you need 2n circles.

Answers will vary; for example:

Emma puts £100 in a bank account and takes £3 out
every week to pay for a trip to the swimming pool.
After y weeks how much money is left in the account?
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1)

2)

a) George is incorrect. For example, if we inputted 2, then the output would be 1S, which is not a prime
number.

b) Jia is incorrect. If the input were -14, then the output would be -).

c) Alice is correct. If we add 13 to any positive even number, then we are adding an odd and an even number together,
which will always result in an odd number.

a) Multiply the input by itself/square the input.
b) Yes, as 169 is a square number. 13 = 169.
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Lesson 3: Using a rule (1)

-» pages 70-72

1. a) If Richard has x guinea pigs, Luis has x + 2 guinea
pigs.
b) Bar model with six sections labelled x, 2, x, 2, x, 2
(can be in any order).
) Ambika has 15 guinea pigs.

d) Number of guinea pigs
Richard | 2 5 10 20
Luis 3 4 7 12 22
Ambika q 12 2| 36 66
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2.3 (mput ] 2 3 s | 1o

Output 5 10 15 | 25 | so

If the input is g, the output is 5 x a (which can be
written as 5a).

Input | 2 3 5 10

Output 7 2 7 | 27 | s2

If the input is b, the output is 5b + 2.
) Outputs will vary as children choose own inputs, for

example:
Input ] 2 3 s | w0
Output 15 | 20 | 25 | 35 | 60

If the input is ¢, the output is 5(2 + ¢) or 10 + 5¢.
d) Outputs will vary as children choose own inputs;

for example:
Input ] 2 3 s | 10
Output 0 | 20 | 30 | s0 | 100

If the input is d, the output is 10d.

3.

Input ' [ 2 [ s [wo [ooo] @
?'I‘;P“‘ for | 4 | 8| s | a0 |a%w0
Outputfor | o | o | -

pesin 9 | & | s | % |90

Yes, Max is correct sincea+5-15=a-10.

4. a) and b) There are many possible pairs of operations;
for example:
+10x5;x10x 10; x 2 + 80
Children should complete the table according to their
functions; for example:

+10x 5 gives:
Input 0 | 20 | 30 | 40 x

50c +10) or
Output 100 | 150 | 200 | 250 | >%* [0

No, Emma is not correct.

When x =100: 3x + 2 =300 + 2 =302

When x=10:3x+2=30+2=32

32 x 10 = 320 which is not 302, Emma’s suggestion does
not work.

Reasons will vary; for example: Using the rule on x = 10
gives (3 x 10) + 2. When you then multiply this answer
by 10, this gives 3 x 100 + 20. This is not the same as the
required output of 3 x 100 + 2.
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Lesson 4: Using a rule (2)

=» pages 73-75

1. a) The total value is 5n pence.

b) (Number o coins | Reena's totatvalue
4 5p x 4=20p
5 5p x 5= 25p
1o 5p x 10 = 50p
30 5p x 30 = 150p
50 5p x 50 = 250p

2. a) Hiring of the court costs 20n pence (for n minutes).

b) (Time in minutes | cost
n 20p x n = 20pn
10 20p x 10 = 200p (=£2)
30 20p x 30 = 600p (=£6)
60 20p x 60 = 1,200p (=£12)
120 20p x 120 = 2,400p (=£24)

3. x+30 30-x 30x
x=5 35 25 150
x=10 40 20 300
x=30 60 o 00
x=0 30 30 o

4. No, the order of the operations matters.
If Aki adds 5 then multiplies by 10 he would get
(7+5)x10=12x10=120.
The correct answer is (7 x 10) +5=70+5=75.

5. If y is an even number then 5y will be a multiple of 10
50 100 - 5y will be a multiple of 10.

6. Wheny=1,10y-y=9.
Other examples will vary, depending on the choice of
y but 10y - y will always be equal to 9y.
Diagrams could include bar models split into 10
sections marked y with one subtracted.

Answers will vary; for example:

y=1:4+2y=6

y=54+2y=14

Doubling any whole number gives an even number, so

2y is always even. 4 is even and when you add two even
numbers together the answer will also be even. So, the
rule 4 + 2y always generates even numbers.
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1) Ola could be correct. 21 x0 = 0 and 0 +12 = 12
Layla could be correct. 21 + 3 = 24 and 24 + 2 = 12
Thomas could be correct. 2] - 1S = 6 and 6 x 2 = 12

2) Leo: This is incorrect, as each machine will give a different answer if we do what Leo suggests. Adding 7 to a
number, then multiplying by 4, will give a different answer to multiplying a number by 4, then adding 7 to it.
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Lesson 5: Using a rule (3)

=» pages 76-78

1. a) Length of ribbon left is 100 - 5y.
b) There is 40 cm of ribbon left.

2. a) The total height is 15+ 10n.
b) 15+ 10 x 8= 15 + 80
The height is 80 cm.
3.9 Aa+50,  Cloraé
B:a-50 D:50 +3a
b)A=125 B=25 (=1875 D=275
4. Equivalent expressions matched:
5lessthany =y -5

ymore than 20 20 +y
doubley = 2y
5.
Wit an expression | Substiuten =110,
foreach 2. Calculate the value of 2.
- T-T-])
3n-20 3lo
PR —
C T To)|eeirironen 0
PR —
---ﬂ 2210 (o0 (n-10) £ 4) »

Wheny=3,25-2y=25-6=19
Bar models may vary; for example:
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1) Function +4

. &

320

4.8

39

Answers may vary. Example answers shown for each number given.

20:2-6=4 499 +2-6=16 60+2-6 =24
32+2-12=4 88+4-6=16 722+2-12=24
44 :2-18=4 132+6-16=16 84 +2-18=24
40+ 4-6=4 176 +8 - 16 = 16 96 +2-24=24

0dd numbers cannot be made due to the ‘divide by 2’ rule given by the function machine. If we input an odd
number, we will make a decimal number, which cannot be classed as either odd or even.
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We will need some maths words.
Can you identify and explain the
words you already recognise?

" In this unit we will ...

# Find and write algebraic rules

sequence rule term algebra
expression calculation

fi L bstitut Li
# Write algebraic formulae ormuta substitute generatise

# Write and solve algebraic equations operation calculate equation

# Solve equations that have lots of solutions inverse solution

\

Q‘] # Write algebraic expressions

( We will need to work systematically
~ to find all the solutions to one

-~
equation. We can use a table to help
Do you remember what this model ~us order and record our solutions.
is called? We will use it to represent \,

different equations. Can you predict what
equation is being represented here?

Perimeter of
rectangle

20 20+2-1=9
20 20+2-2=8
20 20:2-3=7

Then b =
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| Uk Agebra Lesson 1
Finding a rule @

Discover This nursery rhyme

[I frog 4 legs; 2 frogs 8 legs; ] can go on forever.

3 frogs 12 legs; ... What if we sang
100 verses or more?

o a) Describe the rule for this nursery rhyme. Can it work out the number
of legs for any number of frogs? b)

b) What are the rules for the number of eyes or mouths a frog has?

88

The rule is to add on 4 each

time: 4, 8,12, 16, ... but

that will take a long time if
there

are 100 frogs or more!

This reminds me of missing
number calculations like

D x 4. Twill use a table
to find the rule.

3]/
4
| § l
Number | | | 5 | 3 0 | 100 | 1257 | a
of frogs
N 16 |2x4(3x4 10x 4100 x4 |1257 x 4 | a x4
of legs
The number of legs is four times the | ammme
number of frogs. We can use letters to
represent a value we do
Use the letter a to represent the not know for certain, or
number of frogs. that can change.
The rule for the nursery rhyme is: '_/
For a frogs, there are a x 4 legs. <
a could be | frog, 7 frogs, 100 frogs or
even | million frogs!
Use a to represent the number of frogs for other rules, too.

If there are a frogs, then there are a x 2 eyes and a x | mouths.

89
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Think together 'D-‘Q*(‘
gé g
0 A bracelet needs 6 sea shells. How many sea Q s
\r/‘
\

an

shells are needed for 2 bracelets? 3 bracelets?
m bracelets?

Number of
bracelets

Number of
shells needed | | x .

For m bracelets, you need . x . shells.

One bracelet needs a length of 20 cm of red string. What about 2
bracelets? 3 bracelets? n bracelets?

Number of
bracelets

Length of
string i .

| 2 3 n

For n bracelets, you need . x . cm of red string.

e a) Jen is 26 years older than Lee. If n is Lee's age,

how can Jen's age be represented?

Jen’s age

Lee’'sage | 8 [ 9 |10 |25 | n

b) Mr Jones is 47 years older than Ebo. If y is Mr Jones's age,
how can Ebo’s age be represented?

~ | — .
~ Iwill decide if I need to add or subtract. -
—

Mr Jones’sage | 47 | 57 | 68 | 80 | y

Ebo’s age

¢) What rules connect these ages?

Amal 17 127 |39 |75| ?

Mrs Dean | 27 | 37 [ 49 | ? | 100

I could use p to represent Amal’s age.
1 think there could be two different
rules depending on whose age I know.

al
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Finding a rule @

Discover

There are 7 geese on the lake.
More geese arrive in pairs.

Ay

There will be 100 geese
if more keep arriving.

u‘zw

° a) More pairs of geese land. What is the rule for the number of geese

on the lake?

b) Is Richard correct?

q2

o GlEEEEE 7+2=9 7+1x2=9
EEeEaEE - oo 7+42+2=1 7+2x2=1l
CEEEEE O $ 7-2+2+2=83  7+3x2=8

EEEEEES Sy 72+2+2+2=15 T+4x2=15

—

Geese at the 7 7 7 7 7
start
More pairs [ 2 3 100 n
fly in
Total geese 7+1x2 [ 7+2x2 | 7+3x2 |7+100x2| 7+nx2
If n more pairs land on the lake, there will be 7 + n x 2 geese in total.

You can write 2n instead
of2xnornx2.

This rule can be written
7 +2n.

b) No, Richard is not correct because there will never be exactly ‘4
k 100 geese. The rule adds on a multiple of 2 to 7, so the answer

The letter n is used here as
the letter x would look like the
multiplication sign. I wonder if

that is confusing in algebra.

will always be an odd number.

+2 +2 +2 +2

q3
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Think together

4

Luis is selling lemonade. Lexi wants to buy some cups of lemonade.
How much money is left after Lexi buys one cup of lemonade?

What if she buys 2 cups? 3 cups? a cups?

£2 for each cup.

Cups bought | 2 3 a

Money left

Luis sold 3 cups of lemonade. How much did he earn? What if he sold
4 cups? 5 cups? n cups?

If Luis spent £5, I need
to subtract that from
the amount he earned
selling the lemonade.

It cost £5 to make
all the lemonade.

Use sticks to make a square. | square needs 4 sticks.
How many sticks are needed for 2 squares? 3 squares?
4 squares? n squares?

To make | square, 4 sticks are used.

! To make 2 squares, 4 + 3 x | sticks are used.

To make 3 squares, 4 + 3 x . sticks are used.

l B To make 4 squares, 4 + 3 x . sticks are used.

To make n squares, 4 + 3 x i sticks are used.

+4 +3 +3 +3

0 : 0O O
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Using a rule @

Discover

Ijust started a T have 6 more
badge collection. badges than Jamilla.

T have twice as
many badges as Mo.

(quillcl) ( Mo ) (Dunny)

a a) If Jamilla has x badges, how can the number of badges that Mo and
Danny have be represented?

b) How many badges do Mo and Danny have if Jamilla has 4 badges?

qac

a) Jamilla has x number of badges. Mo has 6 more badges than Jamilla.
We can write that Mo has x + 6 badges.

@ Number of
% O Mo’s badges

6
@6 L

X+6
think we can write ‘

S
that he has 2x. ‘ . ’ .

— Number of
I do not think that is Danny’s badges

right. Danny has twice as r L ]

Danny has twice as
"~ manybadgessol

R many badges as Mo, not
~ Jamilla, so it is not 2x. T will l X 6 X 6 l
show it with a bar model. (x +6) x2

| ——
We can write that Danny has (x + 6) x 2 badges.
b) Jamilla has 4 badges, so x = 4.
Number of Number of
Mo’s badges Danny’s badges &E
S ! 1
(4] s ) 4l 6 | 4] 6 )
4+6=10 (4+6)x2=20
If Jamilla has 4 badges, Mo has 10 badges and Danny has 20 badges.





