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Fill in the spaces with
anything you already
know about Algebra

Career
Opportunities:

. Architects,
electricians,
plumbers, etc. use it to do
important calculations.

© Triangles have been stacked to form an increasing number pattern below:

B AR

7 triangles 12 triangles 17 triangles

How many small triangles would be needed to make the 15 picture in this pattern?

f
(Work through the book for a great way to solve this>
1
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Algebra Basics J

Words and symbols

Algebra uses letters or symbols called variables. Each part in an algebraic expression is called a term.

. . )
Look at the algebraic expression 4 —a
4-a
Constant term Variable term
(Can't change) (Can change)
if ais 1, the outcome is 3
If a is 8, the outcome is —4
_ ,
Let's look at another similar expression.
~
m+ 9
m+9
Variable term Constant term
(Can change) (Can't change)
If mis 3, the outcome is 12
If mis—4, the outcome is 5
_ ,
Algebraic expressions with an equals sign ‘=" are called equations.
~
44+ x=1
/4 +x=7 The equal sigh means 4 + x has the same value as 7
Constant Variable Constant
To make this correct, x must be 3
_ ,
Here's another one.
. )
m—5=9
m—5=9 The equal sigh means m — 5 has the same value as 9
Variable Constant Constant
To make this correct, m must be 14
_ ,
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}-@ Words and symbols "@@% W

@ Write down the variable in each of the following mathematical statements: vl “3
Qb
©12+b O3 m+2 %‘NR’
O7xk+3 0 2a+ 3a

© Circle each of the algebraic expressions below in which the variable can be any value:

5xw= 30 x+x=1
32-2xd=16
3+x= 12xg=

200 5 = 25 Ixxt 6=

© Match up each of the algebraic expressions with the correct outcome using the given variable value:

1l1-xif x=4 o e 20
dxmif m=5 o e 10
27T+a if a=3 e e 9

°
°
3

1+3xzif z=3

©) Write down the value of the variable that makes these equations equal on both sides:

©O12+c=20 O14-h=2
Cc = h:

Ok+3=6 O12xy="72
k = y=

et _
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How does it work?

Algebra Basics J

Multiplication

Instead of writing 5 x m or a x b, we simply write 5m or ab to mean the exact same thing!

Always put the number first.

l axb=ab

&L_

Simplify 3x2 xn
3x2xn=6xn

= 6n

Multiply the numbers together

If multiplying by 1, do not write 1 in front of the variable.

Simplify 1 x y

Ixy=y (not ly)

The 1 is hidden

1 x2 is just 2. The same rule applies when multiplying a variable by 1

Write multiplied variables in alphabetical order.

(... )
Simplify 2xpx5xrxgqg
2XpXSXrxq=2%x5Xpxrxgq Re-order with numbers first
= 10xpxrxgq Multiply the numbers first
= 10pgr Put variables in alphabetical order
_ J
Use powers to simplify multiplications of the same variable.
. .. )
Simplify axaxb
axaxb=a*xb
=d’b
Just like 4 x 4is 4°, a x ais a*
_ J
l b=axb

Doing the opposite of these examples is called expanding.

&L_

Write a?b in expanded form

a’b=axaxb

Simplified form Expanded form

<G—}> @ Algebra Basics
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How does it work? Your Turn j Algebra Basics J
L 4
/r@ Multiplication

@ Simplify: (psst: remember the rules!)

©2x7xk Ouxl Os5xrxp

O nxmxm O 6xbx3xb O 4xjxIx3xk

© Expand each of these

O 4pg 0 44° 0 3m*n

© It's combo time! Calculate the value of these expressions using the variable in the square brackets.

O3x+2 [x=4] O15-2b [b=6]
O3x5g [g=2] O am*>  [m=3]
P

Algebra Basics
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How does it work?

Algebra Basics J

Division

| a—-b= %
e |
When dividing two algebraic terms it sometimes helps to write the division as a fraction first. ;,-I !

(e
Simplify & -8

~

h=8

Numerator \Denominator
g_h
h+8= 3
_ J
Aways write fractions in simplest form.
‘. . )
Simplify 4x =12
4x =12

/N

Numerator Denominator

. 4x
X 12
=X 4 _ L \yhen simplified
3 12 3

N\ J

Brackets are not necessary for simple divisions written in fraction form.

(w1 )

Simplify 3+ m) +n
B34+ m)=n
Numerator Denominator
SB+m)=n = 3 '; n brackets are hidden in fraction form
N\ J
» 4l

e ‘

—

N
.4+x—y.(4+x)

When doing the reverse and there is more than one term, brackets must be put in.

brackets or (parentheses)

6 ‘

A

Algebra Basics
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© sSimplify by writing without using a division sign:

©2:4 Oa-=c

O5-(r+3) O(+tz2)=z

© Re-write these expressions using a division sign: (psst: some may need brackets)

w c
OZ Q3+a
6 xX—y
o3x+2 ov+w

© Re-write these expressions using a division sign: (psst: simplify the fractions first)

2a 6b
o 6 o 12¢

15x 4(m+ n)
© 20y o 12p

- _
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L 4
}'@ Mixed simplifying concepts

It's combo time!

© Simplify these by writing without multiplication or division signs:

O 5%xa+4 O1xm=(4+n)
O nxm=(bxaxc) © (8x2p)=(3x3q)
O xxx=(y+ 2x) O dxfxd=(11+fxe)

© Expand these by re-writing with multiplication/division signs and grouping symbols:

2d a+4 q-r
(2 ) E (b) ; () o
0L (e Qe Q Tz

J—k a’+ 2b x+ Ty

8 ‘ @ @ Algebra Basics tl

SERIES TOPIC Mathletics  © 3P Learning Ltd \ -



How does it work? Algebra Basics

Use a
W variable
— S

bt

~

Phrases as algebraic expressions |

To solve problems with algebra we use variables to turn the problem into an algebraic
rule (or relationship).

( Write a rule for: the sum of a number and 5 )

plus ¢ Give ‘the number’ a variable.
Let the number be n

..The sum of a numberand 5is: n+ 5

( Write a rule for: the difference between a number and 3

minus Let the number be n
son—3
\§
The order of the words in a sentence makes a difference to which operation is done first.
( . .
Write a rule for: the difference between double a number and 3 )
minus multiply by 2
Let the number be n
c.2n—3
... a number doubled, minus 3
e . .
Write a rule for: double the difference between a number and 3
multiply by 2 minus | ot the number be n
s 2(n—=3) Brackets used because n — 3 is calculated first
.". double the difference between a number and 3
e . . .
Write a rule for: the quotient of 4 times a number and 3
¥ divide Let the number be n
- numerator 47[
‘B denominator 3 4n was first in the sentence, so it is the numerator
\§ J-- J

et .
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L 4
}-@ Phrases as algebraic expressions

@ Write these phrases as algebraic expressions (let the number be ‘»’)

© The sum of a number and 7:

n _|_7 -r

O The difference between 9 and a number:

©® The sum of 6 times a number and 1:

@ The product (x) of a number and 4:

© The quotient (=) of two more than a number and 3:

@ The difference between a number squared and 6:

® The product of a number minus 5 and 2:

@ 8 lessthan twice a number:

© 10 added to a number halved:

@ A number multiplied by 5 more than itself:

10 ‘ @ @ Algebra Basics tl
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How does it work? Your Turn j

Algebra Basics

L 4
}‘@ Phrases as algebraic expressions

© Circle whether the algebraic expression is correct or incorrect for each phrase.

© A number multiplied by 4 added to 7:

dn+ 7

O The difference between a number and 4:

4—n

© The sum of 6 and the product of 3 and a number:

3n+ 6

@) The quotient of 4 plus a number and 9:

4=+-n+9)
O A number divided by 5 and added to the number:

n
5+5

© A number times the difference between the number and one:

nn—1)

@ The sum of a number, and three minus the number halved:

3—n

n+2

(@ The product of 6 more than twice a number and 4:

4(2n+ 6)

@ The product of a number squared and 3:
(3n)*

@ The quotient of 5 less than a number and the number:

n->5
n

Correct

Correct

Correct

Correct

Correct

Correct

Correct

Correct

Correct

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Algebra Basics
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Addition and subtraction
- e
If the variable parts are exactly the same, the terms are called ‘like terms’. V| -
Like terms: " —X 3b b 2y — Sy
L Like terms J L Like terms JA L Like terms J
Not Like terms: a b p p’ 2x — Sy
L Not like terms J‘ L Not like terms J L Not like terms
Only ‘like terms’ can be added or subtracted.
(e s )
Simplify 2a + a
2a+ a
Variable parts are the same (like terms)
S.2a+4+ a=3a
(i s
Simplify 8x — 3x
89{ — 3Tx
like terms
S 8x— 3x = 5x
- _J
(e s )
Simplify 3d + 4d + 6¢
3d + 4d + 6¢
1
like terms
3d+ 4d + 6¢ = 7d + 6¢ This cannot be simplified any further
- _J
& Why don’t we add or subtract unlike terms? Good Question!
). [Lwat a problem the last example could represent.
IL
@ At a picnic for pets, each dog gets 7 treats and each cat gets 6 treats. Number of treats

needed is: (7 treats x number of dogs) + (6 treats x number of cats)

= (Txd)+ (6xc)

the number of dogs the number of cats

Simplified: = 7d + 6¢
d and ¢ represent two different animals so it does not make sense to add them together.

Therefore 7d + 6¢ is the simplest expression for this problem.

12 ‘ @ @ Algebra Basics tl
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v
j@ Addition and subtraction

(1)

12

Simplify:

©®a+9a

O 14r-9r

O 6m— 8m

O 7+ 2y+ 4y

Simplify: (psst: look for the like terms!)

© 13m+9n+ 12m

O 16x+ 9y + 15y

O Te+ lle+ 2a

O 3u+ 5u

O45-7g

O - 11x+ 2x

O30p—15p—10p

O 14a+ b+ 10b

© 9d— 5¢-3d

@ 13g— 15g— 4h

Algebra Basics @ @ ‘ 13
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How does it work? Algebra Basics

Grouping like terms

Terms can have the same variable letter but still not be ‘like terms’.

¢ 4

Same character but not alike

(e 2 2 )
Simplify 7a + 3a”+ a+ 2a
e a is different to ¢’ so they are not like terms.
Like terms
sTa+3d>+a+ 24> = Ta+ a+ 3d* + 24° Grouping the like terms
T~Like termsJ
= 8a+ 5a°
_ _J
Each term of an expression includes the sign in front of it.
(e e s . N
Simplify 95 — 11k + 5 + 8k
0j— 11k+ 5+ 8k =[] T [+ 5/] 5 80>
no sign in front mean + -
=19j+5 Grouping the like terms
= 14j— 3k Simplify
N\ J
It’s helpful to circle the like terms with similar shapes, including the sign in front. - @

Here are two more examples that combine two simplifying concepts.

o

st

e 2
Simplify and write in fraction form: (5a + 4b — 2a) +~ 3b
(+ 4b ) +3b = (3a+ 4b) =~ 3b Simplify the bracket
= % Write division as a fraction
Simplify each bracket and write in fraction form: (x — 2x + 8x) + (13x* + 8x* — 5x)
(@ Zx -) —5%) = (9x — 2x%) = (21x% — 5x) Simplify the bracket
2
= 996;729( Write division as a fraction
21x"— 5x
_ _J
14 ‘ @ @ Algebra Basics il
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L 4
f@ Grouping like terms

©® Simplify: (psst: look for the like terms!)

O 9 +3b+a+ 4b O 4p* + 3p+ 19p + Tp?

On-1lm—n—12m @ 3y—5x+y— 8

°9p—4q+3p+12q O 14a* + 4b - 3a + 24°
Combo time!

© Simplify and write in fraction form:

Ol1ly-Qy+2x—y) O (p*-5p-8pH =12

© Simplify each bracket and write in fraction form:

© (2x — 3y + 2x) ~(4x+ 3x— 2y) O 2x4a+3x2b)+Bxaxa+ 2a%

et _
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Escape from algebra island puzzle

i
4 0 2 ° e
O @‘ ® )
05 T Oa B ot

D e
Ve
Q‘.w @ A

Escape from Algebra Island puzzle One path has been found for you!
[([(4x* + 4x?) — 52?2 ] = 1) = 3x [x 2= 2x

Square steps = multiply
Circle steps = divide
Trapezium steps = add

} Remember, like terms only!
Pentagon steps = subtract

Starting with a value of 4x?, travel along the lines from step to step until you get to the outer edge.
Each step affects your value.

If you have exactly 2x left when you reach one of the shapes at the outer edge, then you have escaped!
Good luck.

How many paths can you find to get away from Algebra Island?

How many steps is the longest path you can find?

16 ‘ @ @ Algebra Basics S
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¥
Bringing all the previous concepts together -

z

These examples combine the different simplifying concepts together. \"m“l‘;

»
( N
Calculate the value of 4a -3 when a= 6
e When a= 6, 4a = 4 x6, not 46!
da+3=4%x6=3 or da=3=4%4
a =
a=6 _4x6 ~
) -3
=24+3 _ 24
=8 3
=38
This is useful in questions with multiple variables.
g J
The fancy name given to doing this sort of thing in Mathematics is substitution.
( N
Calculate the value of 5x + 2y when x = 2and y= 6
Sx+2y=5%x2+2x6 Substitute the value of the variables.
x=2 y=256
=10+ 12
=22
g J
Where possible, simplify the expression first before substituting in the variable values.
~
Evaluate 4m + 3n— 2m+ 5n when m = 6 and n = -3
e Simplify: @ Identify the like terms and their sign
: Group the like terms
=2m+ 8n Simplify
e Evaluate: 2m+ 8n=2x6+ 8x—3 Substitute in the variable values
"find the value of" m=6 n=-3 .
=12-24 q
=-12 "
\_ J
Algebra Basics @ @ ‘ 17
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How does it work?

Algebra Basics

The same variable value can be substituted into unlike terms.

( 2 2
Evaluate 3p~ + 8p — p“— 3p when p = 2

o Simplify:
gl )

N\

= 2p*+ 5p
e Evaluate: 207+ 5p=2x22+5x2
!
p=2 p=12
=2x4+5x%x2
=8+ 10
=18

Identify the like terms and their sign

Group the like terms

Simplify by combining the like terms

Substitute in the variable value

¢

Checkout these two extra examples...

(

Evaluate 2x3: Y when x = 3 and y=12
x=3 y=12
] Remember: L l
2x+y _ 2x3+ 12 ) . .
_numerator = Substitute in the variable values
- denominator 3x 3% ?%
j’ x=3
- 12
-6 +9 Simplify the numerator and denominator
= % (18 =9) Simplify the fraction
=2
Evaluate 2m*n when m= 2 and n= 7
2m*n=2xm*xn Expanded form
e Evaluate:
2xm?xn=2x2%x17 Substitute in the variable values
m=2 n=717
=2x4x7 Multiply terms together
= 56
\§

18 ‘ @ @ Algebra Basics
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L 4
}'@ Bringing all the previous concepts together

© Calculate the value of these expressions when v = 4

Qw2 0242
0n-} 0y
©® Calculate the value of these expressions when a=—2 and b= 5
© a+2b 0 3b- 6a

© a2+4b o aézl—b

© Evaluate these expressions when ¢ = 6, d = 9

Oc+d+2c+3d O2c+d+3c-d

Ozj%cc O (c+d)x(2c-d)

- _
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How does it work? Your Turn j Algebra Basics

L4
}'@ Bringing all the previous concepts together
Give these three variable questions a go!

0 Evaluate these expressions when x =6, y=3 and z=— 8

O 2x+y+z O 3z+xy
0y oY
X+ zZ

Earn an Awesome passport stamp with these questions:

ala+ 2b)?

© Evaluate 2 whena=2,b=—4

b—a

22
(6 | Evaluate{ix_yiz} whenx=—1,y=—75
y—Xx

ld_a,b&c

—

20 ‘ @ @ Algebra Basics
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Algebra Basics

Tables of values

These are used to show how one variable changes when another variable in a given rule is changed.

-
Complete the table of values using the rule: b = a + 3

e Substitute each value of a into the rule to find

a 0 1 2 3 4 5
b 3 4 5 6 7 8
a=0 | a=1 ) a= 2 ) a=3 ) a=14 ) a=>5
Sb=0+3 . b=1+3|..b=2+3||.b=3+3|..b=4+3|. .b=5+3
_3 J :4 J _5 J :6 J _7 J _8 J
\§
~

Complete the table of values using the rule: y = %

X 3 6 9 12 15 18

y 1 2 3 4 5 6
x=3 | x=6 | x=9 [ x=12 | x=15 | x=18 |
Sy=3+3 . y=6+3| y=9+3 | y=12=-3|. .y=15+3|. .y=18+3

=1 y= y=3 y=4 y=>5 y=256

n 0 1 2 3 4 5
m -1 2 5 8 11 14
n=0 n=1 n=2 n=73 n=4 n=>5 )
Som=3x0—-1|-.m=3x1—-1 m=3x2-1 m=3x3—1|.".m=3x4—-1|..m=3x5-1
-1 =2 =5 =8 =11 =14

Algebra Basics @ @ ‘
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Where does it work? Your Turn J Algebra Basics J
L 4
)‘@ Table of values

@ Complete each table of values using the given rule.

Ou=v+2 Oc=2d
vi| 0 1 2 3 4 d| 0 1 2 3 4
u C

Og=41-3 oy=§+1
h| 1 2 3 4 5 x| 2 4 6 8 10
g y

© Draw lines to match each table of values with the correct matching rule.

alof[2[46[8] b 2us 3
bl 213 4] 516

al 1[2[3]4]5]. o _a+4
bl 1 | 6 | 11 16 21 2

al o ] 1213 4 s

bl o ! 3|6 9 12]° *v=2d

al 0 ] 11213 4 e
bl 3 51 71911 ° *P=as

© Have a go at figuring out the rule used for each table of values below and fill in the gaps.

© Rule: O Rule:
x| 0 1 2 3 4 m| 0 1 2 3 4
vy 5| 6 9 nl 0 | 4 12

O Rule: © Rule:
pl 0 1 2 3 4 c 1 5 6
g -3 q 1 d| 5 | 1|3 19

et
22 ‘ @ @ Algebra Basics
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Where does it work? Algebra Basics J

Number patterns

There are a lot of patterns in the world and it is a useful skill to be able to work them out.

“

, ...” at the end means the diagrams continue to change following the same pattern.

Look at the following patterns of bricks laid by a builder over a three minute period:

I L‘ _,.4:{1'

1**minute 2" minute 39 minute

(i) Describe the number pattern of bricks laid by the builder every minute:

Pattern: The builder lay’s three bricks in the first minute and then another 3 every
minute thereafter

(ii) Write a number pattern for the total number of bricks laid after every minute:

Number Pattern: 3 , 6 , 9 ,..
\§ J

The number pattern formed can be displayed using a table of values:

Look at the increasing arrow sign pattern below:

I5tsign 2" sign 3sign

(i) Describe the number pattern formed by the arrow signs:

Pattern: The first sign has three arrows, then each following sign increases by two arrows

(ii) Complete a table of values for the first three arrow signs:

Sign number 1 2 3
Number pattern for the arrows used in each

Numberofarrows | 3 | 5 | 7 sign increases by two arrows each time.

(iii) How many arrows would be in the 6% sign of the pattern?

First six values in the number patternare: 3 11 13

;5,1 0,9, )
N N N A N N
2 2 2 2 2

.. there would be 13 arrows in the 6™ sign
- _J

/ .
Algebra Basics 23
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Where does it work? Your Turn j Algebra Basics J

L 4
f@ Number patterns

© For each of these pattern diagrams:
(i) Describe the number pattern formed by the shapes
(ii) Write a number pattern for the total number of shapes used to make the first five diagrams

° & & IS
e e e L)

(i)

(ii) , , , , yoee

i i S Sl S S S

(i)

(ii) ’ ’

o®’%, w

(i)

(ii) , , , , yoee

24 Algebra Basics
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Where does it work? Your Turn j Algebra Basics J

L 4
}@ Number patterns

© For each of these pattern diagrams:
(i) Complete a table of values for the first 4 diagrams
(i) Write down how many shapes are needed for the 7" diagram

o
’ ’ ) A
lst 2nd 3rd

(i) Diagram number 1 2 3 4

— 1

{

Number of hearts

(i) Number of hearts needed for the 7 diagram =

()
’ ’ | AR
lst 2nd 3rd

(i) Diagram number 1 2 3 4

Number of hexagons

(i) Number of hexagons needed for the 7" diagram =

(i) Diagram number 1 2 3 4

Number of matchsticks

(i) Number of matchsticks needed for the 7t" diagram =

et .
Algebra Basics 25
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Where does it work? Algebra Basics

Modelling number patterns -2t
e
Modelling a number pattern is the fancy way Mathematicians say: i't
‘find the algebra rule for the pattern’. -

These examples use the number of shapes and matchsticks in each pattern to find the rule.

( Find the algebraic rule for the matchstick pattern below: A
VANRWAVANNAVAVANE
Number of triangles (7): 1 , 2 , 3 yoee
Number of matchsticks (m): 3 , 6 , 9 youe

Pattern: Starting with 3 matchsticks, the number of matchsticks goes up by 3 with each triangle added on

.. The number of matchsticks in each diagram equals 3 x the number of triangles in the diagram

Using algebra, thisis: | m = 3¢ The general rule
Completing a table of values can help to find the general rule: e 11213
Number of matchsticks (m) | 3 | 6 | 9

Number of matchsticks () equals the number of triangles () multiplied by the constant increase —— 3

\/‘\g‘

Find the general rule for this pattern formed using matchsticks

Number of triangles (7): 2 , 3 B 4 yooe
Number of matchsticks (m): 5 , 7 ’ 9

d
N\
e

Pattern: Starting with 5 matchsticks, the matchsticks increase by 2 for each extra triangle added on

Number of triangles (¢) 21314

Number of matchsticks (m) | 5 | 7 | 9

NN
2 2<«——Multiplytby2: ..m= 2t

Checking with the first shape, this time we need to put +1
into the rule to get the correct number of matchsticks

. The general rule

\

26 ‘ @ @ Algebra Basics il
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Where does it work? Your Turn j Algebra Basics J

L 4
}@ Modelling number patterns

Write down the general rule for each of the following matchstick number patterns:

(1)
S A0 N
N A

Let s be the number of squares and m the number of matchsticks

| rule:
Number of squares (s) Genefar “,J,,e

Number of matchsticks (m) m= | X8 o

VAV ARYAVANNEYAVANS
VARV AV

Let  be the number of triangles and m the number of matchsticks

General rule:
Number of triangles (7)

Number of matchsticks (1) "= i+ |

©) ,

Let » be the number of grey rings and ¢ the number of circles drawn

(3]

~-

General rule:
Number of grey rings (7) 1 !

Number of circles drawn (c) 2 €= j :r+ |

6 by g

Let p be the number of pentagonal shapes and ¢ the number of triangles used

General rule:
Number of pentagonal shapes (p) . u

Number of triangles (¢) 1= | »p

et .
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More number pattern modelling

The diagram number (n*" diagram) and the number of shapes in each diagram is used for these questions.

( )
Find the general rule for this pattern formed using pentagons
n™ diagram (n) 1st , 2nd , 3rd , 4th Jeoe
Pentagons (p) used: 2 , 5 , 8 , 11 Jeos
Pattern: Starting with 2 pentagons, the number of pentagons goes up by 3 for each following diagram
Diagram number (n) 1123 |4
Number of pentagons (p) | 2 | 5 | 8 | 11
N AN AN
3 3 3<«—Multiplynby3: -.p=3n
Checking with the first shape, we need to put —1 into
the rule to get the correct number of pentagons
The general rule
_ J
This method also works for matchstick patterns.
~

-
Find the general rule for this pattern formed using matchsticks

I I ’ " " " " ’ " " " " " " pece
—

n™ diagram (n) =t 2nd , 3rd peoe
matchsticks (m) used: 4 , 10 , 16 pooe

Pattern: Starting with 4 matchsticks, the number of matchsticks goes up by 6 for each following diagram

Diagram number (n) 123

Number of matchsticks (m) | 4 | 10| 16

NN
6 6

Checking with the first pattern, we need to put -2 into
the rule to get the correct number of matchsticks

" The general rule

\ J
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L 4
}‘@ More number pattern modelling

@ Write down the general rule for each of the following matchstick number patterns:

° NN
S /K7 AN
O N

Let n be the diagram number and m the number of matchsticks

. General rule:
Diagram number (n) —_—

Number of matchsticks (m) m= xnt+

* - WA -

lst 2nd 3rd

Let n be the diagram number and m the number of matchsticks

. General rule:
Diagram number (n) —_—

Number of matchsticks (m) m= et

/
\

7 -

Let n be the diagram number and m the number of matchsticks

rd

[ rule:
Diagram number (n) Generar rl,J.,e
Number of matchsticks (m) m= nt
@ HER
B BN EEEEN
Ist 2nd 3rd
Let n be the diagram number and m the number of matchsticks
G [ rule:
Diagram number (n) ene‘rar rg,,e
Number of matchsticks (1) m=_ n

e :
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L 4
/X‘@ More number pattern modelling

© Write down the general rule for each of the following number patterns:

o & =
B %%g% , %%ﬁ%%éw.

lst 2nd
Let s be the number of snow flakes and n the n'" diagram

[ rule:
Diagram number (n) Generra” ru ©
Number of snow flakes (s) 5= | xn
(b
O
1st 3rd
Let ¢ be the number of tyres and n the n*" diagram
[ rule:
Diagram number (n) Generra” f?_e
Number of tyres (¢) r= n -
® 0
@ ... ..O .Q O.Q....
L N ' 90 0 e ' 9000 "
1st 2nd 3rd
Let d be the number of dots and n the n*" diagram
[ rule:
Diagram number (n) Generrgr ru €
Number of dots (d) d= B |

° /A/\ . /§Z§7\ . /\/\/\/\ .

‘lst
Let ¢ be the number of triangles formed and n the n* diagram

. General rule:
Diagram number (n)

Number of triangles (7)

There are actually two number patterns here, the other involves the number of matchsticks used.
See if you can work it out!

D,
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Using the general rule

Substitution into the general rule is used to answer questions about the n™" diagram in a pattern.

e )
Find the general rule for the parallelogram pattern:
A = o A o v
Let p be the number of parallelograms and n the n'" diagram
n 1 2 3
p=12n general rule
P 2 4 6
T
2 2
How many parallelograms are there in the 20 diagram of the pattern above?
Sop=2x20 Substitute n = 20 into the general rule
= 40 parallelograms
(. .
Find the general rule for the matchstick number pattern:
e R
Let m be the number of matchsticks and # the n'" diagram
n 1 2 3
S m=5n-2 general rule
e T m=sn-2]
N A
5 5
How many matchsticks are there in the 8" diagram?
c.m=5x8—2 Substitute n = 8 into the general rule
= 38 matchsticks
(. . .
Find the general rule for the amazing stick gymnast pattern:
& & @B Oé@é@
) & & ’ & & I
Let g be the number of gymnasts and » the n™ diagram
e A (g=3n-1—
S lg=3n-1 general rule
e 2 1 5 | s (g=3n—1]
A A N 4
3 3
How many gymnasts are there in the 30*" pattern?
.82 =3x%x30—1 Substitute n = 30 into the general rule
= 89 gymnasts
_ J

e :
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L4
/r@ Using the general rule

® © Every time Niamh kicked a goal (g) the team score (s) increased by 2.
The general rule for this is given by:
s=2g

How many points did Niamh score after kicking ¢ = 8 goals?

0 If the total number of chickens (c¢) that crossed the road after each minute (m) is given by the

general rule:
c=5m-73

How many chickens had crossed the road when m = 7 minutes?

© The total number of shirts (s) tried on by customers (c) in a store is represented by the
general rule:
s=2c+1

How many shirts had been tried on when there were ¢ = 12 customers?

@ The total number of vegetarian meals (v) ordered (on average) in a restaurant by diners (d) is
given by the general rule:

_d
V=3

How many vegetarian meals were ordered on a night with d = 36 diners?
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v
j‘@ Using the general rule

© The stacked tyres below form a number pattern. Find the general rule and then calculate how many
tyres are in the 12" stack.

1%t stack 2" stack 3rd stack

Let 7 be the number of tyres and n the n'" stack of tyres.

n General rule: Tyres in the 12t stack:

© New leaves are appearing on a tree each day forming a number pattern.
Find the general rule and calculate how many leaves there are on the 10%" day.

Day 1 Day 2

Let / be the number of leaves and n the n'" day.

n General rule: Leaves on the 10t day:

0 The basketballs represent the number of good shots during each training session.
The good shots are increasing by the same amount each time.
How many good shots are made during the 8™ session?

Q09 VN I Y
W VOV QP00
QO ' V0O Q0000 '

Session 1 Session 2 Session 3

-

Let s be the number of good shots and n the n'"training session.

n General rule: Good shots in the 8" session:

B,
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v
}-@ Using the general rule

© Atileris laying out some octagonal tiles in the following number pattern:

OO0
o0 ,

1%t diagram 2" diagram 3" diagram

How many tiles will be laid in the 12t diagram?
let # be the number of tiles laid and n the n*" diagram.

n General rule: Tiles laid in the 12t diagram:

© Triangles have been stacked to form an increasing number pattern:

b & M-

7 triangles 12 triangles 17 triangles

Find the general rule and calculate the number of triangles needed for the 15 shape.
Let ¢ be the number of trangles and #n the »n™ shape.

n General rule: Triangles in the 15™ shape:
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Cheat Sheet Algebra Basics J

n

. Hereis asummary of the important things to remember for algebra basics

|

=

Words and symbols
Algebra uses letters or symbols called variables. Each part in an algebraic expression is called a term.

x+ 6
Variable term Constant term
(can change) (can't change)
x+ 6=10 equal sign '=" means x + 6 has the same value as 10

The equal sign makes this an equation. The value of x must be 4 to be correct

Multiplication
Multiplications can be:

Simplified— 6 xn=6n xxy=xy Expanded — 6n=6xn xy=xxy
Division
It sometimes helps to write divisions as a fraction first when simplifying: a + b= %
Brackets can be hidden when writing a division as a fraction: y (4 + x) = 4+Lx

When doing the reverse, brackets must be put in: 3 _6 M _—(3-m)=6

Phrases as algebraic expressions
To solve problems with algebra we use variables to turn the problem into an algebraic rule (or relationship).

Addition and subtraction
Only Like terms can be added or subtracted.

Like t X -X 3b b 2y -5y
IKe terms:
L Like terms J L Like terms J L Like terms J
Not Like terms: y b P p2 x -y
L Not Like terms —T T— Not Like terms —T L Not Like terms

/ .
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Table of values
These show how one variable changes when another variable in a given rule is changed

Rule: y=2x+ 2 P’ 1 o) 3
y 4 6 8
x=1 x=2 x =
y=2x1+2 y=2x242 y=2x3+2
=4 =6 =8

Modelling number patterns
This is a fancy way Mathematicians say "find the algebra rule for the pattern"

The rule can be found using two methods:
1. Comparing the diagram number with the number of shapes in it.
2. Comparing the number of shapes with the number of objects used to make each diagram.

Tables of values help with both methods

+2 +2 <———This means 'n' is multiplied by 2 in the rule

After looking at the first values of n = 1 and s = 4, the rule must be: s = 2n+ 2

Using the general rule
The number of shapes/objects in a particular part of the pattern is found by substituting into the
general rule.

How many Squares (s) are there in the 20* pattern if s = 2n+ 2?

when n= 20, s = 2x20+ 2 = 42 squares.
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Answers

Words and symbols

Algebra Basics J

Mixed simplifying concepts

1. @ The variableis b 0 The variable is m 2. ©2xd=3 O (a+4)=+b
©® The variableis k @ The variableis a ' [c RUEEICRY)) 0O IxI=(—k
........................................................................................................................ O 5xbxb(axa+2xb)

O “Txxxyxz+(x+7Txy)

........................................................................................................................ Phrases as algebraic expressions
3. 14—kif x=4 20
i1 n+7 9—n
4xmif m=5 10 o o
27+aif a=3 9 + O@6xn+tl=6n+1 @ 4xn=4n
1+37xzif z=3 7 °n43-2 O -6
........................................................................................................................ ® 2(1—5) o 21n-8
4. =8 h=12 k=18 =6
Oc o © Oy 010+% O nn+5)
r—— TR
- i 2. @ Correct O Incorrect @ Correct
1. @ 14k Ou 0O s5pr 0 12kl : 0 Incorrect @ Incorrect @ Correct
0O 18»2 O 12kl ® Incorrect () Correct © Incorrect
........................................................................................................................ O Correct
2. ® 4xpxgqg 0O 4xaxa O 3xmxmxn
........................................................................................................................ _ Addition and subtraction
3. @ 14 0: O 30 O 36
i 1. @ 10a O 8u 0O s5r 0O -3¢
Division O -2m @ -% @13 0 5
5 . s e
1. @ = a :
07 0. 0.3 0 2. @ 25m+9n @ lda+ 116 @ 16x+24y
2. @ w4 O c-(+a) ©6d-5 @ 18e+2a @ —2g—4h

Grouping like terms

3. @ a3 0O b+2c 1. @10at7h @ 11p°+22p @ —23m
O 3x 4y © (m+n)=3p L @ 4-13x O12+8¢ @ 16a>+4b—3a
T : 11 -5
Mixed simplifying concepts 2. © y+§x (b p12 P
Sa m M ........................................................................................................................
1. © O i+ abc 4x — 3y 8a + 6b
16p %2 d*f 3 O Tx—2y o 5a°
o 9q e y+2x 0 11 +ef
P

Algebra Basics

Mathletics  © 3P Learning Ltd SERIES TOPIC

-



Answers Algebra Basics J

Escape from Algebra Island Puzzle Tables of Values
LO|v| o | 1] 2] 3|4
u| 2 3 4 5 6
Old| 0|1 |2]3]4
c| O 2 4 6 8
Ol 1|2 |3 4|5
g 1 | 5 9 13|17
O x| 2| 4|6 ] 8|10
vyl 213 4|56
alo[2]4]6]8 b 20t 3
b| 23415
- lal1]2]3]4]s L _atd
Bringing all the previous concepts together bl 1|6 111621 2
L 08 053 = lefof1]2]3]4 b 2
i b| 0|3 6|9 |12
(< I 0?2
........................................................................................................................ [oli[2]s]s b s
2. O3 0 27
03 05 s@[x] o1 [ 213734
3. @ 54 0 30 y 361718179
0 0 -9 Oolm| 0| 1] 2]3]4
........................................................................................................................ a1 o 4 g | 10| 16
4. © 7 0O -6
1 2 4
O 60 O -6 @0 3
........................................................................................................................ 3 2 -1 0 1
5. 2 6. 1
Olcl o1 |2]|5]|6%6
d 5 1 3 15 19
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Number patterns More number pattern modelling

1. @ (i) Starting with one smiley face in the first L. ®m= 3 xn+ 1]
diagram, 2 smiley faces are added to ’ ' ‘
each diagram every time.

Om= 4 n+ 1
(i)1,3,5,7,9, .. ! ; .

O (i) Starting with three arrows in the first o m : 4 ,n : S
diagram, 4 arrows are added to each

diagram every time Om= 9 n _ 5

(i)3,7,11,15,19, .. T

© (i) Starting with 6 triangles to form the first
diagram, 6 triangles are added to each , ! ,
diagram every time. . Ot= 5 n - 1

(i)6,12,18,24,30, ...

2. © (i) Diagram number | 1 | 2 | 3 | 4
Number of hearts | 2 5 8 | 11

i) 20
(i) Using the general rule
oW Diagram number 112]3]4 1. @ 16 points © 32 chickens
Number of hexagons | 3 | 8 | 13 ] 18 ©® 25 shirts @ 12 vegetarion meals
(ii) 33 e L
L 2. 58 - 3.39
o () Diagram number 1| 23] 4 |} e —
Number of matchsticks | 3 | 7 | 11|15 4. 52 5. 70
iy27
(i) 6. 77

Modelling Number Patterns

1-Qm=: 3 i><s+: 1

on= 2 1 1
@c= 1 r+ 1
OZ=: 7 :p

et _
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