Chapter 3
Algebraic expressions and Indices

3A – Algebraic expressions
3B – Simplifying algebraic expressions
3C – Expanding algebraic expressions
3D – Expanding binomial products
3E – Factorising algebraic expressions
3F – Simplifying algebraic fractions:    Multiplication and division
3G - Simplifying algebraic fractions: Addition and subtraction
3H – Index laws for multiplying and dividing
3I – Powers and powers, powers of fractions and the zero index
3J – Negative indices, algebraic bases
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B A pronumeral (or variable) is a letter used to represent an unknown number.

B A term is a group of numbers and pronumerals connected by multiplication and division;

e.g. 2x, ﬁ, 5x%.

B Algebraic expressions are made up of one term, or two or more terms connected by addition or
subtraction;

e.g. 2x,3a+7b, % +3y,3x—4.
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Express the following with positive indices.
a x? b 4y2 ¢ 2a73p?
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Now you try

Express the following with positive indices.
a b b 3a?

c

4x

~2.4
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Rewrite the following with positive indices only.
1 p 4 ¢ D

a —
b X3 ab™
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Now you try

Rewrite the following with positive indices only.

1 3
a3 J =
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Simplify the following, using index laws. Express answers with positive indices.

25 b 4(12 ‘51)72

Xy xx

g 4

Xy
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Now you try

Simplify the following, using index laws. Express answers with positive indices.
22yl x a2yt y x3)2)2

x0y? bl
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* A constant term is a number with no attached pronumerals; e.g. 7, —3.
® The coefficient is the number multiplied by the pronumerals in the term;
e.g. 3 is the coefficient of y in 2x + 3y.

—4 is the coefficient of x in 5 — 4x.
1 is the coefficient of x2 in 2x + x>

This expression has 3 terms: 3x, 2y and 4.

3x-2y+4
3 is the —2is the 4 is the
coefficient coefficient  constant
of x of y term

M Operations in algebraic expressions:
® The operations for addition and subtraction are written with ‘+* and *—’.
* Multiplication is written without the sign; e.g. 3 X y = 3y.
* Division is written as a fraction; e.g. y + 4 = i or 3—1\
B To find the value of an expression (or to evaluate), substitute a value for each pronumeral. The
order of operations is followed. For example, if x =2 and y = 3:
dxy—y? =4x2x3-3%
=24-9
=15
Key terminology: expression, pronumeral, variable, term, constant term, coefficient, substitute,
evaluate
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Consider the expression J%y — 4x + 3y? — 2. Determine:
a the number of terms

b the constant term

¢ the coefficient of:

iy i x
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Now you try

. . X .
Consider the expression 4y — 3~ 2x2 + 1. Determine:

a the number of terms
b the constant term
¢ the coefficient of:
iy i 2




image6.png
‘Write algebraic expressions for the following.
a three more than x

b 4 less than 5 times y

¢ the sum of ¢ and d is divided by 3

d  the product of a and the square of b
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Now you try

‘Write algebraic expressions for the following.
five more than y

7 less than 3 times x

the sum of a and b is divided by 5

the product of x and the square of y

2o oo
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Find the value of these expressions when.x =2,y =3 and z = —5.

a xy+3y b y? —% € 2x—)yz
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Now you try

Find the value of these expressions when x = 6, y = =2 and z = 4.

a xz+2x b x2+§ ¢ 3z—xy
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3B Simplifying algebraic expressions
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Lesson starter: Equivalent expressions

Split these expressions into two groups that are equivalent by simplifying them first.

3x + 6x 17x — 5x X+ Tx+x dx+3+5x-3
24y
2% 6x 2—” 3rx3 3x—2y+ 9+ 2y
y
8x + 6x — 2x 18¢ 2 92 6x — (=6x)

X
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B Like terms have the exact same pronumeral factors, including powers; e.g. 3x and 7x, and
4x%y and —3x%y.
® Since x X y =y X x, 3xy and 2yx are like terms.

B Expressions in which like terms are added or subtracted can be simplified.
For example, 5x + 7x = 12x
Tab — 6ab = lab = ab
But 3x + 2y cannot be simplified.
M Like terms are not required when multiplying and dividing.

* In multiplication, deal with numerals and pronumerals separately:
For example, 2 X 8a =2 X 8 X a = 16a

6xx3y=6Xx3xxxy=18xy

B When dividing, write as a fraction and cancel common factors:

gl

For example, == 4x

Key terminology: like terms, pronumeral
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‘Write down the like terms in the following lists.
a 3x, 6a, 2ax, 3a, 5xa b —2ax, 3x%a, 3a, —5x%a, 3x
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Now you try

‘Write down the like terms in the following lists.
a 4a,3b, 5ab, 2a, 2ba b —x%y,

w

X2, 2xy, 4x, 42 y
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Simplify the following.
a 4a+5a+3 b 3x+2y+5x—3y € Sxy+2xy> — 2xy +x)?
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Now you try

Simplify the following.
a 7x+3x+2 b 2a+4b+3a-2b ¢ 4mn+3m*n —mn + 2m*n
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Simplify the following.
a 2ax7d b —3mx8mn
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Now you try

Simplify the following.
a 4xX5w b —2a X 6ac
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Simplify the following.

n % b 12a%b + (8ab)
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Now you try

Simplify the following.

a % b 952+ (15s1)




image21.png
3C Expanding algebraic expressions
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Expanding
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B The distributive law is used to expand and remove brackets.

B The terms inside the brackets are multiplied by the term outside the brackets.

AN AN

a(b+c)=ab + ac a(b—c¢)=ab - ac

For example, 2(x+4) =2Xxx+2x4 and 2(x—4)=2Xx-2x4
=2x+8 =2x-8

Key terminology: distributive law, expand
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Expand the following.
a 2(x+5) b 32x-3) ¢ 3y(2x+4y)
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Now you try

Expand the following.
a 3(x+4) b 53x-2) ¢ 4a(a+5b)
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Expand the following.
a —3x-4) b —2x(3x—2y)
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Now you try

Expand the following.
a —4(x-5) b —3y(2x —4y)
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Expand and simplify the following.
a 8+4+3(2x-3) b 32x+2)—4(x+4)
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Now you try

Expand and simplify the following.
a 5+24a-3) b 5(y+3)-2Q2y+5)
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3D Expanding binomial products
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B Like terms have the same pronumeral part.
® They can be collected (added and subtracted) to form a single term.
For example: 7x — 11x = —4x and 4a*b — Tha* = —3a?b.

B The distributive law is used to expand brackets.

N
clopgallurigad (a@:ac+ad+bc+bd

and a(b — ¢) = ab — ac

a a b
b| ab c| ac be
c| ac d| ad bd

(a + b)(c + d) is called a binomial product because each expression in the
brackets has two terms.
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B Perfect squares

(a+b)2:(@b):a2+ah+ha+b2

=a?+2ab + b?
(a—b)2:(@b):a2—ah—ha+b2
=a?—2ab + b?

B Difference of two squares
(a+b)a—b)=a*—ab + bd — b*

2 2
=a° - b”
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Expand and simplify.
a -3(x-5) b —2x(1-x)
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Now you try

Expand and simplify.
a —2(x+3) b —5xBx-1)
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Expand the following.
a (x+5)(x+4) b 2x-1D@Bx+5)
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Now you try

Expand the following.
a (x—Dx+7) b GBx-2)4x-1)
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Expand these perfect squares.
a (x+2)?
b (x—4)
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Now you try

Expand these perfect squares.
a (x+3)?
b (2x-1)
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Expand to form a difference of two squares.
a (x—3)x+3) b 2x+D@2x-1)
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Now you try

Expand to form a difference of two squares.
a (x+5)x-5) b Bx-2)(3x+2)
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3E Factorising algebraic expressions
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Expanding
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B Factorisation and expansion are opposite processes.

B When factorising expressions with common factors, take out the highest common factor (HCF).

The HCF could be:
® anumber HCF of 2x and 10
For example: 2x + 10 = 2(x + 5) /
® apronumeral 2x+10=2(x+5)
For example: X +5x=x(x+5)
* the product of numbers and pronumerals Expanded form Factorised form

For example: 2x* + 10x = 2x(x + 5)
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B A factorised expression can be checked by using expansion.

For example: <~
Or CXAMPE: 5% + 3) = 2¢ + 10x

Key terminology: highest common factor, factorise, term




image45.png
Determine the HCF of the following.
a 8aand 20 b 3xand 6x ¢ 10a® and 15ab
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Now you try

Determine the HCF of the following.
a 10xand 25 b 7xand 14x ¢ 9yzand 15)*
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Factorise the following.
a 4x+20 b 6a— 15b
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Now you try

Factorise the following.
a 3x+15 b 12m—18n
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Factorise the following.
a 8y+ 12xy b 42— 10x
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Now you try

Factorise the following.
a 9a+ 24ab b 152 —35x
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ENRICHMENT: Taking out a binomial factor = \ 12 |

12 A common factor may be a binomial term, such as (x + 1).

For example, 3(x+ 1)+ x(x+ 1) has HCF = (x+ 1), s0 3(x + 1) + x(x+ 1) = (x+ 1)(3 +x), where (3 +x)

is what remains when 3(x + 1) and x(x + 1) are divided by (x + 1).

Use the method above to factorise the following.

a 40+2)+x(x+2)

b x(x+3)+2(x+3)
c x(x+4)—T7x+4)
d
e
f

x2r+ 1) =3Qx+ 1)
2x(y—3) +4(y—3)
2x(x— 1) =3(x—1)
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3F Simplifying algebraic fractions: Multiplication
and division
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B Simplify algebraic fractions by cancelling common factors in factorised form.

4r+6_2Qx+3)
2
=2x+3

For example,




image54.png
B To multiply algebraic fractions: (41! 15y

L _=Z£
* Factorise expressions if possible. W, x 441y, g
* Cancel common factors. B
®  Multiply numerators and denominators together.
B To divide algebraic fractions: 2 . 8
*  Multiply by the reciprocal of the fraction following the x-2) - 3(x—2)
division sign (e.g. the reciprocal of 6 is é, the reciprocal Zl 3(x—2),
= X —
a. b - 1 8
of =is=).
b a

Tl

* Follow the rules for multiplication.

Key terminology: algebraic fraction, common factor, factorise, numerator, denominator, reciprocal




image55.png
Simplity by cancelling common factors.

a Bxy b 3x+2
12x 6(x +2)
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Now you try

Simplify by cancelling common factors.

a 18ab b S(x—1
8b 15 —1)
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Simplify these fractions by factorising first.
Q=12 b 4x+38

a
3 55 2
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Now you try

Simplify these fractions by factorising first.

16x—8 b 3x—6

73 =2
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Simplify these products.
12 10x
5%
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Now you try

Simplify these products.

20_ 6x
2 20, 6x
%25

b 4(.>c+2)><

SN,
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Simplify the following.

322 . 9x
a =X
8 4
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Now you try

Simplify the following.

702 . 14x p 3G+D x+1
105 4 12
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5 . 6
8x+4 (24 1)
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3G Simplifying algebraic fractions: Addition
and subtraction
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M To add or subtract algebraic fractions:
® Determine the lowest common denominator (LCD)
For example, the LCD of 3 and 5 is 15,
the LCD of 4 and 12 is 12.
*  Write each fraction as an equivalent fraction by multiplying the denominator(s) to equal the
LCD. When denominators are multiplied. numerators should also be multiplied.

* Addor subtract the numerators.

For example: = + 2 SEAC) ar &(X -

3 5 3x5 5 (x3)

15 15

_lix
15

(LCD of 3 and 5 is 15.)




image66.png
For example: ZE_ E 2R

£ (LCD of 4 and 12 is 12.)
4 12 4xx3 2

_6x x

12 12

_5r
12

seap il

B To express with a denominator of 12, both the numerator and denominator must be

multiplied by 4 with brackets required to multiply the numerator:
x+1) (x4) _ dx +4
3 (x4 12

Key terminology: lowest common denominator, equivalent fraction, algebraic fraction, numerator,
denominator
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Simplify the following.

X X
aat3

[STE

DN




image68.png
Now you try

Simplify the following.

X X
a3ts

W=

ol
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Simplity the following algebraic expressions.

D

TS

=
e

w

®

S
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Now you try

Simplity the following algebraic expressions.
2=3_ &

@ 10 15
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3H Index laws for multiplying and dividing
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Write each of the following in index form.
a 5Xx5x5 b 4xxxxx4xx C aXxbxbxaxbxb
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Now you try

Write each of the following in index form.
a 3x3x3x3 b 7XyX7xXyxy C mXmXnXmxn
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Simplify the following.
a x' xxt b @*b* x ab® ¢ 3x%y x 4xdy?
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Now you try

Simplify the following.
a Oxx b Py xayt ¢ Sab® x2a°b*
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Example 27

Simplify the following.
a p=p

b 12m® = (6m°)
42y*

8xy?

c
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Now you try

Simplify the following.
6a°p*

a b +b? b 20a® + (8a?) C oo
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2a°b x 3a’b’

Simplify T
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Now you try

4ab® x 3a°b*

Simplify T
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3l Powers of powers, powers of fractions
and the zero index
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Evaluate the following.
a 40420 b 3a ¢ (=3)"+6x0
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3A Algebraic expressions
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Now you try

Evaluate the following.
a 50-3°0 b 4y0 ¢ (=2)°+3p°




image83.png
Simplify the following.
a () b 3(/4?
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Now you try

Simplify the following.
a (y’)° b 50m?)*
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Simplify the following by using index laws.

a (25 b (2
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Now you try
Simplify the following.

a (3m)®

b (@*h?)*
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Simplify the following.

2, 3.2 N\ 4
g EEIRIEY - (>)<2.;c y b (“) ¢ (27 + ()
xy”
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Now you try

Simplify the following.

4a2b% x 3a*b b (

2 0
b c (51n4) + (5m)

e
ol
==
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3J Negative indices, algebraic bases
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Lesson starter: Continuing the pattern

Complete this table to consider the value of powers of 3, including negative powers.

33 32 3! 30 3! 372 33
1 1
27 9 l=—
9 32
N AN A N A
+3  +3 +3
Now complete this table.
x3 Xz xl x° x’l X72 x’3
£ 2 L
1 1 X2
N AN A N A
+x =X +x
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B The following is true for numerical bases:

3 2SI,

32 3-2
(372 is the reciprocal of 3%)
1

Similarly x~2 = é and == =’

B The negative index only applies to the pronumeral or term it is a power of.

F 475 _ Lo s 2b°
or example, 2a*bp> =2 X —X b
a* ra

B All the index laws can be applied to negative indices.

Key terminology: index/indices, base




