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1. Linear expressions

1.1 Simplifying expressions
Algebra is the part of Mathematics in which we use letters to replace unknown numbers.
3x + 5x - 4x + 2x is an algebraic expression, x is the unknown.
The expression is linear because the highest power of xis 1.
We also say it is an expression of degree 1.

3x, 5x, -4x, 2x are all the same power and letter, we call them like terms.
We can simplify the expression by collecting like terms, 3x + 5x - 4x + 2x = 6x.

Example - Simplify 7x + 3 - 4x +11 + 2x Example - Simplify 5x + 4(5x + 3)
(Remember: Expanding brackets from Module 1.)

Tx+3-4x+11+2x=Tx-4x+2x+3 + 11

=5x+ 14 S5x+4(5x+3)=5x+20x+ 12=25x + 12
Practice

i. Simplify:

a) 3x + x+ 4x + 2x b) 9y - 3y + 2y c)9x+2-7+3x d)4x+ 1+ 3x+2+x e)5x-2-3-x

f) 9x + 3y - 8x g)2a-6b-8a h)éx+5y-2x+3y i)-2z+3y-4y+6z+x-3y

D 2x+4(x+1) k) 3y + 3(y - 5) 1) 6(2x - 3) + 2x m) 2(a + 4) + 3(a + 5) n) 8 - 3(2 - 5z

ii. The expression in each box is made by adding the two expressions below. In pairs fill in the missing
expressions. Compare your answers with another group and correct any mistakes together.

56x+ 36

5(4 + 3x) 9(x-2)

320 7 5% 79 + 5(4-3x)

Think
Some of the questions above involve adding, subtracting and multiplying using negative numbers.
We studied this in module 1. Can you remember? Try to fill the gaps:

ax(h=-_ Cax(_  )-ab

{ )y:b=-ab (a):-(-b=

The four rules above are called general rules. They are true for a// numbers.
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1.2 Factorising
Factorising is the opposite of expanding brackets. We can use factorising to simplify expressions. To
factorise we look for common factors of the terms in the expression.

Example - Factorise 6x + 18 Example - Factorise 9ax + 36a

6x+ 18=6x+6x3=6(x+3) 9ax +36a = 9ax + 9a x 4 = 9a(x + 4)

Think

Look at the examples above. What do you notice about the numbers outside the brackets?
(Hint: We studied this topic in Module 1). Complete the sentence:
To factorise completely the must be outside the brackets.

Practice

i. Find the Highest Common Factor (HCF) of these numbers

a) 6,8 b) 12, 16 c)5 15 d) 24, 36 e)28,10 f) x, 2x g) 3x, 6x, 9x

ii. Factorise these expressions by finding the HCF of the terms

a) 5x - 20 b) 8x + 24 c) gx+ 4q d) Téax + 56a e)9x+ 12y f) 12x+9y + 3

1.3 Algebraic fractions

In Module 1 we learnt how to simplify fractions by looking for common factors in the numerator and the
denominator. We can simplify algebraic fractions in a similar way.

Example - Simplify 32 Example - Simplify 24(2—0)
S6y a-b
32xy _ 4Ax8xxxy 4x 2a(a—b)_2><a><(a—b)_2a
56 y Tx8xy 7 a-b a—b B
Practice
Simplify
a2 R gl e X g XY
8 b 6a 15xy 49xz X(x-y)
a) 4x h 12xy ; 8(x -y) i) 4+a
8(x-v) 48y(x +Y) 12x(x -y) (4+a)(6-b)

Sometimes we must factorise before we can simplify.

Practice

Example - Simplify 12a-4b 4
3a—b a) a b) 3a-6b
24 4“3 ; 8a-2b 5a-10b
a-4b _4QBa-b) _, o a) 2412y
3a-b 3a->b 9x - 3xy bx -2y

We also learnt in Module 1 that we add and subtract fractions by writing them as equivalent fractions with
the same denominator, 2 1 _2x5 1x3 10 3 _ 13 We do the same with algebraic fractions.
3 5 3x5 5x3 15 15 15

Example - Simplify §+£ Example - Simplify _x+3 __x+1
X y 4 3
§+E _3xy+2xx  3y+2x x+3 x+1_ 30(c+3)-4(x+]) 3x+9-4x—4 S5-x
Xy xy  xy 4 3 12 12 12
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Practice

Simplify
q)l+l b)§+i C)i.{.i d)i_i e)i_i f)i_f_g
X Yy a 2b 2x  3x 8p 49 2a 4b 8x 4y
X+2 X-1 2X+3 X-2 S X+3 X+2 N 3X+1T 2X+3
g) +— h) - i) - )] -
5 4 4 6 7 5 14 21
K) L (4-3%)+ 1 (3-x) )L 4-x)-1(2+3%) m)SX=1), 2+ 1) 221 Akx+3)
5 10 9 6 4 3 2 5
We also multiply and divide algebraic fractions in the same we way we mulitply and divide fractions.
Think
Write each step that is used to solve the division problem
a+2b  2a+b
8 4
_<:1+2b>< 4
-8 2a+b
_4({a+2b)
8(2a+b)
_a+2b
~ 2(2a+b)
Practice
Simplify:
2 4 a c x-y 5 a p 1 a-b a+b Xx-2
Zx= b)—=x= T d)— Laa f——= Z e (x+3
V35 Poa 9% IS Y13 9)=5 +0+3)
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2. Linear equations

2.1 Solving linear equations

On this side there are 2 marbles
and 3 boxes with an unknown
number of marbles in each. The
number of marbles in each box is

the same. /
00)

On this side there are 8 marbles
and 2 boxes with an unknown
number of marbles in each. The
number of marbles in each box is

& the same.

The scales can only balance if the two sides are equal.

Let x be the number of marbles in each bag. Algebraically we can write:
3x+2=2x+8

Subtract 2x from both sides

x+2=8
Subtract 2 from both sides x=6

The solution to the equationis x = 6.
/ There are 6 marbles in each bag.

When we are solving an equation we have to do the same to both sides

Practice

In pairs write equations for x, the number of marbles in each box. Then find x.

a) b)

c) d)
JAVAYIAY

[
Example - Solve 11x-6=8x+9

4 I
Example - Solve 6(3x +5) =12 + 5x

Subtract 8x from both sides 3x-6=9 Expand the brackets 18x +30=12 + 6x
Add 6 to both sides 3x=15 Subtract 6x from both sides 12x +30=12
Divide by 3 x=5 Subtract 30 from both sides 12x=-18

. Divide by 12 x=-15

Practice - <

i. Solve

a)x+3=7 b)?9+a=15 «¢)5z-9=16 d)19x-16=22 e)9=6a-27 f)8x+11=3

ii Solve

a)3x+4=2x+8 b)2x+5=5x-4 ¢)7x-25=3x-1 d) 11x-6=8x+9 e) 12+ 2x=24-4x

9-3x=-5+4x g)5-3x=1-x
ili. Solve
a)3x+2x-4x=6 b)éx=x+2-7-1

e)2x+7-4x+1=4 f) 15x + 2x - 6x-9x =20

h) 4 -3x=1 - 4x

c)7+2x=12x-7x+2

i)3-2x=3+x

d)2-4x-x=x+8
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Think
In this question the solution to the problem is given step-by-step. Next to each step write down
what was done.

3(2x+ 1)+ 6+2x=3x-4-2
bX+3+6+2x=3x-4-2

8x+9=3x-6
5x+9=-6
5x=-15
x=-5
Practice
Solve
a)2(x+4)=3(2x+1) b)2(2x-1)=6 ¢€)6(3x+5)=12 d)7(2x-1)=5(3x-2) e) 4(3x+2) =14

f)x-4(x+3)=3 g)5-3(x-4)=6 h)3p-2=4-3(p +2) i) 7(5-x) =3(x-5)
D 5(x-2)-3(x+1)=0 k) 3x-4(1-3x) =2x-(x+ 1)

2.2 Using linear equations

Here we will study how to use linear equations to solve word problems. There are 2 examples and some
problems to solve.

4 ] I 4 )
Example - Aye Mon has x baht. Mi Chan has 6 Example - The sides of the rectangle are x cm
baht less than Aye Mon. Together they have 30 and 3 cm. The perimeter is 24 cm. Find x.
baht. How much has Aye Mon? X cm
The sum of Aye Mon and Mi Chan’s money is 30 3 cm 3 em
baht:

x + (x - 6) =30 baht
2x - 6 =30 baht X cm
2x =36 baht i . )
;C ~ 13 b:ht The perimeter is equal to the sum of the four sides:
' x+tx+3+3=24
Aye Mon has 18 baht. _
\ ) 2x+6=24
2x =18
. =9
Practice \ r—oem J/
Solve the following problems
. A

a) The perimeter of d) A rectangle has two sides of length 2x and 2

the triangle is 24 cm sides of length 3x + 2. The perimeter is 44 cm.

and AB = AC. Xxcm X cm Find x.

Find AB. . .

e) The first angle is x. The
second angle is twice the
B C first. The third angle is 30°
6cm and the fourth angle is 90°.
Find the first angle. X

b) Moe Thein has x baht. George has 8 baht
more. Together they have 80 baht. How much
has Moe Thein?

f) The diagram shows a
c) Gay Htoo has x baht. Hser Hser has 6 baht 30 + x square. Find x.

less than Gay Htoo. Seik Nyan has 2 baht more
than Hser Hser. Together all three friends have
32 baht. How much has Gay Htoo? 45 - 2x
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2.3 Fractional equations

Some equations contain fractions. First we will learn how to solve fractional equations with the unknown
as the numerator.

~
4 1 ™ Example - Solvethe equation X4 1_ 1
Example - Solve the equation =¥ — 1 5 2
55 3 The lowest common multiple of 2, 5is 10.
Multiply both sides by 5: 2x = 3 Multiply both sides by the LCM:
X 1
Divideby2: x=2-2=2x1=> 10 #1025 =10
3 5 326 Cancel the common factors: 2x+5=10
kThe solutionis: x = 6 Subtract 5 from both sides: 2x=5
J
Divideby 2: x = %
Practice L )
i. Solve
aZ-s B&oi0 =X ) L B S A Jee i
3 5 2 3 5 7 4 17
ii. Solve
afillr X3l X2y QX0 g lly pFE Xis
3 4 54 39 7 2 3 2 4 2
In the following examples and questions we find the lowest common multiple of more than 2 numbers.
4 ) ( ™
Example - Solve the equation * z2_14 Example - Solve the equation * 4+ t1_8
5 3 15 5 4 5
The LCM of 5, 3, 151s 15. . ) The LCM of 5, 4, 5 1s 20. . il
Multiply both sides by 15: 15 x 5 +15 x 3" 14 Multiply both sides by 20: 20><g +20XT =32
Cancel the common factors: 3x +10 =14 Cancel the common factors: 4x + 5(x + 1) =32
Subtract 10 from3both sides: 3x=4 Expand the brackets and simplify: 9x +5 =32
Divideby 3: x = 1 Subtract 5 from both sides: 9x=27
Divide by 9: x=3
o /U )
Practice
i. Solve
@l X 19 gx B 1 g x 3 51 x 2 x5
3 4 2 4 2 4 27 2 6 8 4 123 9 5 15 9
3x 1 x 5 2x 3 7 5x 3 x 2 2x
9) T rp=nts MDD S2E s Xo Sl
4 3 2 8 9 4 18 12 5 9 15 45
ii. Solve
q)é_x+3:l b)Q_X_g:L C)X+3+E:i d)x+2+ﬂ:l e)g_x_ﬂzé
4 3 2 5 8 10 5 4 10 4 2 2 3 9 6
iii. Solve
gl 2118 43,2 1 43 1 1 1.3 3.2
2 X 3 x 15 8§ x 6 2x 4 3 2 2x 2x 5
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3. Graphing Linear Equations

3.1 Introduction
Look at point A on the graph. It has the coordinates (5,5).

74 The x-coordinate is 5 and the y-coordinate is 5. We can
> A draw a table of the coordinates of each point
4
3 X y xy)
3 4 4 (-4,-4)
- 3 3 (-3,-3)
> 1 1 1,1)
s| -4 -3] -2 -1 1 1 2| 3] 4 s x 3 3 (3.3)
. 5 5 (5,5)
2 . . .
—~ We can see that for each point the x-coordinate is the same
~ as the y-coordinate, i.e.
~ x-coordinate = y-coordinate
y=x
y =x1is the equation of the line.
Think
i. Complete the table to give the coordinates of each Vg
point on the graph. 5
x y (<) s
2 3
2
2 1
s| -4 -3] -2 -1 T2 3 4 5 7
ii. Draw a straight line through the points. -1
ili. What is the relationship between the x - coordinate and -2
the y-coordinate of each point? 3
iv. What is the equation of the line¢ =
-5
Practice
i. Complete the table for each given equation
a)y=x b)y=-x c)y=3x
X y x.y) X y x.y) X y x.y)
-5 -5 -5
-2 -2 -2
0 0 0
1 1 1
5 5 5
d)y=x/2 e)y=x+1 f)y=3x+1
X y x.y) X y (x.y) X y xy)
-5 -5 -5
-2 -2 -2
0 0 0
1 1 1
5 5 5
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X y x.y) X y x.y) X y xy)
5 5 5
2 2 2
0 0 0
1 1 1
5 5 5

iil. On graph paper plot the points for each set of coordinates a) - i) and draw the straight line

ili. Use the graphs to find the value of y when x = 0 for each equation

3.2 The gradient of a line
You will notice that the graphs in the previous question have different slopes or gradients.

Some lines slope steeply to the right. ) Some lines slope to the left.
They have large positive gradients. They have a negative gradient.

v A

9 4

“V
&

Some lines have a shallow slope to the right.
They have a small positive gradient.

the difference in the y - coordinates

To find the gradient of a line we choose two points and calculate: - - -
the difference in the x - coordinates

g ) . . )
Example - Find the gradient of the line y =-2x +3 JI/ 5
Write a table of values for coordinates of points on the line 5
X y (x.y) :
2 7 2,7) 7
0 3 0,3) 6
1 1 (1,1 5
2 -1 2,-1)
If we choose the points (-2,7) and (2,-1) then we have 2
. : : 1
Gradient = the d%fference%n the y - coord?nates _-1=7 _-8_ s S —
the differencein the x - coordinates 2—-(-2) 4 :
) \
. J
Practice

i. Use the method in the example fo find the gradient of each line
a)y=2x+3 b)y=2x-1 c)y=x+4 d)y=3-2x
ii. Look at your answers to i. What do you notice about the value of the gradient for each line?

ili. Give the gradient of the line y = 4x + 1 without any calculation.
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3.4 Using graphs to solve problems
We can use graphs to solve real-life problems

~
Example - A woman walks at a speed of 4 kilometres an hour. {5‘
a) Make a table of values of time travelled, x against distance travelled, y ' /
b) Draw the graph of the table of values 3
¢) Use your graph to find how far the woman walks in 3 1/2 hours .
11
a) The completed table is Lo /
Time travelled in hours, x 0 1 2|3 4 9 /
Distance travelled in km, y 0] 4| 8 |12]16 8
7
b) If we plot the points in the table we have the graph on the right (note that p /
time and distance are positive so we only need positive axes). 5 /
4
¢) If we draw a vertical line from x =3 1/2 to the graph and then draw a 3
horizontal line to the y-axis, we see that the woman walks 13 1/2kmin 3 1/2 ) /
hours. 1 /
0 1 2 3 4 5
- /
Practice

Solve the following problems
i. A boaft travels on the Salween river at a speed of 3 kilometres an hour.
a) Complete this table of values

Time travelled in hours, x 0 1 2 3 4
Distance travelled inkm, y | 0 3

b) Draw the graph for the table of values
c) Use the graph to find how far the boaft travelled in 2 1/2 hours.

ii. In Burma miles are used to measure distance. In Thailand kilometres are used. To change between
miles and kilometres we can use the approximate relationship 5 miles = 8 kilometres.
a) Complete this table of values

Distance in miles, x 0 5 10| 15| 20 | 25
Distance in kilometres, y 0 8

b) Draw the graph for the table of values
c) How many miles is approximately the same as 14 kilometres?

ili. To cookrice Thee Thee uses 1.5 cups of water for every cup of rice.
a) Complete this table of values

Number of cups of rice, x 1 2 3 4 5 6
Number of cups of water, y | 1.5

b) Draw the graph for the table of values
c) How many cups of water does Thee Thee use fo make 5.5 cups of rice?
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4. Formulae

4.1 Introduction

A formula is a rule that gives a relationship between unknowns (the plural for formula is formulae). Here
are some examples of formulae that you may have seen before.

b
s 1 h
Circumference=27r  Volume=s’ b
Distance =speed x time ~ Area= 71’ 1
Area= —bh
) ) Area=1xb 2
Look at the difference between a formula and an equation:

C= 7z xdisaformula C= 7 x2.51s an equation
Substituting any value for d will give a value for C. The equation is only true for one value of C:
Substituting any value for C will give a value for d. C=785(to2d.p.)

4.2 Constructing formulae
We can use given information to construct formulae.

(- . : N
Example - The perimeter of the square is 7. (Example - Aung Aung goes to the market and

Write a formula for 7. / buys, x kg of potatoes, y g of coffee and (x + a) kg
of rice. Write a formula in grams for the total
P=1+1+1+1 weight, T.
P=4] /
L ) If we add all three quantities we get:
- ~ | T = 1000x + y + 1000(x + a)
Example - Sam and Oo are playing caneball. If = 1000x + y + 1000x + 1000
one player wins a game they get 3 points. If the =2000x + 1000a + y

game is a draw™, both players get 1 point. Write a

i ) =10002x +a) +y
formula for Sam’s total score, T, if he has a wins

Note: We multiply x and (x + a) by 1000, because

and b draws. the question asks for the answer in grams.
We multiply the number of wins by 3 points and \_ Y,
add the number of draws to get: Think

L T,=3a+ b Oo has 3 wins less than Sam and 4 draws more.

Write a formula for Oo's total score, T .

* A draw means the scores were equal at the end of the game.
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Practice
i. Write a formula for the perimeter, P, of each shape. Simplify your answers.

b) c) ! m d)

w / / c

q)

ii. Write a formula for the areq, A, of shape d)

ili. To visit his friend at the university Min Thaw walks x m to the road and then travels y km by bus.
The university is (x - a) m from the bus stop. How far does he fravel in kilometres?

iv. Do this exercise in pairs.
a) In the English football league teams score 3 points for a win and 1 point for a draw. At the end of
2007 Manchester United had x wins, y draws and z losses. Write a formula for their fotal number of

points, T .
b) Now copy the table info your books and complete it using the information below

Team Win Draw Lose
Manchester United X y z
Chelsea y+6

Liverpool

Arsenal z+3

Chelsea won 4 games less, drew 6 games more and lost 2 less games than Manchester United.
Liverpool won 8 games less, drew 3 games more and lost 5 more games than Manchester United.
Arsenal won 9 games less, drew 6 games more and lost 3 more games than Manchester United.
c) Write formulae for Chelsea (T ), Liverpool (T ) and Arsenal’s (T,)total number of points.

4.3 Evaluating formulae
We can evaluate formulae by substituting values. The values can be positive, negative or fractional.

. . \
quample -x=L(1+at). Find x when L = 100, ) quample -L=P(2-a). Findawhen L =10 and
a=0.19 and 7= 80. P=40. . ‘
Substituting the values gives: Fl‘rs‘t we makeL a the subject of the equation:
DividebyP: £ _, _
x=100(1 +0.19 x 80) = 100(1 + 15.2) P
=100(16.2) = 1620 Add a to both sides and subtract  from
- J | bothsides: . L P
a=2—-—
- P
Example - The formula for the perimeter of a Now we substitute . = 10 and P =40:
rectangleis P=2(/ +w). Find P when / =8 1 a= Z_B = 2_1 = 12
1 2 40 4 4
and w=6— . J
4
P=28tie6ly=2x14> =201
k 2 4 4 2 )
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Practice

i. Look back at question iv. on the previous page. Use the values x =28,y =5 and z= 5 and your
formulae T, T, T, and T, to evaluate the points gained by each team.

ii. For each question find the value of the unknown by rearranging each formula and substituting the
given values

q)IfN—Q(p+q) findgwhen N=24 andp=5 b)IfS:—(O b), find bwhens=15and a=24
c) Ifd——(o+b+c) findawhend=16,b=4c=-3 d)IfH=P(Q-R), find Qwhen H=12, P=4 and R= -6

ili. Evaluate each formula to find the specified unknown. Give your answers to 2 decimal places.

C=2 _
:::I)ndCWﬁ;n b) c =+a? +b? €)C=2xth
r=3.9 and Find c when E?;g]h rvihfgr?d

=3.142 c: 3and b ’ h
T =9 7 =3tothe

nearest whole ——=
number.
iv. Temperature can be measured in two unitfs, degrees Celsius (°C) and Fahrenheit (F). A

temperature given in Celsius can be changed to Fahrenheit using the formula:

F_£+32
5

The table below gives the temperature for 6 cities. Use the formula to complete the information.
Give your answers to the nearest whole number.

_ Beijing | Bangkok | Tokyo |New York | London | Moscow
21 -7 3
F 95 74 63
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5. Simultaneous equations

5.1 Introduction

In chapter 2 we learnt how to solve equations with one unknown. Some equations have two or more

unknowns. Consider the problem: ‘Find two numbers with a sum of 8. Algebraically we can write:
x+ty=8

Where x and y are the unknown numbers we are looking for. There are different solutions to this equation,

suchasx=6, y=2orx=5.5y=2.5 Infact, there are an infinite number of solutions.

Now consider a different problem ‘Find two numbers with a difference of 8’. Here we can write:
x-y=28
Again, there are an infinite number of solutions to this equation.
If we combine the two sentences, then we have ‘Find two numbers with a sum of 8 and a difference of 8,
then we have a pair of simultaneous equations:
x+y=8
x-y=8
This pair of equations have one set of solutions for x and y. We will learn how to find this solution in the
following sections.

5.2 Solving by elimination

The numbers in front of unknowns in an equation are called coefficients. Ifthe coefficients of 1 unknown in
a pair of simultaneous equations are the same then we can add or subtract the equations. This eliminates
one unknown and allows us to find the solution.

. N\ ™
Example - Solve the equations Example - Solve the equations
x+ty=5 [1] x-2y=1 [1]
3x+y=17 [2] 3x+2y=19 [2]
Equation [2] - Equation [1] gives Equation [1]+Equation [2] gives
2x =2 4x =20
Divide by 2 x=1 Divide by 4 x=5
We substitute this value of x into [1] We substitute this value of xinto [2]
I+y=5 15+2y=19
y=4 2y=4
We check the answer by substituting in [2] y=2
3+4=7 We check the answer by substituting in [1]
This is correct so the solutionisx =1, y=4 5-4=1
. < This is correct so the solutionisx =5, y=2
. N\ J
Practice
Solve the following pairs of equations
i.
a) x+y=5 b) 2a+b =11 c)2x+3y=23 d)5x+2y =14 e)x+2y=12 f) 4p +3g=-5
4x+y=14 4a+b =17 X+ 3y =22 X+ 2y =22 x+y=7 7p+3g=-11
ii.
a) x-y=2 b) p+2g=11 c)4x+y=37 d)5p+3g=5 e) 3x-4y=-24 f) 5x-2y=4
3x+y=10 3p-29=1 2x-y =17 4p-39=4 5x + 4y = 24 3x+ 2y =12
iii.
a)2x-y=4 b) x-y=3 c)3p+59=17 d)2x-3y =14 e) 5x-2y =-19 f) 3x-y=10
X-y=1 3x-y=9 4p +59=16 4x-y =10 X-2y=-7 x+y=-2
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Ifthe coefficients of the unknowns are not the same, then we use a slightly different method

Consider the equations:

2x+3y=4

4x+y=-2

If we add these equations then we have: 6x + 4y =2. We have one equation with two unknowns and we

[1]
2]

cannot find the solution. However, if we multiply Equation [2] by 3 then we have:

2x+3y=4 [1]
12x+3y=-6 [3]
Equation [3] - Equation [ 1] eliminates y to give
10x =-10
Dividing by 10 gives: x=-1

We substitute this x =-1 into [1] to get -2 + 3y =4. Which gives us y =2. The solutionisx=-1 and y =2.
We check the answer by substituting into [2]: -4 +2 =-2. This is true, so our solution is correct.

N ~
Example 1 - Solve the equations Example 2 - Solve the equations
3x-2y=1 [1] 3x+5y=6 [1]
4x+y=>5 [2] 2x+3y=>5 [2]
Multiply [2] by 2 Multiply [1] by 3
8x+2y=10 [3] 9x + 15y =18 [3]
3x-2y=1 [1] Multiply [2] by 5
Equation [3] +Equation [1] gives 10x + 15y =25 [4]
Ix=11 Equation [4] - Equation [1] gives
Divide by 11 x=1 x=17
We substitute this value of x into [2] We substitute this value of x into [2]
4+y=>5 14+3y=5
y=1 3y=-9
We check the answer by substituting in [1] Divide by 3 y=-3
3-2=1 We check the answer by substituting in [ 1]
This is correct so the solutionisx=1, y=1 21 +(-15)=6
\ .. O
This is correct so the solutionisx=7,y=-3
Practice ~
i. Use Example 1 to solve the following pairs of equations
a) 2x+y=7 b) 5x-4y=-3 c) 5x+ 3y =21 d) 6x-4y=-4
3x+2y =11 3x+y=5 2x+y =3 5x+2y=2
e) 5x+3y =11 f) 20-3b=1 g)9x+5y=15 h) 4x+ 3y =1
4x+ by = 16 5a0+9%9b =19 3x-2y=-6 16x -5y =21
ii. Use Example 2 to solve the following pairs of equations
a) 2x+ 3y =12 b) 2x-5y =1 c) 5x+ 4y =21 d)9x+8y=17
5x+ 4y =23 5x+ 3y =18 3x+ 6y =27 2x -6y =-4
e) 2x-6by =-6 f) 6a+5b=8 g) 6x-5y =17 h) 17x-2y = 47
5x+ 4y =-15 3a+4b =1 5x+4y =56 5x-3y=9
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5.3 Solving by substitution

We can also solve pairs of simultaneous equations by substitution.

(Example - Solve the equations: ) Think
2x-y=-10 [1] Use the example to complete the steps and
3x+2y=-1 [2] solve the pair of equations:
Write [1] interms of y: x-y=8 0]
y=2x+10 x+y=7  [2]
Substitute in [2]: Write [2] in terms of y:

3x + 2(2x + 10) = 25 3]

Simplify: 7x+20=-1 Substitute [3] into [1]:
Find x: 7x=-21

x =3 Simplify:
Substitute this value of x into [1]: -6 -y = -10 PI:
y=4 S
Check by substitutingin [2]: -9 +8 =-1 nax
kThis is true so the solutionisx =-3, y=4 ) Substitute in [1] to find y:
Check the solution by substituting info [2]:
Practice
Use substitution to solve the following pairs of equations
a)x=4 b) m=-6n c)x+y=-3 d)x-y=-7 e)s+t=5 f)3a-5b =10
Xx+y=-3 -2m - 4n = -40 xX-y=-3 3x-2y=-16 25+ 3t=6 ba-b=2
g) x+y =100 h) 3x + 6y = 12 i) 1.5x-0.5y =4
0.5x + 0.6y = 55 -2x+ 5y =1 1.5x-2.5y =2

5.4 Using simultaneous equations
Here we will study how to use simultaneous equations to solve word problems.

rExample - A shop sells noodles and fried rice. 3 bowls of noodles and 4 plates of rice cost 142 baht. 2 )

bowls of noodles and 3 plates of rice cost 101 baht. Find the cost of a bowl of noodles and a plate of rice.

Let the cost of abowl of noodles be x and the cost of a plate of rice be y.
3 bowls of noodles and 4 plates of rice = 3x + 4y = 142 baht [1]
2 bowls of noodles and 3 plates of rice = 2x + 3y = 101 baht [2]
Equation [1] x 3 and Equation [2] x 4 gives
Ox + 12y = 426 baht [3]
8x + 12y = 404 baht [4]
[3] - [4] gives x =22 baht
Substituting in [1] gives 66 +4y =142, 4y =76, y = 19 baht

Check in equation [2]: 44 +57 =101. This is true to the solution is correct.
One bowl of noodles costs 22 baht and a plate of fried rice costs 19 baht.

\.
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Practice
Solve the following problems by forming a pair of simultaneous equations

a) The sum of two numbers is 20 and their difference is 4. Find the two numbers.

b) The sum of two numbers is 16 and their difference is 6. Find the two numbers.

c) Three times a number added to a second number is 33. The first number added to three times the
second numberis 19. Find the two numbers.

d) The total weight of 3 elephants and 2 giraffes is 2.5 tonnes. The fotal weight of 5 elephants and 4
giraffes is 5.2 tonnes. Find the weight of one elephant.

e) 1000 tickets were sold for an Ironcross concert in Yangon. An adult ticket cost 850 kyat and a child
ticket cost 450 kyat. The total money from ficket sales was 730,000 kyat. Let x be the number of adult

fickets sold and y be the number of child tickets sold. Find the number of adult tickets sold.

D C
f) xis greater thany. The difference v
between xandyis 18. Find x and y.
A B
g) The perimeter of the rectangle is 31cm. The
X difference between the lengths AB and BC is

3.5cm. Find the lengths AB and BC.
h) Work through this problem in pairs

Sequence 1 5 7 9 11 13 15 17 19 21 23
Sequence 2 |-23 -20 -17 -14 -11 -8 -5 -2 1 4
Sequence3 [ 56 49 42 35 28 21 14 7 0 -7
The table shows 3 three sequences of numbers that increase or decrease by the same amount.

(i) Choose any six consecutive numbers from a sequence (e.g 49, 42, 35, 28, 21, 14) and place them
in order into the pair of equations and solve the equations.

x+[y=
x+[y=

(ii) Choose six different numbers from a sequence and solve again. What do you nofice?
5.5 Solving by drawing graphs
We saw in Chapter 3 that we can draw graphs of linear equations of the form y =mx + ¢, where m and ¢

are numbers. Equations of this form give straight line graphs. If we have two equations we have will have
two straight lines. The point where they cross gives us the solution to the pair of equations.

Example - Draw a graph to solve the equations: v ¥ A
x+ty=4 y=1+x 5
X y xy) X y xy) 4
0 4 (0,4) 2 1 21 3
2 2 2,2) 0 1 (0,1) 3
4 0 (4,0 2 3 (2,3
5 1 (5,-1) 4 5 (4,5) — S B R N
If we look at the graph we can see that the lines cross at - ;
the point (1.5, 2.5). This gives the solution -
x=15y=25
\- J
Practice
Solve the following pairs of equations by drawing graphs.
a)x+y=56 b) y=4+x c)2x+y=3 d)y=5-x
y=3+X y=1+3x Xx+y=21/2 y=2+x
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6. Linear inequalities

6.1 Introduction
An expression in which the left hand side and the right hand side are nof equal is called an inequality.
These four expressions are all inequalities

x>2 means x is greater than 2
x<2 means x is less than 2
x>2 means x is greater than or equal to 2
x<2 means x is less than or equal to 2
Inequalities can be shown on a number line
0] > « @
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
-1 0 1 2 3 4 5 6 -1 0 1 2 3 4 5 6
This number line shows x> 2. The circle is open This number line shows x < 3. The circle is closed
because 2 is not included. because 3 is included.
Practice
i. Write the inequalities shown on the number lines
O > . @
a) | | | | | | | | €) | | | | | | | |
| | | | | | | | | | | | | | | |
3 2 -1 0 1 2 3 4 -5 -4 3 2 -1 0 1 2
b O > d <
) | | | | | | | | ) | [ | | ? l | l
| | | | | | | | [ [ I I I I I I
4 3 2 -1 0 1 2 3 3 2 A o 1 2 3 4
ii. Draw number lines to show the inequalities
a)x<4 b) x > -2 c) x< -1 d) x<4 e)x <0 fyx>0.5
Think

3>-6is true. Itis a true inequality. Complete each of the operations and say whether the inequality
remains frue. The first is completed as an example.

a) Add 4 to both sides 3+4>-6+4
7>-2 True
b) Subtract two from both sides  3-_>-6-___
>

c) Mulitply both sides by 2
d) Divide both sides by 3
e) Multiply both sides by -5

f) Divide both sides by - 3

Now, complete the statements to give the rules for solving inequalities.
To solve an inequalitiy you can: To solve an inequality we cannot:

the same number to both sides Multiply both sides by the same

the same number from both sides

_ number
Mulfiply both sides by thesame Divide both sides by the same
number number

Divide both sides by the same

number
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6.2 Solving inequalities
To solve an inequality we rearrange it so that the x term is on one side. This gives a range of values for x.
Always remember the rules from the previous exercise.

We can see from the number line that x > 2
and x > -1 are both satisfied in the range:
x> 2

N

O

We can see from the number line that x < 2
and x > -1 are both satisfied in the range:
-1<x <2

\.

~

Example - Solve 3x +4 >22 Example - Solve 6 - 5x > 3x +2

Subtract 4 from both sides 3x > 18 Subtract 2 from both sides 4 -5x > 3x

Divide by 3 x>6 Add 5x to both sides 4 > 8

Divide by 4 1> 2x
J
Practice
i. Solve the following inequadlities
a)x-4<8 b)x+2<4 c)x-5<-2 d)x+7<0 e)d4-x>6 f)2>5+x g)5-x<-7
ii. Solve the following inequalities
a)3x-2<7 b)1+x>3 c) 4x-5<4 d) 6x+2>11 e)5+2x<7 f)3<5-2x
g)4-3x<10 h) 10 <3-7x i)x-1>2-2x D3x+2<5x+2 k) 2x-5>3x-2
If an inequality has brackets we expand them first and then solve as above.
' )

Example - Solve 2(x +2) +3(2x-3)>2

Expand the brackets 2x+4+6x-9>2

Simplify the left hand side 8x-5>2

Add 5 to both sides 8x>7

Divide both sides by 8 x>7/8

\ J
Practice

Solve the following inequalifies
a)3(x-7)>14 b) 5(x + 4) > 40 c)4(x+1) < 2x-3 d) 7(x-2)-(5x-9) >0
€)3x+4(2x+3) <1 D6(3x+1)-2(5x-4) <5(x+2)  g)3(4x+5)+ (8-10x) < 4(x + &)
6.3 Range of values
If we have two inequalitites we can find a range of values for which both inequalities are true.

(. ; : . )
Example - Find the range of values which Example - Find the range of values which
satisfy the inequalities x > 2 and x>-1. satisfy the inequalities x < 2 and x> -1.
Draw both inequalities on a number line. Draw both inequalities on a number line.

o — < @
| | | | | | | | | | | | | | | |
| | | | | | | | I | | | | | | |
83 20 - 0 1 2 3 4 83 20 - 0 1 2 3 4
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(" . . . Practice
Example - Find the range of values which satisfy : .
. .. Try to find the range of values for which the two
the inequalities x < 2 and x <-1. . "
) - ) inequalities are true
Draw both inequalities on a number line.
a)x>2and x>3 b)x >2andx < 3
o———
I I I I I I I I c)x > 4andx<-2 d)x <4 andx>-2
3 2 _O] 0 ] 2 3 4 e)x < 0andx < 1 f)x<0and x> 1
We can see from the number line that there is no g)x<-landx>-3 h) x>-1 and x<-3
range of values which satisfy x < 2 and x <-1
\. J
Practice
Solve each of the inequalities and find the range of values which safisfies them
a)x-4>8andx+3>2 b)3+x <2and4-x < 1 c)x-3 <4andx+5>3

d)2x+1>3and3x-4<2 e)5x-6>4and3x-2<7 f)3-x>1Tand 2+ x>1

fExample - Find the range of values which satisfy the inequalities x -2 <2x +1 <3 )
a) We can write x - 2 <2x + 1 <3 astwo inequalities  ¢) Draw both solutions on a number line
x-2<2x+1 and 2x+1<3 o .
| | | | | | | |
b) Solve both inequalities _|4 _;|3 _2| _]I ol 1' 2' 3'
-2<x+1 2x <2 - O
-3 <x x<1 We can see from the number line that
x>-3 x-2<2x+1<3is satisfied in the range:
SB<x< 1
\. J

Practice
Find the range of values which satisfy the following inequalities
a)x+4<2x-1<3 b) 3x+ 1<x+4<2 €)2-3x<4-x<3 d)x-3<2x+1<5
e)4-3x<2x-5<1 ) x<3x-1<x+1
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6.4 Inequalities and regions

So far we have used number lines to represent inequalities. However, an inequality can also be represented
by a region on a graph.

[Example - Draw the region given by the )

(
: ) Example - Draw the region given by the
inequality x <2

inequality y > 1
To do this we draw the line x=2.

Every point to the left of this line satisfies x <2.

A )

To do this we draw the liney = 1.
Every point above this line satisfies y > 1.

4

2
-

=
N

We shade the unwanted part. The line is solid
because y = 1 isincluded in the region.

We shade the unwanted part. The line is dotted
because x =2 is not included in the region.

) / /
Practice
Draw diagrams to represent the following inequalities
a)x > 2 b)y <3 c) x>-1 d)y<4 e)x>0 fo>y g)2<x
~

rExample - a) Draw the region given by the inequality -3 <x <2
b) State whether the points (1,1) and (-4,2) lies within the region

-3 <x <2 gives two inequalities -3 <x and x > 2
The boundary lines of the region are x = - 3 and x = 2. (These lines are both dotted as they are not
included in the region)

%é&

The unshaded region represents the inequality -3 <x <2.
We can see that the point (-4,2) does not lie within the region. The point (1,1) does lie within the region.
. J

Practice

i. Draw diagrams to represent the following inequalifies
a)2 <x< 4 b)-3<x<1 c)-1<y<2 d)0 < x<4 e)-2<y <3 )3 <xx<5

ii. For each question a) - f) state whether the point (1,4) lies in the given region
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ili. Give the inequadlities that define the unshaded regions

b) 7
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6.5 Inequalities with 2 variables

The boundary lines for inequalities are parallel to the x or y axis if the inequality contains only the variable x
ory. If the inequality contains two variables, x and y then the boundary line is not parallel to an axis.

\

Y

\\

(Example - Draw the region given by the inequalityx +y > 4 - )
In this example the boundary line is x + y=4.
The line is solid because x +y =4 is included in the region. :
We need to decide which side of the line is the region we want. 5
To do this we test points on both sides of'the line. >
) ) ) ) 2 o 2 4 6] «x
The point (2,3) gives a value of x +y = 5. 5 > 4 so this point
lies in the required region. v
The point (5,1) gives a value of x +y = 6. 6 > 4 so this point T
lies in the required region.
The point (1,1) gives a value of x + y=2. 2 <4 so this point L
does not lie in the required region. 3] .
. . = ]
So we shade the region below the line. ) o 2 A ol &
The unshaded region gives the region we require.
J

Practice
Find the regions defined by the following inequalities (draw axes for values of x and y from - 6 to 6)

a)x+y <3 b)x+ 4y < 8 c)x+y <2 d) 2x + 5y > -6 e)3x+4y > 12 f)4x+y<4
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(Example - Find the inequalitiy defining the unshaded region. N ¥y
The boundary line is x + y = 3 and is not included. S
Test the point (3,1) which is in the required region. 41T P
Whenx=3,y=1. This givesx +y =4. 2%
4> 3, so the inequality isx +y >3 -2 -T2
x+ty=3
% y
Practice
Find the inequalities that define the unshaded regions
a) ] /] c) 7
N
1 3 4
~ >/
N4 h
NA2 o 2 o
2 0 2
y-x=2 x+2y=2
b) y d) /&/ -1 1
/ J /// -
(////
d > >
2
— 9%
2 of | 2 x 2 oA
x+ty=3 ¥+ty=2
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7. Quadratic expressions

7.1 Introduction

In Chapter 1 we studied linear expressions - expressions of degree 1. In this chapter we will study
quadratic expressions - expressions of degree 2. These are examples of quadratic expressions:

x}  Z2+3z  2x*+3x-1 a -1 p*-4p -6

We can simplify quadratic expressions by collecting like terms and expanding brackets.

Example - Simplify (4x? - 7x -3) - (x>- 4x + 1) Example - x(x + 3y) + 2x(x + y)
Expand the brackets:  4x>- 7x -3 - x>+ 4x - 1 Expand the brackets:  x?+ 3xy + 2x+ 2xy
Collect like terms: 3x2-3x -4 Collect like terms: 3x*+ 5xy
Practice
a) 2a?-3b%+ c + 5a%- 6b?+ ¢ f) m(n + m) + m(n-m)
b) (2c7- 3b2 + ¢) + (502 - 6b? + ¢ g) X(4x + 5) - 2x(x + 3]
c) (a?+ 2b%+ 4¢c?- 3d?) - (3a%-8b?-2c? + d?) h) x(2x - 5) - 2(2x - 5)
d) (4x2- 3y?) + (3y?%- 5x?) + (522 - 4x?) i) 5y(4y -3) -2(4y - 3)
e)4a(2a + b) + 2a(3a - b) 1) 3x(x+y) + 4y(x-vy)
Think

Look at question j) .If we expand the brackets we have:
3X(x +y) +4y(x-y) = 3x2+ 3xy + 4yx - 4y2
We can simplify the second and third terms:
3xy + 4yx = 3xy + 4xy = 7xy
Complete the statment:
When multiplying unknowns, the order we multiply is not important.
This is the law of mulfiplication

7.2 Brackets

So far we have only studied the product of a single term and an expression in brackets. We find the product
by multiplying each term in the bracket by the single term: 3x(2x + 3 + 2y) = 6x* + 9x + 6xy.

In this section we will learn how to find the product of two brackets.

Look at the rectangle. The area of the whole shape is (e + f)(g + /). g h
We can use the FOIL rule to find the product of these two brackets.
FOIL stands for: e| area=eg |area=eh
First - multiply the first terms in the brackets =eg
Outer - multiply the inner terms in the brackets = ek f| area=fg |area= fh

Inner - multiply the inner terms in the brackets = fg
Last - multiply the last terms in the brackets = fh

If we add the four terms we have: (e +f) (g +h)=eg+eh+ fg+ fh

The equation (e + f)(g + h) = eg + eh + fg + fhis true for all values of e, f, g and 4. The equation is known
as an identity. We will meet more identities in this section.
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Practice

i. Find the product of these brackets. Draw rectangles to illustrate and check your answers
a) (x+2)(x+1) b) (x + 8)(x + 2) c) (x+3)(x+3) d) (x+ a)(x+ b)

ii. Use the FOIL rule to find the product of these brackets. Simplify your answers if possible

a) (a+ 4)(b+ 3) b) (x + 6)(x + 2) c)(b+7)(b+4) d) (2a + 3)(b + 4) e) (3b + 4)(b + 2)
f) (3b + 4)(b - 2) g) (x+6)(x-2)  h)(a-4)(b-3) D) (x-7)(x-4) j)(b-6)(b-2)

k) (a-4)(b+ 3) ) (b-7)(b+4)

ili. Use the FOIL rule to find the product of these brackefts. Simplify your answers if possible
a) (3a-4)(b +5) b) (x + y)(2x + 3y) c)(2b+5c)(Bb+4c) d)(a+3)2 e)(a+1)(b+2)-ab
f) (3x+ 1)(3x-1) g) (7x+ 2)(7x-2) h) 5(x + 2)(x - 6) i) (2a + 3b)(2a - 3b) + 9b?

Think
i. There are 3 very important identities that you need to remember. Use the FOIL rule to find them:
(x + a)?= = =
(X - 0)2 = = =

(x+ a){x-a) = =

ii. Complete the sentences fo give the identfities in words:

a) (x+a)?
Square of the first term + +
b) (x-a)?
- twice the product of the two terms +
Practice

Use the identities to expand

iLa)(x+1)?  b)(x+2)? c) (b +4)? d) (t+10)? e) (x+y)? f)lp+aq)? g)(u+v)
ii. @) (x-2)2  b)(x-¢)? c)(x-y)? d)(x-7) e) (a-b)? f) (3x-1)? g) (4y - 1)?

ii. a) (x+ 4)(x-4) b) (x+12)(x-12) <€) (x-8)(x+8) d) (2x+ 1)(2x- 1) e) (5x- 4)(5x + 4)
Complete these expressions by writing the correct number in each space

a) (x+__ )2=x2+__x+16 b) (x-___ )2=x2-20x+ ___ c)(x+___ )2=x2+2x+___

d) (x-__ )2=x2-_ x+ 144
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7.3 Factorising quadratic expressions

We learnt in Section 2.1 that we can factorise expressions by finding the Highest Common Factor of the

terms in the expression.

Example - Factorise 2a° + 6a
20+ 6a=2xaxa+2x3xa
The HCF of the two terms is 2a, so
2a* + 6a = 2a(a + 3a)

Practice
Factorise
a) 8x2 + 4x b) é6p? + 3p
g) 4a% + 8ab? + 12ab

c) 15c - 10c?
h) 4x2y + 6xy? - 2xy

(
Example - Factorise 9a°b + 12ab*

The HCF of the three terms is 3ab, so
9a*b + 12b*=3ab(3a + 4b)

.

9a’h + 12°=3 x3xaxaxb+3xd4xaxbxb

d) ax + ax? e) 12a?b + 18ab?

i) 12ax? + 6a?x - 3ax

f) 4x2y - 2xy?
j) a’bc + ab’c + abc?

In the previous section we learnt that we can find the product of two brackets using the FOIL method, for
example (x + 6)(x +2) =x*+ 8x + 12. To reverse the operation and factorise x* + 8x + 12, we write:
¥+ 8+ 12=(x+ )x+ )

(This will give the x* term when we expand.)

Now we need to find two numbers whose product is 12 and whose sumis 8:
12=1x120r3x40r2x6
The sum of 2 and 6 is 8, so these are the two numbers we need. We can factorise the expression:
¥+ 8x+ 12=(x+2)(x+6)

Example - Factorise x* + 8x + 15

I5=3xS5o0or1x158=3+5.
So, x> +8x+ 15=(x+3)(x+5)

Practice
i. Finish factoring these expressions
a)x2+éx+5=(x+1)x+ )

d) x2-9x+8=(x-1)(x )

b)x2+ 7x+12=(x+

e)x?-11x+28=

(
Example - Factorise x* - 7x + 12

two numbers have to be negative.
12=-3x-4or-1x-120r-2x-6.
And, -7=-3 -4,
So,x*-Tx+12=(x-3)(x -4)

The coefficient of the x term is negative, so the

~

J{x + 4)
x-7)x )

c)x2+ 17x+52=(x+ 4)(x +

f)x2-18x+32= (x-2)(x )

ii. Check your answers o i) by expanding the brackefs

ili. Factorise. Check your answers by expanding the brackets

a)x2+ 7x+ 12 b) x2+ 21x + 20

f) x2+ 22x + 40 g) x2+ 14x + 40 h) x2 -
k) x2- 18x + 32 1) x2- 16x + 63
Think

c)xX2+8x+7

9x + 8

d)x2+ 13x + 12 e)x?+ 15x + 36

i)x2-7x+12  jx2-11x+ 28

)

i. In this expression the number term is negative. Complete the factorisation by writing the correct

signs in the brackets

x2+ 5x-24 = (x

iil. Complete the statements

8)(x 3

If the x ferm is positive and the number term is positive then the signs in the brackets are

If the x term is positive and number term is negative then the signs in the brackets are
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Practice
Factorise. Check your answers by expanding the brackets

a)x?+ 5x-14 b) x?+ x - 30 c)x?-6x-27 d) x?+ 16x - 80 e)x?+ 8x-48
f)x2-11x-42 g) x2+ 7x - 60 h) 12x - 28 + x? i)Ox +x2-7x-42 ) 2x-63 + X2

Sometimes the coefficient of the x* term is greater than 1.| Example - Factorise 3x*+9x + 6
In some cases, we can remove a common factor from the
expression before expanding. 3+ 9x+ 6=3(x*+3x+2)=3(+ 1)(x+2)

In some cases, one of the x terms in the bracket will have a coeffcient that is greater than 1.

Example - Factorise 5x* - 7x + 2 )
5=5x1, so to start we write (5x )x ).
The signs in the brackets must be negative Sx- Hx- ).
If we write 1 and 2 for the number terms we have (5x - D)(x-2).
This gives a middle term of 11x, which is not correct.
Ifwetry 2 and 1 we have (5x-2)(x-1)
This gives a middle term of 7x, which is correct.
L So the correct answer is 5x* - 7x +2 = (5x - 2)(x - 1)
J

Think

Factorise 15x2 + 26x + 8, then:
The factors of 15 are 1, 3, 5 and 15. The first terms of the brackets may be
(15x  )(x Jor(5x  )(3x )
The number terms in the factorisation canbe 1 and 8, 2and 4, 4 and 2 or 8 and 1.
We have to find the right numbers so that the middle term in the expansion is equal fo 26x.
Complete the gaps in the factorisations below until you get the correct middle term of the expression.

(15x + 8)(x + 1) middle ferm is 23x which is incorrect.
(15x + 4)(x + 2) middle termis _____ whichis
(15x + 2)(x+ ) middle fermis _____ whichis
(15x+ 1)(x+ ) middle fermis _____ whichis
(5x+ )(3x + 8) middle termis ___ whichis
(5x + )(3x + 4) middle termis ___ whichis
(5x + 8)(3x + ) middle termis ___ whichis
(5x + 4)(3x + ) middle termis ___ whichis

The final answeris 15x2 + 26x + 8 = .
In the most general case, both the coefficients of x in the brackets are greater than 1.
Practice
i. Factorise

a)2x?+ 14x + 24 b) 7x2+ 14x + 7 C) 4x2 - 4x - 48 d) 3x2 + 24x + 36 e) 5x2-5x-30

il. Factorise

a) 2+ 3x+ 1 b) 42+ 7x+ 3 c)3+ 13x+ 4 d) 42+ 5x-6 e)3x2-8x+4

f) 52-17x+ 6 g) 7x2-29x + 4 h) 5x2-19x+ 12 i)+ 17x-15  j)3x2-11x-20
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ili. Factorise
a) 62+ 7x+ 2 b) 15x2+ 11x+ 2 Cc) 352+ 24x + 4 d) 15x2-x-2 e)24x2+ 17x-20
f) 6x2-11x+3 g) 16x2-10x + 1 h) 15x% - 44x + 21 i)yéaz-a-15 j)9?%-12b+4

The difference of two squares
Earlier we saw that (x + a)(x - a) = x*- a*. If we reverse this we have
x’-a*=(x+a)(x-a)
This result is called the difference of two squares. It is used often in Maths. We can use it to factorise
expressions.

: Practice
Example - Factorise x* - 9
2 _ 2 _ 2 _ 2 _
We start with (v )(x ) a) x2-25 b) x2-4 c) x%- 64 d) x2- 49
e)9-x2 f) 36 - x2 g) 25-x2 h) y?-x2

-9 =3 x-3, so we have, x* - 9= (x + 3)(x- 3)

7.4 Algebraic fractions
In this section we will combine knowledge of fractions, factorising and completing the square to simplify
algebraic fractions with quadratic terms.
Think
Try o follow the steps to simplify the following expression.
2x-4  3X+9
X2 -5x+6 x2-9
Factorise all the terms

Cancel the common factors

Invert the second fraction

Cancel the common factors
4 ™

Example - Simplify 6x—-30 + 21
2x* =50 x> +3x-10
_ _— 3x+15
a) Factorise the terms 6(x—5) + 21 d) Simplify the numerator ————————
2x=5)(x+5) (x+5)(x—2) (x+5)(x-2)
3 21 3(x+5
b) Cancel by 2(x - 5) + e) Factorise the numerator _3a+3)
X+5 (x+5)(x-2) (x+5)(x—-2)
c¢) Write as one fraction with a common denominator 3
3(x—2)+21 f) Cancel (x + 5) to give the answer P
(x+5)(x-2)
. J
Practice
Simplify
x* -4 x? -5x +4 3 2 3 2 5 9
a) b)) d)—— - — &) —-——
2X -4 X" -16 X+1 x° -1 X+5 x°-25 X" —-49 x-7
3 1 2 1 4x+8  x*-4 X2 Bx+4 X7 11x+18
f)— + g)— -2 h)— 3 N—= 2
X" +5X+4 x+4 X" +4X+3 X" +5x+6 4x°-8x X" +2x X" -16 X" +6x+8
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8. Pythagoras’ theorem

8.1 Introduction
Pythagoras’ theorem states that, in a right-angled triangle, the square of the longest side

(the hypotenuse) is equal to the sum of the squares of the other two sides, i.e.

If we know the length of two sides, we can use Pythagoras’

AC? = AB? + BC?

theorem to calculate the length of the third side. A LB
(" ™
Example - Find the length of side AC.
C
AC?=AB? + B(C?
=622+ 412 41 cm
=3844 + 1681
= 5525 A Ogp
If we take the square root, we have 62 cm
% AC= /5525 =74.33 cm )
Practice
a) Find AC b) Find RQ c) Find 7Y
C Q 4
/l Sm 8 cm 1.6cm
A B P R X Y
9m 13 cm 2.8cm
d) Find LN e) Find DF f) Find LN N
78 cm 112 cm 13 cm 81 cm
19 cm
N
L E
oM
) 62 cm
We can also use Pythagoras’ theorem to find the length of one of the shorter sides.
4 N
Example - Find the length of side BC.
C
AC?=AB? + B(C? 7 em
7 =5+ BC?
So,
BC? = 7%- 5?=49 - 25 = 24 A B
: Scm
If we take the square root, we have
BC=+24 =49cm
- J
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Practice

a) Find PQ b) Find AB C ¢) Find AB
26 cm A . B
Q 10 cm
15cm 18 cm
A B d)FindYz 19.5 cm
C
Y
P R 36 cm
12 cm
Z X
37.5cm

8.2 Using Pythagoras’ theorem
We can use Pythagoras’ theorem to solve problems.
4 ™

Example - Ais the point (2,1). B is the point (8,9)
Find the straight line distance AB
v B
To do this we make a triangle ABM. The angle at M is 90°.
8 The line AM is 6 units and the line BM is 8 units
] Pythagoras’ theorem 7| B
gives
AB?>=AM’ + BM? s f
4 — 62 + 82
/ =36+ 64 6
LA =100 8
So, AB =10 4
0 2 4 6 8 x
A
2l A
6 M
0 2 4 6 8 x
N J
Practice

ia) A is the point (3,1) and B is the point (7,9). Find the length of AB.

ib) Find the length of the diagonal of a square of side 15 cm.

c) (i) Find the length of side BD d) Calculate the lengths marked x and y.
(ii) Find the length of side DC
B
Y
4cm 2 8cm 30cm
10 cm
A 3.2cm D C 24 cm

e) Points A and B have coordinates (-3, 7) and (5, -4) respectively. Calculate the distance AB
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f) The diagram shows a ladder of length 8 g) Calculate the value of x

metres resting against a wall. The distance

between the bottom of the ladder and the wall

is 5 meftres. Calculate the height of the top of

the ladder. x+8cm
xcm

x+7cm

1
I

-
|

T 1
|
 —
I

T 1
|: I 8 m
-
|
1
|

T 1
I

-

5m

8.3 Proof of Pythagoras’ theorem
Think

By looking at the diagram we can see that:

The area of the large square is a?
The area of the small squareis (b -c)?and c
The area of each of the four friangles is 2 bc.

This gives us six formulae. Arrange them below
to find an expression for a?in terms of b? and c2.

(o-c)

This exercise is one of many ways o prove that
Pythagoras' Theorem is true.
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9. Quadratic equations

9.1 Introduction

In this chapter we will study how to solve quadratic equations of the form ax?+ bx + ¢=0.

We will learn four methods to solve quadratic equations:

Solving by factorising, Solving by completing the square, The quadratic formula and Solving by drawing graphs.
Equations of this form always have two solutions. There are two values of x which safisfy the equation.

Think
When solving quadratic equations, always remember that X x Y =0 is only true if X =0 or/and Y = Q.
Use this fact to fill the gaps.

If we let X = (x-a) and Y = (x - b) then we have the quaratic equation: (x- a)(x-b) =0.
This quadratic equation is only true if: =0 or/and =0.

Orif: x = orx =

The final statement gives the two values of x which satisfy the equation (x - a)(x - b) = 0.

Example - Which values of x satisfy x(2x - 4) = 0. | [ Example - Which values of x satisfy (x - 3)(x + 5) =0.
Either: x=0or/and 2x-4=20 Fither x-3=0or/andx+5=0
x=0or/andx=2 x =3 or/and x = -5

Practice
Find the values of x which satisfy the equations

i.a)x(x-3)=0 b) x(x-5) =0 c)x(x+4)=0 d) (x+5)x=0 e) (x-7)x=0 ) (x+9)x=0
iil.a)(x-1)(x-2)=0 b)(x-10)(x-7)=0 ¢c)(x-6)(x-1)=0 d)(x+1)(x+8)=0 e)(x-aj(x-b)=0
ili. a) (2x-5)(x-1)=0 b)(5x-4)(4x-3)=0 <c)x(10x-3)=0 d) (6x+5)(3x-2)=0 e) (4x+3)(2x+3)=0

9.2 Solving by factorising
If we understand how to factorise and can answer the questions above, then this method is very easy.
( Example - Solve x*- 10x+9=0 h (Example - Solve x*-49=0 )
The coefficient of the x term is negative. Start with (x = )(x )
9=-1x-9or-3x-3 A9 =-Tx17
And, -10=-1-9. This will give a 0 x term, which is correct.
S0, x* - 10x + 9 = (x - 1)(x -9) =0 S0,x*-49=(x-7)(x+7)=0
The solutions to the equation are: The solutions to the equation are:
x=1or/andx=9 % x =7 or/and x = -7 )
\_ J
Practice

i. Solve these equations by factorising

a)x?-3x+2=0 b)x?-5x+6=0 c)x?-7x+12=0 d)x?2+6x-7=0 e)x?+x-12=0
f)x2-5x-24=0 g)x2+3x+2=0 h)x2+9x+18=0 i)x2+ 14x+13=0 j)x2+16x+15=0

ii. Complete the square to solve these equations
a)x?-1 b) x2-16 c)x?-4 d) x2- 49 e) x2-81 f)x2 -144
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ili. Look back at Section 5.3 to review how to factorise quadratic expressions with an x? coefficient
greater than 1. Use the method to solve these equations

a)2x?-5x+2=0 b)3x2+5x+2=0
e)6x?-13x-5=0 f)8x2-18x+9=0

c)3x®-11x+6=0
g)4x2+8x+3=0

d) 152+ 14x-8=0
h) 10x2-29x-21=0

iv. To solve these equations you need to write them in the form ax? + bx + ¢ = 0 and then factorise

a)x(x-2) =15 b)x(x+1)=12 ¢)3x(2x+ 1) =4x+1 d)5x(x-1)=4x2-4 e)x(x+ 3)=5(3x-7)

Sometimes a fractional equation leads to a quadratic equation which will factorise.

b) Multiply by x(x - 5) to get
6(x -5)+x=2xx(x-5)
c¢) Expand the brackets

-
Example - Solve the equation ° + =2
x x-5
a) Write as one fraction with a common denominator
6(x—5)+x 5
x(x-5)

d) Write in the form ax* + bx + ¢ =0
2x?-17x + 30=0

e) Factorise
(2x-5)(x-6)=0

f) Solve 2x-5=00rx-6=0

x=250rx=6
6x - 30 +x = 2x*- 10x
\. J
Practice
Write each equation as a quadratic equation and then solve
5 1 1 2 2 3 2 1 3 1 3 3 1
aQ)y——-——=— b)—+—=1 c)—+—=— — == — =
X+3 x 2 X+4 X Xx+1 x+4 3 X=-3 x-4 2 5-x 4 x+2
I
Example - Arectangleis 4 cm longer than it is Example - Tii Moo is x years old and his sister is
wide. It is x cm wide and has an area of 77 cm?. 5 years older. The product of their ages is 84.
Form an equation in x and solve it to find the Form an equation in x and solve it to find Peter’s
length and width of the rectangle. age.
(x+4) cm Tii Moo is x years old. His sister is (x + 5) years
old. The product of their ages is 84. So,
X cm x(x+5)=284
x*+5x=84
x*+5x-84=0
Area = length x breadth = (x + 4) x x cm®. x-NDHx+12)=0
We know the area is 77 cm?. So, x=7orx=-11
(x+4)xx=177 Tit Moo’s age must be postive, so Tit Moo is 7
x> +4x =177 years old.
x*+4x-77=0 \ J
(x-7H)x+11)=0
x=T7orx=-11
The breadth of the rectangle has to be positive, so
weusex="7.
Therefore the breadth of the rectangle is 7 cm and
Ghe lengthis (7+4)cm=11 cm. )
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Practice
These word problems lead to equations that factorise. Write the equation for each problem and solve
a) Soo Doe is x years old and her sister Aye Phon is 4 years younger. The product of their ages is 140.
Form an equation in x and solve it fo find Soo Doe and Aye Phon's ages.
b) A rectangle is 3 cm longer than it is wide. It is x cm wide and has an area of 77 cm?. Form an
equation in x and solve it to find the length and width of the rectangle.
c) Arectangle is 5 cm longer than it is wide. It is x cm wide and has an area of 66 cm?2 Form an
equation in x and solve it to find the length and width of the rectangle.
d) One side of arectangle is 4 cm longer than the other. Find the length of the sides if the area of the

rectangleis 45cm 2

e) The sides of aright-angled triangle are x, (x + 7)  f) A square of side x cm is removed from a
and (x + 8). Use a famous mathematical formula  rectangle measuring (3x+ 1) cm by (x + 2) cm.
to find x and the length of each side. The area of the remaining card is 62 cm?. Write
an equation in x and solve it fo find the length
of the sides of the rectangle.

X+8
x+7
xcm (x+2)cm
X
9.3 Completing the square (3+ 1) em
The equation x*+ 10x can be shown as a diagram. Ifwe add a small piece to the diagram we have a
x*is the large square, then we add 10x intwo equal perfect square. The area of the small square is
pieces of Sx. 52=125.
X 5 X 5
X x? 5x X x? Sx
5 5x 5 S5x 52

If we add the 5 to the equation we have: x> + 10x + 5%
Factorising gives: x*+ 10x + 5°= (x + 5)(x + 5) = (x + 5)*
Subtracting 5% from both sides gives:  x* + 10x = (x + 5)*- 52

In this example we have completed the square for x*+ 10x.
In general to complete the square we use the formula:

2 2
x2+bx:[x+éj —(éj
2 2

We can only use this if the coefficient of x*is equal to 1.
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Example - Complete the square for x>+ 4x
In this example b =4, so we can substitute into
the formula to get:

2 2
Crax=[x+d] (2 =(x+2)° -4
2 2

\- J

Practice

4 N 7 )

. ) _6 2_ —_6 2 ) o
2x —12x_2Hx+7j [ . j }2[@ 329
N J

Example - Complete the square for 2x? - 12x
Before we use the formula we take out the common

factor: 2x? -12x = 2[x* - 6x].
Now we can substitute the expression in brackets
into the formula to get:

i. Complete the square for the following expressions

a) x2 + 4x b) x2 - 14x c) x?+x d) x* - 4x e) x?- 10x

ii. Complete the square for the following expressions

. Take out the common factor first

a) 2x2 + 16x b) 3x2 - 12x c) 5x2- 15x d) 2x2 + 2x e) 7x2 - 28x

9.4 Solving by completing the squa

re

In Section 7.2 we learnt how to solve equations by factorising. Some equations cannot be easily factorised.

We can solve these equations by completing the square.
Think

Follow the steps to solve the equation x2+ 10x + 18 =

0 by completing the square

Subtract 18 from both sides:

Complete the square forx2+ 10x (see previous page):

Add 25 to both sides:

Square roof both sides:

Subtract 5 from both sides:

(

Add 3 to both sides:

Complete the square using the formula:

2
(gj = ? . Add this to both sides:

Take the square root of both sides:

5
Subtract E from both sides to solve:
N

Example - Solve the equation x*+ 5x - 3 =0 by completing the square.
Leave your answer in surd form.

\

x>+5x=3
2 2
x+i (2 =3
2 2
5V 37
x+=| ==—
2 4

S

J/

Note: In both examples we are asked to leave the answer in surd form. This means we do not calculate
the value of the square root. You will usually be told which form to write your answer, e.g. surd form, 2

decimal places, 3 significant figures etc.
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Practice
Solve the equations by completing the square. Leave your answer in surd form

a)x2+ 10x+3=0 b) x2-8x-2=0 c)2+ 18x+6=0 d)3x2-6x+1=0 e)2x2-3x-4=0
f)2x2-4x-7=0 g)3x2+5x-3=0 h) 2x2-7x-2=0 i)3x2-8x-1=0

9.5 The quadratic formula

We can apply the method of completing the square to solve the general equation ax* + bx +c¢=0.
The solution will give us a formula which can be used to solve all quadratic equations.

Follow the steps of the solution.

Start with the general equation  ax*+ bx +c¢ =0

b ¢
Dividebothsidesbya ~ x*+—x+—=0

a a
c
Subtract < frombothsides ~ x*+—x=——
a a a
b2 . b b2 b2
Add —-to both sides to complete the square 2 7| -_<,
4a a 4a° a 4a’
b\ b
Factorise the left side of the equation x+ 2] =%,
2a a 4a’
2
Simplify the right side of the equation x4 b ) _—dac+b
2a 4a’
) b b* —4ac \/b2 —4ac
Take the square root of both sides x+—=% — ==
2a 4a 2a
biract——from eachside ¥ =~ - 10— 44¢
Subtract 5 [rom each side Y 24
: . bE—4
The two solutions of the equation are ——+ NO TRdae

2a 2a 2a 2a
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Example - Solve the equation 3x*+ 7x -2 =0.
Leave your answer in surd form.

The coefficientsarea=3,b=7and c=-2

' ) 4 N

Example - Solve the equation 4x* - 7x + 1=0.
Give the answer to 2 decimal places.

The coefficientsarea=4,b=-7and c=1

—b+/b*—4ac
2a 2a
Substitute the values of a, b and ¢

=TT -43)(-2)

~b+~/b* - 4dac

Substitute the values of a, b and ¢

(D E(-7) - 41

o 23 ) 2x 4
_oTEN9 v 773 7+/49 116  7++/65 7+8.062
6 6 - 8 I
In surd form the two solutions are In decimal form the two solutions are
TB 1T L 15062 - -1.062
6 6 8
. J

orx=1880orx=-0.13  correctto 2 d.p.
\. J

Practice
i. Use the formula to solve these equations

a)x?+6x+5=0 b)x?2+5x+4=0 c)x2+9%x+8=0
x2-7x+10=0 g)x?-7x-18=0 h)x?-4x-12=0

d)x2+ 10x-11=0 e)x2+9-10=0
i)x2+8x+12=0

ii. Use the formula to solve these equations. Leave youtr answers in surd form

a)2x?+7x+2=0 b)4xt+7/x+1=0 c)5x2+ 9% +2=0 d)2x2-7x+4=0 e)3x2+9%x+1=0
ili. Rearrange these equations and use the formula to solve. Leave youtr answers in surd form

a) 3x2=3 - 5x b)3x2+2=9x c) 82=x+1 d) 32+ 4x =1

iv. Use the quadratic formula to solve these problems

a) One side of arectangle is 3 cm longer than the other. Find the length of the sides if the areais 20
cm?. (Use the fact that V89 =9.4to 1 decimall place.)

b) The sides of a right-angled tfriangle are xcm, (x + 1) cm and (x + 3) cm. Find the length of the
hypotenuse. (Use the fact that V48 = 6.9 to 1 decimal place.)

c) Aright angled triangle is cut from a rectangular piece of card 15 cm by 8 cm. The remaining piece
of card (the shaded area) has an area of 89 cm?. Find the value of x. (Use the fact that V32 =5.710 1s

decimal place. )

15cm

8cm

xcm

(2x+ 4) cm
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9.6 Graphing quadratic equations

In Chapter 3 we learnt how to draw the graph of a linear equation. Here we will learn to draw graphs of
quadratic equations. The graph of a quadratic equation is called a parabola. The simplest parabola has the
equation y = x*.

Think

Follow the steps below to draw the graph of y = x?
a) Complete the table of values by substituting the values of x into the equation.

X 4 -3 -2 -1 0 1 2 3 4
y 16 1
b) Plot the points on the axes below b
c) Connect all the points with a smooth curve —
The curve gives the parabola of y = x2 s
10|
5
B R B R el 2l 3 sl ox
[
Example - Draw the graph of y =x? + x - 6 for values of x from - 4 to 4
a) First we write the table of values for the given range of x.
X -4 -3 -2 -1 0 1 2 3 4
x? 16 9 4 1 0 1 4 9 16
X -4 -3 -2 -1 0 1 2 3 4
-6 -6 -6 -6 -6 -6 -6 -6 -6 -6
X*+tx-6| 6 0 4 -6 -6 -4 0 6 14

b) Next we plot the points on the axis and draw a smooth curve throught the points

v A
14
\
12 /
/
\ 10
3
6
\ /
\
\\ ¥ A
z ¥ i
2
4 -3N\-2| -1] 0] 1 3 4 x
\ 2 /
\ /
\ =41/
N
76
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Practice
Draw graphs of the following equations for values of x from -4 to 4. (You will need graph paper.)

a)y = -x? b)y=x2+5 c)y=3x2 d)y=x2-10 e)y =x2+ 2x
fly=x2-4x-1 g)y=x2-3x-5 h)y=2x2+3x-5

9.7 Solving quadratic equations by graphing

Once we have drawn the graph of a quadratic equation, we can use it find the solutions of'the equation.
4 )

Example - Draw a graph to find the solutions of x*+x-6=0.
[ We draw the graph of y =x>+x- 6.
I
\ The equation is x* +x - 6 = 0 so we look at the line y = 0.
! The line y = 0 is the x-axis.
\ 8
\ The solutions are given by the points where the graph crosses
the x-axis.
i N 1/ 4| x| We see from the graph that the solutions are x=-3 and x=2
\ 2t |/
-4
\- J
The solutions of a quadratic equation are the values of x where the graph crosses the x-axis

Practice

Solve the following equations by drawing graphs. Give your answers to 1 d.p. Use the range of values
of x that are given in the brackets.

a) x2-7x+8=0 (forxfromO0 to 8) c) 2x2-3x-7=0 (forxfrom -3 to 4)

b) x2-x-3=0 (forxfrom -3 to 4) d) 52-8x+2=0 (forxfrom-1 1o 3)
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10. Sequences
10.1 Introduction

Asequence is a set of numbers arranged in an order. The easiest sequence is the sequence of counting

numbers:

1,2,3,4,5,6,7,..........

Other easy sequences are:

Odd numbers: 1, 3,5,7,9, 11,.........
Prime numbers: 2, 3,5, 7,11, 13
Negative numbers: -1, -2, -3, -4, -5, -6

To continue a sequence we need to look for a pattern. For example, look at the sequence:

Each term in this sequence is 3 bigger that the previous term. So the sequence contiunes with:
14,17, 20, ...

Practice

i. For each sequence, find the rule for continuing the sequence and give the next two terms

a)l, 4,9 16..
f) 2, 6,12, 20....

b) 3. 6, 9. 12....

ii. Fill the gaps in the each sequence
a)3, 9. _.,21,27.__...

c)7, 14,21, 28,...

b) 3.__. 48, 192, 768....

d)15,11,7,3...  e)2 1,0.5, 0.25,..

ili. Tiangular numbers can be represented by dots arranged in friangles:

1. 3,

Write down the next four numbers in this sequence.

iv. Below is a sequence of tile patterns. Write down the first five terms of the sequence given by the

number of files in each pattern.

1 I

10.2 The n th term of a sequence
1,3,5,7,9,11,13, 15,......

Look at the sequence:

The Isttermis 1, the 3nd term is 5 and the 6th termis 11.

The general term of a sequence is called the 7 th term. If we know the formula for the » th term of a

sequence, then we can find any term in that sequence.

by the formula: nthterm=n(n+1)
Find the 1st, 2nd and 6th terms.

When: n=1 Istterm=1(1+1)=2
n=2 2ndterm=2(2+1)=6
n=6 o6thterm=6(6+1)=42

(Example - The nthterm of a sequence is given

(. e )
Example - The n th term of a sequence is given

by the formula: 7 th term = (n - 1)
Find the 1st, 2nd and 6th terms.

When: n=1 Istterm= (1-1)*=0
n=2 2ndterm=(2-1)=1

J

9 n=6 o6thterm= (6-1)*=25
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Practice
i. Find the first four terms and the 7th term for each of the sequences below

a)2n+ 1 b)2n-1 c)2r d)(n-T1)(n+1) e)n+4 f)3+2n
ii. Find the first five terms for each of the sequences below
n n
a)3n+7 b) 15-2n c)nz+5 d) (%} e) §(n+l) f)m

10.3 Finding the formula for a sequence
When the pattern in a sequence is known, we can use it to find a formula for the # th term.

Consider the sequence 2,4,6,8,10
We draw a table for », the position ofthe term in the sequence, and the # thterm, the value of that term.

n

1

2

3

4

5

n th term

2

4

6

8

10

The pattern here is that the value of the term is twice its position number, 7. So,
n=6 6thterm=12

n=10 10thterm=20
n=n nthterm=2n
The formula for the # th term s #2 th term = 2.

(Example - Find the formula for the  th term of the sequence 1, 4, 7, 10, .....
Draw the table of values:
n 1 2 3 4 5
n th term 1 4 7 10 13
The terms increase by 3 each time, so multiples of 37 will be part of the formula
n 1 2 3 4 5
3n 3 6 9 12 15

In this table the values of the terms are 2 greater than the terms in the original sequence, so we
subtract 2 from 3nto get: nthterm=3n-2

(We can check our answer by substituting values of
n=1 lIstterm=3x1-2=1,n=2 2ndterm=3x2-2=4 n=3
These are the correct values, so we know our formula is correct. )

3rdterm=3x3-2=7

Practice
Find the formula for the n th ferm in each sequence

a)3. 6,9, 12,... b)-1,-2, -3, -4..... €)2.3.4,5.. d) 4,8 12 16,..... e)7.9.11,13....
1111 .

10,369 12.. —— e h) 1x3,2x4,3x5,... i) 1.8, 27, 64,.....

) Nz ) )

0321.0-1.

Maths Module 2: Algebra - page 41



11. Indices

11.1 Introduction
In Module 1 we learnt that: 3x3x3x3=3*=38l
2x2x2x2x2=2=32
32 written in index form is 2°. The number 5 is called the index. The plural of index is indices.

In general we can write: axaxax....... xa=a"
Practice
i. Find the values of these powers il. Write these numbers in index form
a) 2¢ b) 10° c) 5 d) 7 e) 12¢ a) 1000 b) 125 ¢)512  d)é625

iii. Show that 64 can be written as either 2¢ or 4°

11.2 The index laws

In Module 1 we also learnt about multiplication and division with indices, numbers to the power of 0 and
negative powers. Here is areview.

Multiplication Division
2X2x2x2x2
5 - 3 = = = 2
3?x 37 =323=3° 22 2x2x2 22=2
To multiply 2 powers of the same number, we add To divide 2 powers of the same number, we
the indices. In general: subtract the indices. In general:

dixda =agn’

Numbers to the power of 0

Negative powers
) . 8 2° .5 Using the law for division we know that:
Noticethat: 1= 3 = = =2""=2 2 . 5= 925 =3

2x2 11
2x2x2x2x2 2x2x2 2°

1.
0. -3 _ :
So, 27 = 2—31n general. a’ = —ln

a

We can replace 2 with any other number, to getthe ~ Also, 27 +2° =
general result:

The following law helps us calculate powers raised to further powers, e.g (2°)~.

(2°P=(2x2x2)=2x2x2)x(2x2x2)=2x2x2x2x2x2=2°
3N\2 —="N3x2—="6 ] : 1 3 . D\M — Hnxm
So, (2°)*=2 2° To raise a power to a further power, multiply the indices. In general: | (¢*)" =2

. ) . )
(Example - Simplify (25x%)" (Example - Simplify (8x°)"?
(25x2)1/2 — (25)1/2(x2)1/2 (8x6)-1/3 — (8)-1/3(x6)-lf3
= 25 (x2X 1/2) 1 .
- K EXC12)
9 = S5x'=5x ) V8 ( )
\ * J
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Practice
i. Use the laws to find the values of these expressions

a) 52x5¢ b)5° - 5 ¢)10°-10 d)122x12 )6  f) (2?2  g)6° - &  h)3? . 32

be. s ) 23 4 0% o (3 ) 23 4273 ) (3723

1 = O - m) —-—-
P32 22)2 32,30

ii. Simplify the following

a)a’? —0—12 b) y(+/xy )® €} (®A":  d) (8¢ e) (2502 f) (81x2)
g) 32X1/2 (‘l 6X2)-1/4 h) 43/2 (9y4)1/2

We can also find a law for fractional indices.
We know that /25 = 5 and that 5 x 5=/25 x./25 =25.

We can replace 25 with any number so that, \/x x /x =x=x,
r 1 11 1
Also, by the multiplication law above, we know that x2x x2=x2 2 =x'. So, x2 = Jx .
o [ S R 1
Similarly, 3/x x/x x3/x = xand x* x x> xx3 =x3 3 3 = x . So, 3 =3/x

1

In general: x" =1x

~
(Example - Calculate a) 8%  b) 64'> ¢) 64%* | Practice

a 41/2 b 4-1/2 c 43/2 d ]61/4 e ]6-3/4
a) 81/323\/522 because 2x2x2 =38 ) ) ) ) )
f) 2572 g) 1000 h)25%2 i) 16"4x 32%5

b) 64° =3/64 =4  because 4 x4 x4 =64

1 1

-2/3 _ -1/3 -1/3 _
©) 6477 =647 x 64 = i T

4
. J

11.3 Equations involving indices
We can use the laws of indices to find the value of an unknown index.

Example-Fmdkl in the equation y+ — = Example - Find & in the equation x* =\/_ +F
ko _ —25-1 1
) _x’z_(x ) xk:\/;+xl—3:x2+x3
The multiplying law (a")™ = a**™ gives . .
ultiplying law () v Thedivisionlaw a” + a™ = a" ™ gives
k N 2 1 1 1 3
X =X =X - ——(-3) 243 >
So that, k=2. () xF=x2+sx? =x2 =x2 =x2
N / So that, k= 3/2.
. N\ ,
Practice
Find the value of k in each equation
a) ¥ =Jk b) y*= c)ak=1:c? d) X =3x? e) X<+ 1= (x7)3 f)2¢=16

g) 3= 27 h) 25¢=5
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Glossary of Keywords

Here is a list of Mathematical words from this module. The section where the word appears is given in
brackets. Find the words and what they mean - your teacher will test your memory soon!

Algebra (1.1)
Algebraic expression (1.1)
Linear (1.1)
Degree (1.1)
Like terms (1.1)
General rule 1.1
Factorise (1.2)
Algebraic fraction (1.3)
Equation (2.1)
Fractional equation (2.3)
Graph (3.1)
Coordinates 3.1)
x-coordinate 3.1)
y-coordinate 3.1)
Gradient 3.2)
Formula 4.1)
Formulae 4.1)
Evaluate (4.3)
Infinite (5.1)
Simultaneous equations (5.1)
Coefficient (5.2)
Eliminate (5.2)
Substitution (5.3)
Inequality (6.1)
Range of values (6.3)
Region (6.49)
Boundary (6.5)
Quadratic (7.1)
Identity (7.2)
Difference of two squares (7.3)
Pythagoras’ theorem (8.1)
Hypotenuse (8.1)
Quadratic equation (9.1)
Completing the square (9.1)
Quadratic formula (9.1)
Parabola (9.6)
Sequence (10.1)
Pattern (10.1)
Index form (11.1)
Index (11.1)
Indices (11.1)
Fractional indices (11.2)

Maths Module 2: Algebra - page 44



Assessment

This assessment is written to test your understanding of the module. Review the work you have done before
taking the test. Good luck!

Part 1 - Vocabulary
These questions test your knowledge of the keywords from this module. Complete the gaps in each
sentence by using the words in the box. Be careful, there are 15 terms but only 10 questions!

linear gradient coefficient region hypotenuse sequence

index parabola generalrule coordinates factorise

degree identity equation formula

a) The longest side of a right-angled triangle is the

b) The tells us the highest power of an expression.

c) A point on a graph is defined by it's

d) The tells us the slope of aline.

e) The graph of a quadratic equation is called a

f) We use brackets when we an expression.

g)A expression has degree 1.

h) The number that is attached to an unknown in an equation is called a

i) A is frue for all numbers

A is a set of numbers arranged in order.

Part 2 - Mathematics

These questions test your understanding of the Mathematics in this module. Try to answer all the questions.
Write your calculations and answers on separate paper.

1. Simplify these expressions
a)2m-3n+ 3(m + n) b) 4(2a + b) + 2(3a - b) c)2(p-q)+2(p-q)

2. Factorise these expressions
a)dp -6 b) 6a + 4b c) 2ab + 2ac

3. Solve these equations

a)9-2x=3-4x b) 4-2t=2(8 +1) c) 3(4x-5) - 5(2x-3) = 4(x- 1)
4. Solve these equations
aPt_; b)”+3=%+3 c)3(2p-10) = 427

8

5. Draw the graphs of these equations
a)y=3x+2 b)y=3-x
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4. Evaluate the formulae

a)p=2(l+w) whenl=83andw=6.8
b)y=5x+7 wheny =11
c)s=ut+at?/2 whens=121,t=5anda=8

7. Solve the simultaneous equations

a) 3x+2y=14 b) x-6y=16 c)8x+3y=35
5x-2y =18 2x+ 6y =5 2x-5y =3
8. Solve the inequalifies
a) 7x+2<5x-4 b)8-3j<2j+ 13 c) 2(3x-5)>8-3x

9. Use the FOIL rule to expand the brackets

Q) (2x+ 5y)(3x +4y) b) (4p+2)(3p+2) c)(2x+1)?

10. Factorise the expressions

a) x?-5x+4 b) 5x + 6 + X2 c) 6a?+ 10a + 4

11. Simplify the expressions

2

x2—5x+4 1 x—2 x2—5x+4 x“+11x+18
a)———— b)—- c) —
x2—1 6 x-1 x2+3x+2 x2—1 6 x2+6x+8
12. Find the length of the missing sides
a) b)
Q M
5 cm 3.5cm 12 cm
P R L

12 cm

13. Solve these equations by factorising

a)y?-3y-4=0 b)2y?+5y-3=0 c)éy?-11y-7=0

14. Solve these equations using the formula. Leave your answers in surd form
a) x2-4x+ 1 b) x2-5x+ 1 c) e+ 9x+1

15. Draw the graphs of these equations
a)y = 2x b)y=x2+2

16. Find the first five terms of each sequence
au =n+2 b)u =3n’-1 c)u =(n+1)?

17. Find the formula for the n th term

a)7,11,15,19, 23,.... b) 12,10, 8, 6, 4......
18. Simplify the expressions
a) 2a?b x 3b2c? x 3c? b) 7(3x*)? c) 18x4y*3x®
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c)7.4,1,-2,-5

......





