Algebraic representation
and formulae

Use letters to represent numbers and express basic arithmetic processes algebraicaily;
substitute numbers for letters; simplify expressions; change the subject of a formula

In algebra we use letters and symbols to represent numbers. We can use algebra to obtain or
display a general formula and hence use this formula to solve problems. There are cerfain rules we
must follow in algebra.

rd

First let’s look at general algebra notation:

x4y A certain quantity x is added to a different quantity y.

3x 3 multipliedbyx,e.g. ifx =2, 3x =3 x (2) =6

4a —3b 4 multiplied by ¢ minus 3 multiplied by b

»? y tothe poweroftwoor y x y, eg ify=3, y¥? =3P =9

3¢ +4d® 3xexc+4xdxdxd (3multiplied by ¢ squared added to 4 multiplied by d cubed),

Whenever possible, algebra should be written in its shortest possible terms — it should be
simplified. The process of simplifying algebraic expressions is called collecting like terms.

Collecting like terms (simplification)

When adding or subtracting algebraic expressions, you can only simplify or combine terms that
have the same letter and power of that letter, The final simplified answers should be in alphabetical
order with the highest power first (if applicable):

x+2x = 3x Letter x has a certain value. If we have one of x added to two
xs, we get three xs altogether,

3y —-2y=y This time we are subtracting two ys from three ys.

3x +2y 4 2x +4y = 5x 4 6p The x terms can be added to each other and the y terms can be
simplified, but we cannot combine them because they are .
different letters: x represents one quantity and v represents a
different quantity.

Collect (ike terms

¥ 427 4 3y = 3y* - 3y? We can add the first two terms as the letter and power are the
sante, but the third term has a higher power so it cannot be
added to the others,

B Note that the simplificd answers have been arranged in alphabetical order with the highest
powers in order from left to right,

Multiplying and dividing alyebraic terms

When multiplying terms, first multiply the numbers and then the letiers together:
Jaxdb=3x4xaxbh=12ab
5 x3ct =5x3xexexexexex =158

20 x3d* %2 =2 x3x2xexexdxdxdxdxexe
= 12c%d%?
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When dividing terms, change the terms to their unsimplified form and then cancel where possible:

P xaxaxdxd

6a* < 2a? =3 xaxa=73a"

Axgxd
10x° = Sx* =2x! =2x : A quicker method would be to divide the
4x3y% 3%y = dxy numbers in your head and use indices rules for

the letters, e.g. x° = x? = x>2 = x3,

Revise the rules of indices in Unit 23 to speed up the process of simplification with powers.

ming simple algebraic statements
can choose any letter we like to represent the quantities, but x is used most frequently in algebra.

the sum of two numbers x4 X 1s the first number and
v is the second number.

seven times a number x Tx

half of a number x %

‘the sum of two numbers x and y divided by a third x4y
nunber z, ! z

the total cost, x, of two apples each costing @ pence  x = 2a + 30

and three bananas each costing b pence

ystitution in algebra
ubstitution, we are told the valus of the letters and hence we can calculate the actaal value of

Ifx =2, y = 3and z = 4, find the value of the expressions: () 3x (b 2y* (c) 2x — 2

@3x=3x(2)=06 3x means three multiplied by the value of x.
(b) 2y =2x@P=2x9=18

() 2x—z=2x2D)—- @) =4—-4=0

Note that the value of the letters can be negative and/or a fraction value. The process of
changing the letters to their number value is still the same.

orming simple formulae

¢ many mathematical formulae in current use, but what if the formula gives one variable
eed another variable somewhere else in the same formula? In these cases we have to

¢ the formula for our required term, Take, for example, the formula used to find the area of

t

Subject of formula Reguired term

Area =20¢m? ?

Length = 5em

inla is used to calculate area when we know the values of length and width. We say that
subject of this formula. For the rectangle above we know the area and the fength but not
so we have to rearrange the formula to make the width the subject.

ge the subject of the formula we leave the required term whexe it is and step by step move
y from it so that it is iselated on one side and becomes the new subject of the formula.

fie same s solving an equation for a required unknown,
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iate the formula x = cy — 4 so that y is the subject.

= cy —d We need to eliminate the —d first,
=cy-—-d-+d Addd toboth sides. _
d=cy There are no ds left on the vight-hand side.
)
- % Divide both sides by e.
=y ¥ is now the subject. '

When we move a tenn from one side to the other, we are effectively inverting its operation:
+ - - —*+
K —> S ¢

2=y fx bl

~ Now we will solve the rectangle problem on page 63.

Area = Length x Width We can simplity this further by using the first letter for
A=LW gach term.
¢ chang;;sides To isolate the }¥ we need to move the L to the other side,
4 —W remembering to use the inverse operation of multiply by Z,
L which is divide by Z.

Now ¥ is the subject of the formula.

So ¥ = ? — Aem Substitute 4 = 20 and L = 5, to give =4 cm.

"The width of the rectangle = 4 cm.

Yor each of the following formulae, rearrange to make the letter in bold the subject:

b ta
(8 x=~— o S=— (c) E = mv?
y P
b
@ x=-
Y
xp=2>b Move y to the other side to remove the fraction.
y == b Isolate y by moving the x to the other side, remembering to use the
';“ inverse of multiply by x, which is divide by x.
a
® s==
g
Sp =ta Eliminate the fraction by moving the p to the other side. The
inverse operation is multiply by p.
Sp - Isolate ¢ by moving the muitiply by ¢ to the other side so it
d becomes divide by ¢,
(©) E=mv?
B 9 , . -
P v . Move the multiply by i to the other side to become divide by m.
— =y Remove the square by moving it to the other side where it becomes -
i
a square root.

The whole process becomes much quicker with practice. Make sure that you use the correct
mverse when you move a term from one side of the equation to the other,

The method of rearranging formulae is called fransposition and is extremely powerful, as we will

see when we look at solving equations in Unif 24, It is used in many other topics throughout the
syllabus,
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Algebraic representation
and formulae

Construct equations; transform more complicated formulae

anstructing equations
order to construct an equation, follow the three simple rules below:

» Represent the quantity to be found by a symbel. {x is usvally used.)
« Form the equation which fits the given information.
« Make sure that both sides of the equation are in the same units.

Express algebraically: five times a number x minus three times a number y.

5x — 3y Five times x is Sx and three times y is 3y,

A girl is m years old now. How old was she 3 years ago?

m—-3 Three years before her present age will be m

minus 3 years.

1 think of a number. If I subtract 9 from it and multiply the answer by 4, the result is 32. What is
the mumber I thought of?

Hx —9) =132 Let the unknown number be x. I I subtract nine
4x —36 =32 from it, it becomes » — 9. | then multiply it by
4x =324 36 four, so x — 9 goes inside brackets because the
x =17 whole expression is multiplied by four. The

thirty-two goes on the right-hand side of the
equation. Then solve as a linear equation.

The sides of a triangle ate x om, (x — 5) om and (x + 3) om, If the perimeter is 25 cm, find the

lengths of the three sides.
x+x—-54+x+3)=25cm
3x~2=25cm

Perimeter of the triangle is the sunt of all three
sides, so we simply add the three lengths.

x="9%cm (one side)
{(x —5)=4cem (second side)
(x 4+ 3)=12cm (third side)

When we have the first dimension, using
substitution, we can find the remaining {wo
sides.

Note that we have gone one step further with examples 3 and 4 and solved fos x. Solving
equations will be looked at in greater detail in Unit 24,
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Transforming more complicated formulae
¢ operation’ 1s primarily used again, the formulae are

Although the method of ‘change sides, chang
more complicated in the extended syllabus so we need to transform the formulae in the following

sequence:

Remove square r0ots or other roots,

Remove fractions.

Clear brackets,

Collect together the terins containing the required subject.
Factorise if necessary.

Isolate the required subject.

Tt is unlikely that a formula will
contain all six operations, in
which case go to the next
applicable operation in the list,

oy L o e b=

Make p the subject.

M:S(x-l—y)

M =5x -5y Fxpand the brackets.
M — 5x =5y Move the 5x to the other side to become —x
M — 5% .
5 ¥ = Move multiply by 5 to the other side to becomne
divide by 3.

Simplify.

YE AT Make x the subject.
@d+xy=17 Remove fractions: move divide by (4 + x)to
4y 4xy =" the other side to become multiply by (4 + x),
then expand the brackets.
xy="T—4y Move 44y to the other side to become —4y.
7--4 :
x = Y Move multiply by » to the other side to become
y divide by ¥.
x= 1. 4 Simplify.

Make x the subject.

AR EET
2+3Ix)y=2-75% Remove the fraction by taking (2 + 3x) to the

other side, and expand the brackets.

Collect the terms involving x on ong side; move

2y +3xy =2 — 5%
other terms to the other side.

5% 4+3xy=2—-2y

x(5+4+3y)=2-—2p Factorise Tor x.
2-2
Sl 3}; Mave (5 + 3) to the other side.

Note that the cotrect sequence must be followed: if an operation doesn’t apply, then move to the

nexi in sequence.

e
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| Algebraic manipulation

Calculate algebra with directed numbers; expand brackets and factorise

In Unit 3 we learnt that directed numbers are numbers with either a positive or a negative sign,

hen using these numbers in algebra, it is important that we follow the same rules as we would for
tmal directed number calculations:

(positive number) x / -:- (positive number) = (positive answer)
{negative number) x / + (negative number) = (positive answer)
(positive number) x / -+ (negative number) = (negative answer)
(negative number) x / + (positive answer) = (negative answer)

3y X (—2p) = 63 and 3y x —2p = 6y2.

xpanding brackets

t removing brackets, every term inside the bracket must be multiplied by whatever iz outside
cket,

Expand the brackets and simplify where possible:

@) 3x+2) (b) 2¢(3a +4b — 3c) ©)3x—4H+204-x)
@ 3x+2D=3x+6 The expression means three lots of x and three
lots of two,
(b) 2a(3a + 4b — 3¢) = 64® + 8ab — 6ac 2« must be multiplied by every term inside
the bracket,
(© 3x—D42(4—x)=3r—124+8—2x Expand the first bracket and then the second.
=x—4 Collect together like terms and simplify.

Simplify the following expression:
2Qa+2b+2)~(@a+b+c)~3a+b+e)
=da+4b+dc—a—b—c—3a—3b-13c Expand cach bracket in turn to give all nine terms.

=4a—a—3a+4b—b-—-3b+dc—c—3c Collect together the like terms to form one
=0 simplified expression,
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Factorisation |

Factorisation i¢ thie reverse of expanding brackets, We start with a simplified expression and put it
back info brickets. When factorising, the largest possible factor (number of letter) is removed from
each'of the terms and placed outside the brackst.

Factorise cach of the following expressions:
(@) 6x +15  (b) 10a+15b—5¢c (o) 8x?y — dxy*

6x 15
(@) 6x+15=3 (~~ + ——) 3 is the highest number that will divide into both
3 3
Sand 15,
= 3(2x -+ 3) Highest number factor is 3. There is 10 common

letter, so only 3 goes outside the bracket.

10 156 5S¢ 5 is the highest number that will divide into
(b) 10“+15b*50=5(—5“+_5“*“§) 10, 15 and 5.
=5Qa+3b-¢) Highest numbes factor is 5. There is no

common letter, so only 5 goes outside the
bracket.

82 4xy? ) )
s _ DV 4xy is the highest common factor.

() 8x2y —4xy*  =4dxy (
dxy 4xy

= 4xy(2x — )

Factorise 473 — 61> -+ 8r2s.

4 6 8rls
= 2r? (5}—2 ) + g;‘f) Highest common factor is 2.

= 2¢2(2r — 3+ 4s)
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Algebraic manipulation

of two squares, quadratic, grouping methods

panding products of algebraic expressions

Manipulate harder algebraic expressions, algebraic fractions; factorise using difference

iese expressions are more complicated, in particular they use double brackets, When expanding
uble brackets, all terms in the first bracket must be multiplied by all terms in the second bracket.

Expand the following and simplify your aﬂswer:
@E-+EJ+2 O eQ+DRy-2)

(&) (x + 3) & 4+ 2
4 t $ o =x"+5x+6
1st term 2nd term  1st term 2nd teym
(81) {B1) (82} (B2)
(Bracket 1) (Bracket 2)

O @y+1)Qy—2) =4y’ —4y+2y -2
= 4y2—2y—2

(6) (4x +4y)* = (4= +4y)(dx + 4y)
= 16x2 + 16xp + 16xy + 16y?
= 16x% 4 16y% 4 32xy

(©) (4x +4y)*

=x242x +3x+6 All (erins in one bracket must be

multiplied by each term in the other
bracket:

Ist (BI) x Ist (B2) = x?

Ist (B1) x 2nd (B2} = 2x

2nd (B1) x 1st (B2) = 3x

2nd (B1y x 2nd (B2) =6
Same rules as above, simplifying
the answer whete possible.

The whole of the bracket is squared,
50 we have to write out the bracket
twice and multiply out each term.

factorisation

¢ three basic methods:

{ctorisation by grouping

ifference of two squares
ctorisation of quadratic equations,

Involves 2 terms.
Involves 3 terms.

&5 2-4 demonstrate cach method.

ion by grouping

Usually involves 4 terms.

Factorise the following expressions:

{a) ax + bx + ay + by (b) 6x +xy <+ 6z + zy
(@ ax +bx+tay+ by = ale + )+ x4+
= (a+b)x + )

) 6x -+ xy+ 62+ yz = 6(x + 2} -+ y(x +2)
= (6 +¥)x +2)

(©) 2x% —3x - 25y — 3y = 2x(x +¥) — 3(x + )
= (2x —3)x + )

(c) 2x* —3x + 2xy — 3y

Since {x + ¥} is a factor of both
terms we can place a + b inside the
other bracket.

Now (x 4- 2) is a factor of both
terms, so we can place 6 + ¥ inside
the ofher bracket,

(x + ¥) is a common factos, so this
goes in one byacket and 2x — 3
goes in the other,
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pand the expression (x + P - y) s
Fp)x =) = oy txy—yt=xt— 7

x% and y? are both squared terms, 50 x* — y* is known as the difference of two squares,

Factorise the following:
(2) 4a® — 9B (b) 144 —

(a) 4a® — 9b* = (ay* — (36)*
= (21 3b)(2a — 3b)

() 16x* — 81y*

In this case the 2a term will represent the ‘x’ and
the 3b term will represent the *y".

(b) 144 — y* =(12)" - ¥
=(12+012-Y)
(c) 16x* —81y* = (@x2Y — (9y?)
= (4x* -+ 9y¥)(4x? — 9y2)

Now the 122 is the first squared term and the 2 is
the second squared term.

The (4x2) tetm represents the first squared term
and the (9y7) term represents the second squared

term.

Em Note that each of the above answers can be checked by reversing the process,
the brackets back to get the original stated question. The fast equation becomes:

i.e. by expanding

(4x” + 9y")(dx” — 9y%) = 16x% — 36x%y" + 36x%y? — 81y

= 16x% — 81y"

This is the original problem.

Factorisation of quadratic equations

A quadratic equation is any equation which contains a squared texm, such as x? 4 5x + 6. Any
quadratic equation can be written as a product of two brackets.

Factorise the following quadratic equations:

(@) ¥ +7Tx+12 () »* —2x — 63 (c) 3x* +8x -+ 4

(a) x* +Tx +12

We know that first torm in each bracket must be ¥, since x
other terms, follow the method below.

+7x +12
t 1
Sum of the Product of the

two numbers  two numbers

multiplied by = x2. In order to find the

x? Products which make 12 are 4 X 3, —

2% —6, 1% 12, —~1 x ~12

4y =3,2 %6,

Qums of two numbers which make Tare4+3,6+1,512

As 4 and 3 are the only numbers that give the correct sum
and the correct product, these must be the missing terms.
s Tx 4 12 = (x -+ A)x + 3}

Note that the order of the numbers is not important.

(b) x> —2x —a3 Products which make —63 are 9 and ~7,7 and —9, 3 and
21, ~21and 3, -1 and 63, —63 and 1.
t t
Sum Product Of these, the sum of two numbess which make —2 are 7

and 9.

As 7 and —9 give both the correct sum and the correct
product, these must be the missing terms.

K242~ 63 =+~ 9
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() 3x* 48 +4 This type of question is more difticult because we only
t 2 know that the product is 4 and that the first ferm in
Product of Product of  each bracket is x and 3, so we have to list the products
x and 3x two numbers  of 4 and see which two numbets go in the brackets to

give us the middle term of 8x.

Products whichmake 4 are 2 x 2, -2 x —2, 1 x 4,
-1 x —4,

By trial and ervor, the only two numbers that will give
us 8x after expanding the brackets are 2 and 2.

3t 4+ 8% 4 =Gx +2)(x +2) )

# Note that you should always check your answers at the end by multiplying out brackets to get
back to the original problen.

nipulating algebraic fractions
rules for algebraic fractions are the same as for normal fractions.

gxample, when multiplying or dividing:

" e

R » d- 5"

n adding or subfracting, if the denominators are the same, we just add/subiract the numerators.

b__ab a ¢ a d ad
¢ c

b_atbd X oy x-—yp
s 5 2 2 2

ot
5
ever, when the denominators are different we have to manipulate one of the fractions so that

enominators become equal:

3 4 3 7 First fraction must be multiplied by 2 to make the
X 2y 2y 2y 2y denominators equal,

ver, in some cases one denominator is not a multiple of the other, so fhen we have to find a
mon multiple of all the denominators and make this the common denominator:

Sy 9%x 20y 9x 20y

~ o =38 + 36 T g 36 is a common multiple of 4 and 9.
¢n with more complex fractions, the method of finding a common denominator is still required:
1 2 . .
T 213 Now a comimon denominator is the product of x—2 and
1 T 3 9 9 x—3 We multiply‘;‘:i by E% {(which is equal to 1) and
xET2 x 2 multiply TE% by % {which is also equal to 1).

Multiplying by 1 in each case means we have not
changed the value of the fractions,

1r —3)—2(x-2) The two fractions now have a common denominatar and
(xr~2)(x—3) can be combined and then simplified.

X—3—2x+4

x—-2)x—123)

L x Al

(= 2)(x ~3)
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e following algobraio fraction: - — o
aic fraction:  —— — ——
ip If}:ﬁ:t he following algebraic ira 4y 6y
onL 3m _ Sm(6y) 3m(4y) Express the fractions in tesis of a common
dy 6y (@)6y)  @)6y) denominator (4y} (63).
— 12
= w Multiply cut the numerators.
(@y)(6y)
I
= Bmy Simplify the fraction to its lowest terms.
242
_3m
=4
2r  5¢ 3r
Simplify ——+— —
TPEY 5y + 4x  2x
2r 5# 3 8 L5r  18r
3x 4x e 12x C 12x  12x  Common denominator = 12, s0 we muitiply
xT 4 X?3 xT 6 each fraction by the appropriate number and
Sy then simplify the numerators.
v

Simplifying algebraic fractions involving quadratics

% —2x

When you have an expression suchas  —
x2—5x 46

then cancel where possible.

factorise the numerator and denominator and

-2 x@D
¥—5x+6 (v —3xD)
x

Simplify the following algebraic fraction:

x* —

x2—5x+6

2x

x? — 2x factorises fo x(x — 2).
x? — 5x + 6 factorises to (x — 3)(x - 2).
Cancel the commen terms.

x—3
Simplifying the following: x F 4
puiying E 12
x4 x(x A%
R2x—-12 7 FDE-3I)
R
L x—3

x2 L 4x factorises to x(x + 4).
x2 4 x — 12 factorises to (x +4) (x — 3)
Cancel the common terms,
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Solve linear equations; solye simultaneous finear equations

Solving linear equations

The method for solving a linear equation is basically the same as for transforming formulae, but
We are now giyen enough information to completely solve it,

Counsider the linear equation x 4-4 = g
We can fearrange the formula so that x becomes the subject;
' ¥=9—4=5 which is the solution for x,

This method of ‘change sides, chan B¢ Operation’ (see Unijt 20} is used when solving linear
equations, although the equations do get a ljtfle more difficult,

Solve the following linear equations;
(@) 3x +4 =19 ® 2%y -3)=5 (c) 6x +9=3x - 54

@ 3x+4d=19 Move the 44 to the other side to become —4,
3x =194
3x =15 Take the multiply by 3 to the other side fo become divide by 3.
x=35
(6) 2(y — 3y=6 Expand the brackets, take the —6 to the other side to beeome 16,
Zy~6=¢ then take multiply by 2 to the other side to become divide by 2,
y=6+6
y=6
© 6x+9=3y_ 54 Take the +3x to the other side to become —3x and the +9 to the
6% — 3y = 54 _ 9 other side to become =9, then simplify. Move the multiply by 3 to
Ix =—63 the other side to become divide by 3.

X = -2]

Ox — |
Solve the equation for x: 7—2_25 = j—,?&

le('? ) _ le(gx —1 Eliminate fractions by multiplying by the LCM (21),

3 7
N7+ 2x) = 300x . py

49+ 14x = 275 3 Expand brackets, move the xs to one side and numbers to the other
4943 =27y 4% side, temembering to invert the operations.
52 = 13x
4=y
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g simultaneous equations

tire we are looking for the value of two nnknowns, usually x and y. There are two methods
olving simultaneous equations. Both are used in this example.

2x+y=14
it+y=9

()
(in)

1st method (elimination)
With this method we have to eliminate either
the x or the y term by adding or subtracting the
equations.

In the equations above we can eliminate the y
terms by sublracting the second equation from
the first:

2x—i—y:14
—x+4y=9
x+0=3

Therefore x = 5. Now we substifute the value
for x we have just found into either of the
equations:

Find the values of x and y in the following simultaneous equations:

2nd method (substifution)
For this method you need to have a good grasp
of algebra manipulation.

‘We have to rearrange one of the equations to
make either x or y the subject and then
substitute into the other equation.

Choosing the second equation, make x the
subject: x4y =9

X=9~y
Now we substifute this expression for x into the

first equation:

29— y) by = 14
18—2y+y=14

Using the first equation:  2x + y = 14 18—y = 14
2(5) +y =14 8—-14=1y
10+y=14 4=y
y=4
S0 x=35 MNow we have the y-value, we substitute this
y=4 into the second equation to get the x-value:
x+y=9
x=3
Solve the following simultaneous equations: 2x =18 —5p (i)
x+3y =10 (i)

Using the substitution method, we rearrange the second equation for x:

x =10—3yp 3y has been moved to the other side to become —3y,

2(10 —3y) = 18 — 5y  Now we substitute this expression for x into the other equation to
find the value of y.

20 — 6y + Sy = 18

Once we have the value of y we can substitute it info the second

2(4) = 18 — 5(2)

20— 18 =y
2=y equation to find the x-value.
2432 =10 Now we check our valyes:
x=4

8 =8 Correct
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anaous éc}tiaﬁohs which have different coefficients
ave to 'ﬁlénipulate one or both of the equations so that one pair of coeflicients is
and titen vse the elimination method as before,

Solve forx and y; 4y ty=14 . (i) -

6x — 3y= 3 (H)

3(4x+ p)=3x 14 We can make the coetlicients of ¥ equal by multiptying the
12x + 3y =42 {iii) first equation by 3.

Then using the elimination methog:

2x 4+ 3y =42 (iit) We add the manipulated equation (iii} to equation (iD). The ys aye
F6x — 3y =3 (i) now eliminated.
—_— T
18x =45

x=23
Usingx =25,
6(2.5) - 3y =3 Substituting the value of X inko equation (1) finally gives us the
I15—-3p=3 value of y,
y=4 Don’t forget to check!

{ Solveforxandy: 5y — 3y=-05 (i)
3x+2y=35 (if)

2(5x —3y) = 2(-0.5) Multiply the first equation by 2 and the second equation by
10x — 6p = (i#) 3. This gives equal y coefficients,
3Bx+2p) =3 %35
9 4 6y = 10.5 {iv)

10x — 6y = — By adding equations (iit) and (iv), the »s are eliminated and
+9x + 6y = 10.5 : ¥ can be found.
19x =95
=013
5(0.5) 3y = —0.5 Substituting ;)ur known Vﬂ][lﬁ. of x into the first equation
25-3py=—05 fivally gives us the value of y,

y=1
B Note that we could have eliminated the x coefficients first by making them botp equal to £5

{equation (i) multiplied by 3 and equation (if) multiptied by 5). We would have abtained the same
values for x and »
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Solution of equations and
inequalities

Solve quadratic equations by factorisation and efther by use of the formula or by
completing the square; solve simple linear inequalities

ution of quadratic equations
here are three methods of solving guadratic equations:

o factorisation
« using the formula
= completing the square

e mentioned in Unit 21 (Bxtended) that a quadratic equation takes the form ax? + bx + ¢ where
, b and ¢ ate constants. We also looked at the factorising method, so this will not be examined
gain in detail. But we need to look at how we actually solve a quadratic equation once we have it
brackets form.

Solve the equation x% + 3x — 10 = 0.

The squared term x? tells us that the equation has two possible values. First we factorise:
b3 —10=0—>(x + 5 x —2) =0 Pactorising method,

Therefore, if (x +5)(x —2) =0 either (x+5=0 o EF—2D=0

S0 x=-35 or x=12

Now perform a check,

If x == -3, Ifx=2
(=5 +3(~5) - 10=0 (2 +3(2)—10=10 Since the lefi-hand side of the cquation is
25—-15-10=0 44 6—10=0 equal o the right-hand side we know the
0=0 0 =10 answers obtained for x are correct.

We can solve quadratic equations cither by using the completing the square method or by using the
quadratic formula. We look at the quadratic formula method on page 81.

R AT G LTI LY PSS it v

Selution of equations and inequalitie




a., .
the form ax? 4 bx + ¢

| Solve the equation x? + 5x — 7 = 0, giving your answers {o 2 decimal places,

Comparing this to the standard quadratic equation ax? 4 bx 4 ¢, we see thata = 1,b =5, ¢ = —7.

b+ B —Age )
Using the forpmula x = mé%jiﬂ we can now substitute the values of @, b and ¢ into it
a

_ ) kP-4 x (1) x (D)
- 2x1

=53+ 42528 =5 - /25 428 . .
= or — Agam we have two possible values for x,
228 N _12.08 Botl need to be checked.
2 2
= 1.14 or —6.14 Hx=1.14

(114 +-5(1.14) -7 =0
F2996 4+ 5.7~ T=10
6.9996 — 7 = approx. 0

Note that the left-hand side doesn’t exactly equal zero due to rounding up errors in our
calculator but it is very close. '

If we do not have the a or & constant values, we would substitute zero for these terms in the formula.

Solving linear inequalities
We looked at simple inequalities in Unit 5 and will see graphical incqualities in Unit 25, so make
sure that you are familiar with the symbols,

When solving an inequality treat it as a normal equation, only considering the symbol at the last
stage of your working.

Solve the inequalities (a) x+3 <7 ME=<x+1.

@x+3<7 Move +3 to other side to become —3, simplify to obtain the solution and
x <7—3  other possible solutions for x that still satisfy the inequality.
x <4

So,xcouldbe 3,2,1,...

(b 8§<x+1 Move-l1 to other side to become —1, simplify, then solve for all possible
8—-1<x values of x,
T=x

So,xcouldbe 7,8, 9, ...

Solve the inequality 9 — 4x = 17.

9—dx > 17 The +9 is moved to the other side where it becomes —9, the multiply by —4
—4x = 17--9 goes to the other side where it becomes divide by —4,
—dx > §
x -2 Invert the inequality to eliminate the minus sign,
So, x could be —2, —3, —4,,,.  Possible solutions for x.

Solution of equations and inequalities
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olving harder inegualities

ke, for example, the inequality 5 < 3x -+ 2 < 17, Here x has a range of values that satisfy the
cqualities 3x + 2 > Sand 3x + 2 < 17,

Find the range of values for the equation 5 < 3x + 2 < 7.

ist part of inequality 2nd part of inequality .
5<3x+2 Move -2 tothe other side 3x 42 < 17 Move +2 to the other side
5--2 < 3x to become —2, move 3x <17—2 tobecome —2, move
l<x muttiply by 3 to the other x5 niultiply by 3 to the other
side to become divide by side to become divide by
3, and solve for x, 3, and solve forx.

Now we can see that x is both greater than 1 and equal to or less than 5, shown as an inequality;
I<x<5

So, the x-valuesare x = 2, 3, 4, 5.

The process of solving inequalities is very similar to that of solving linear equations, but remember
hat when you have a negative x-value, make it positive by moving it to the other side of the

quation,

When you have to find a range of values as in Example 5, treat the problem as two separate
. inequalities, solve both and then use your answers to form one general solution(s).

Solution of equations and inequalitias




