VACATION WORK FOR AS MATHEMATICS

Before starting any Mathematics AS course at Waddesdon you will need to have
studied the following at GCSE:

Solving linear and quadratic simultaneous equations

* Expanding brackets — single, double and triple

®  Factorising

»  Solving linear equations

*  Solve Quadratic equation — by factorising, using the quadratic formula and

completing the square and locate the position of the turning’ pomt

»  Solving linear and quadratic mequahtles

* Indices ‘

*=  Surds ’

= Co-ordinate Geometry: y = mx+c, ﬁnd the m1d—pomt distance between two
. points :

= Functions

»  Simple algebraic Proof

Each of these topics is essential background knowledge for the courses, which you
will follow in September.

~ You will be expected to have taken the Higher Tier examination at GCSE and
achieved a minimum of a grade 6, but preferably a 7 or better. In addition, you
will be expected to pass an algebra test based on GCSE work in order to proceed
with the course as this provides you with the foundation to succeed with AS
Maths. For the first few lessons of the AS Mathematics course, these basic
algebra skills will be revised. You will sit the test the week beginning the ..... Sept
20...., in order to check your suitability for the course.

HOW TO WORK THROUGH THIS PACKAGE

As a minimum you should read the examples enclosed for each topic and do all the
questions marked with a star in the exercises. Do all your work on lined A4 paper, as
you will be using a ring binder in the sixth form. You may feel you want to do more
questions than this so the answers to all the exercises are included at the back. -

“If you find any toplcs particularly difficult, I would recommend using a GCSE
revision gu1de or GCSE Maths webs1te such as mymaths BBC bitesize.

t When you arrive in September remember you must bring in your answers to all
“ of the starred questions and that you must be ready to sit a test in'the week

beginning .. 3..Sept

If you have any questions, please see M. Hughes

NOTE: the vacation work pack will be handed out during the mducuon days in the
summer '
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= A number written in the form o is an index number.

-; The laws of indices are:
a" X gt = ¢"**  Tomultiply two powers of the same number add the indiges.
a*+ gr=g"-"  To divide two powers of the same number subtract the indiges.
{@on = gmxn To raise a power to a further pawer muftiply the indises together.
You will encounter negative and fractional indices in Chapter 25.

a ¥ b 26
R BT=BXIXBEXF , iy
e ‘ Remember that a® means that you
b P PXPKEXDKIKD muitiply three ¢s together.
_ It does notmean a X 3.
Write each expression as a power of 5. a 50 x 5 h 52+ 5 o (532
,' Y
a 5EX G4 =54+0 {———————{ Use theindexlaw o™ x ¢* = . “j
— 510 -~ . -
h BIZLmt=512"% {——~—-—~{ Usetheindexlaw a®<+aq'=qa* " )
= 5&

¢ (B2R=5x2 {——{ Usetheindexlaw (@M = " *" ]
=6
=\

’Qesu%:z&%zlﬁs‘ ~ R
¥  ExaminersTip g

Work out———zxgi‘1

47X 4 _ 47 xal Work out’ means "evaluate’ the expression,

4° 43 o rather than leaving the answer as a power.
4 Simplify the top
=y &
47 of the fraction,
=43 add 7 and 1. 3 P\?»%U LS@}US

Watch put!, »

=4XAX4=064 % As the question asks you
to ‘Work out'. the final
answer must be a number,

Rememberthat aisthe same as @,

ﬁ Write as a power of a single number ' :
a 6EXE B 47+ 42 ¥c (78 S H g e Bx3P?

Work out
a 18X 10% xhk 5+5

4]

(232 g 3+ 3 xe 4X&

Find the value of n

a 33 =3 h +8=8 %¢ ZX2=29 d 3XF=3 e BxXB=r

& Wiite as a power of a single huraber

Fx P ¥ x5 %, BXB
§ b & £ =5 d
Work out
FxF * 25 % 7 g .
TR Ll ¢ IXE d
Work out the value of n in the foflowing
%d o=5X2 b 32=2" ¢ W=2"X5 ¥d

12 % 41
13X 4%

BX7
PXT

B4 =2 X3!



a Simplify & X ¢

b Simplify 51°2° X 2%z

Group like terms together before

PR & . . . . . . -
a ¢ X¢ c~>\’ CXEXEXEXEXC o attempting to use the Jaws of indices.
=¢ & | Note:5+4-=7.}
| S
—
b Sy?z% X 2yPz=5 X y* X PX2Xy?XE {-—-—:;:;‘ Zisthesame asz! l
&

=5X2Xy*Xy2Xz7Xz!

=10 % y>2 X z5+1
‘(“"\\\‘ '
=10Xy7Xz% TN

Using tP X g7 = o * 7 }

Simplify
a mXmXmXmxXm ¥h 2pX3p ' ¢ ¢ XAy X5

Simplify
a i#xd b nxnd £t 2" Xx XXy

B  simplity
g 2p* x 8pt ¥h 4a X 3a ¢ 7 X 5b? 4 3n?X6n

PE  Simplify
Wa 5% X 43 b 221® X 3yt c b x7a%
4 deds X 2¢d? e 2mn? X 3m3n? X dmin

a Simplify &° = 2

RN 11T
b Slmphfyi@am
5. gz _dXdXdXdXd
a (l < (1 E—g dX{]

=d> <——~—-—~»-~—---{ Note:5 -2=3 } ‘ ;
10227 ~ Write fractions, such as%;
——21———;/—3——- is thesamz as 10x4y° = 2ay® aspf + pi,
100%y% + 2ay® = (10 + 2) X (x* + ) X (y° + y%)
=5 Xa* X yE
\\f\
=5 XxXy? Usingm-"—:«x":xp“")
= Sxy?
Simplify
a o +da b =D ¥ c% d d*+ B
Simplify
5o 2073 7 < A2 B .o 945 204°
a bg*+3g wb 120" +4p ¢ 82+ 2x *d_Z,lT
Simplify e 2 5 20l
%3 b 305G + B ¢d B X 200
a 15a%% + 3a%h 30p3g* + Bply € San ¥ d ™

Smn X 4mn?
2t




Simplify {2¢3d)*

Method 1 »
(2¢d)* = (2)% X (¢*)* X (d)* '
. ™ Examiners Tip
=16 X ¢? y‘; X d* xr:é B o E e 1
“\—::;—:{ Using (tP)7 = xP*¥ ) You must apply the power to
=16 X ¢'* X d* number terms as well as the

algebraic terms.

= 16¢"%d*

Method 2
(2¢7d)* can be written as 2¢%d X 2¢%d X 2¢%d X 2¢%dd

=2X2R2X2X XK AEXEXIXdAdXdXd

=16 X c3+3+533 X %
A)

16 x ,’ﬂxd1\[Usingx”X.‘t"=x”*" )
= cie -

= 16¢"%d*
Simplify
a (dP xb (0% ¢ %P d {d
Simplify
21342 Y] 52 m'\3
a (2p%) b (33 xc (52 xd (2]
& Simplify s\
ya (283 b {Te33) ¥ o (5p%gP d (W)
& The laws of indices used so far can be used to develop two further laws.
Prat=ati=ad 2%+ b
Also = XX x_ == J._
aXaXaxXxy x

2t = at = 1 since any term divide itself .
since any ded by Also, using & + x = a4

is equal to 1. N .
a P xt=g3t= !

refore 2% = 1 ' .
Therefore x Therefore x1 =—%

In general

In general
=1 4

P 1 {
v



%1 The laws of indices can he used further to solve problems with fractional indices.
The square root of x is written /%, and you know that;
VEX VX =

Usmg 'x:P X t" = P
L‘X‘L"“?r el =
and so, :1:2 = /%

i 1
Alsp, 2* X X aF = x, showing that 2¥ = V%

ln general
o=YE

Simplify {3x*y) -2

(Brty)y == & 110& & { Using r“"‘—,:,,, ) ‘ Exammer’s Tfpﬁ,
=3 L . { Using ()7 = 29 \] Remember that a negative
Y power just means ‘one over or
‘the reciprocal of.
@ &2 Simplify
a a™ BBy ¥ ¢ ¢? ¥ d (d¥7
BE  Simplify |
¥ a {¢8)7 b {4 I () ved ()
Bl Simplify
a (2P w b (20470 ¥ (5p%%) d (3¢%d)3

P I T T N e R R R LR R L R TR E Y PRI

L paes ]
Using 2* = ¥¥

g
\\‘*~L Using (+7) = &P % }

Remember that the denominator
of the index is the root.

i
N
&

& Simplify
1 i i
¥a (Ot} b (166Y ¢ (27639 Xd (10035)

B Simplify

s {a%)77 X6 889"

el o

¥ C (32:1:9\1]5)"‘; d (xzys}-%



& For non-zero values of &

& For any number n

Work out the value of

{——————————{ Any number to the power of zero is 1. )

»«{ Usetheruled

t62=6x.6=36 ]

( To work out the reciprocal of a fraction,
turn the fraction upside down.

Square the number on the top and the
number on the bottom of the fraction.

Examiner's Tip

Da not convert the {raction
io a decimal. It is much
easier to square the
numbers in a fraction than it
is to sguare a decimal.

Write down the value of these expressions.

Work out the value of these expressions.

A~ e <
5 “e s

@ In particular, this means that
i 1

«? = ya and @ = ¥a

d 4
h 1450
[ 10

d G)°
b )
| 02




Find the value of the following
1 1
a 26 b (10002 g 16708

i R e
a 25" =y25 -<-~~-*~——-—-‘i The squareroot of 25 is b because5 X 5 =25, j
=

~

I

. e
b (—1000)F =V =1000  ¢mmmrd
L

The cube root of — 1000 is — 10 because W
— 40X -0 X —10 = —1000. )J

= =10
¢ 16795 =1 6"% U Change the decimal into a fraction 0.25 = _11;.
1 | Usetherulea™ =L,
= 5 i «
’] 6:;7 N A s
1 { 1 4 e \”]
= ] 1= Y16 =2
V16 ! &
1 i because 2% = 16
= .
2

et

Work out the value of a 8 b 167

Use the rule ()" = @™,
£ Work out the cube root of & first.
Then square your answer.

_ Examiner’s Tip 4

It is easier to work out the root
first as this makes the numbers
smaller and easier to manage.

®

8 Work outthe value of the following.

¥a g b 4% ¢ 100° d 4 ye (1)
= Workioutth»e value of

wa 20 b 1000° Yoo (—64)S d 125 xe ()
Work out the value of

1 1 ~1 s -t -1

ya 167 B4 o 12573 ¥4 (L) ¥e )7

E¥ Work out the value of ) 1 i
wa 27 b 1000° * ¢ 64 xd 16° e 25

[l workout, as a single fraction, the value of
2 R b} 2 2
y¥-a 12573 B 10000+ w ¢ 2773 ¥d 8= 2o B4

Possx(1) g BEIx(E)

Find the value of n.
8 =8 ¥h 64=2 ¢ L=5 xd TP =1 e (VI =




& A number written exactly using square roots is called a surd.
+#Z and v3 are both surds.

& 2~ 43 and 5 +-/2-are-examples-of numbers written in surd form.
¥4 isnotasurd as v4 = 2.

¢ These two rules can be used to simplify surds.

ITTTIRY, AT "T- .,_-
VX AR = i TR = 1
oY

& Simplified surds should never have a surd in the denominator.

& To rationalise the denominator of a fraction means to get rid of any surds in the denominator.

= To rationalise the denominator of—f—l_-you multiply the fraction byir(i
integer as the denominator. ¥ ¥

. This ensures that the final fraction has an
B4 b xdb D

Simplify v12.

\»’712 =4
= sfz pd -,'/—5- {w i ’/2: =2 ;

L
~
X
€

£ ™S
I Use v X 1T = VA, i

e J

Expand and simplify {2 + v3){4 + V3).

(2 +V2)4 +V3) =8+ 2/3 + 43 +/F X V3T ¢

-—{ Multiply out the brackets. l

=8+6Y3+3 , )
114603 {—-—-—“——“—{\Simpﬁfytﬁe e)fpression. }

ER Find the value of the integer k.

Xa 8=k72 ¥ b V18 =k/2 ¥o V50 = k/2 % d V80 = &/5
Simplify
X a 700 X b 32 *x ¢t V20 x d V28

k— Solve the equation 22 = 30, leaving your answer in surd form.

Expand these expressions. Write your answers in the form ¢ + b/C where a, b and ¢ are integers.
» 2 Y32+ 3 ¥ b (3 + 12 +/3) ¢ (V5 —1)2+ /5)
x @ VT +1)2-/7) e {23 ¥i (V2 +5)



. . ~ 5 . . .
Rationalise the denominator of J—s—fg‘—g and give your answer in the form a + b/5.
v . wommeenney ;

15-y5 _15-V5 . 5

=3 f= /
Vo Vo v

Remember to multiply both parts
VB X5 of the expression on the top of
‘ the fraction.

1575 - 5
5 S ( ~ N
=i Simplify the fraction by dividing both parts of
= —1 + 3/5 I\ the expression on the top of the fraction by 5.

@ m Rationalise the denominators and simplify your answers, if possible.

1 1 5 2 . 4
ol 7 % A 72
Rationalise the denominators and give your answers in the form a 4+ b/ where a, b and ¢ are integers.
2+v2 6—+2 104 5 12-V3 14+ 7
x g ——m b ———— XL ——— X—d A a\(' g ~——
V2 *? 5 V5 V3 AT

— ( Expanding brackets & factorising

Expand 20(n + 3). e ({ Remember to mulbiply bothterms inside the bracket by 20. )
. e

20n+23)=20Xn+ 20X 3 - :
=20n+ 60 (——’“—‘“—{ Write your answer in its simplest form. ]

¢ ' Y
Expand 3(2x +1). ¢« i Multiplyboth 2xand 1by 3. |
ey e
32x+1)=3X2x+ 35X 1
=8r+ 3
Expand plp + ¢ — 5).
pptg—D)=pXp+pXg—pXD {Mw( p X & is usually written as 5p. )

=p*+pg—5p

Expand —2(3x + 1). <—“-{ Multiply both terms by ~2%. J

N

—2x(Ox+ )= 20 X 3x+ —2x X T Lo { For each term, negative X positive = negative. |

= —6x" — 2x : e
@ B Expand

a yly+2) X b glg—3) ¥ ¢ 2tx + 5) ¥ d nld—n)
¥e ab+ f s{3s—4) % g 32 +1) ah dxx —3)
@ Expand
wa —2(m+ 3} b —3(2¢ + 2) ¥ ¢ —m{m + b) x d —4yl2y +3)

se —5p—2) £ —3gl1 - ¢) w it —2sls — 3) >x It =3nldm +n — 5)



Expand and simplify 3{2a + 1} + 2{3¢ + 5).

{ Y
_ et Expand each bracket separately. |
B(2a + 1) + 2(3a + 5)=6a + 3 + 6a + 10 S ”{ i F J

, M(-Collectlike terms.}
=12a+13 < L

Expand and simplify 3x{y — 2) — 2y{x - 3).

Sx(y — 2) - 2y(x — 3)= Day — 6x — 2xy + 6y < [ For the last term, \3
=y — 6x + Oy Lz negative X negative = positive. %
/
«l  Expand and simplify
X a 3t—1+5t b 6p+3p+2 ¢ Blw + 1)+ 5w
¥d3d+2+4d—20 xe 3a+b+2atd Xt 2A5x —y)+5ly —x+1)
I Expand and simplify
¥ a 3y +10} - 2{y + 5) b 6(2c+1)-3la+4) ¢ x—5x+3)
» d glg+3)—3lg+1) we 2nin—2) —ni2n + 1} xi 3mi2 + 5m) — 4ml{1 + m)
B Expand and simplify
s a 5{t—4) —4{t —1) b 3x+3) —2lx~5 xc 2glg+1)—glg+1)
wi 6c2e—3)—cld—c¢) we 4s(s+3)—2(1—s) f plp+qgl—qp—q
t8  Expand and simplify
w a 1s—4{s+1) *xh 12m+3m+2) o 87 —-3ff+ 1}
d sm4+n{n—1) we 2r—xx—y f 7Jp—2pl1 —p)
| Factorise 120 + 8.
The common factor of 120 and & is 4.
120+ & =4( ) & Notethatyouwould not usually writethe 4(  )butit |
=430+ 2) . is there to remind you to find the common factor first. )
. ..
T
Check this multiplies out to give 120 + 8. ]

LW

Factorise 2 — 6y.

{
i

2—6y=2( ) € Pick out the common factor first.
= 2(1 — 3y) i 1 is needed as the first term in the bracket.

Factorise 12 + 3x.

) {-w«—w—w—-{ The common factor of 2% and 3 is X. ]

' i "y
=z(x + 3) {\ Remember to check by muitiplying out.

Factorise 15p — 10g — 20pg.

I

15p — 10g — 20pg= 5( ) & Find the common factor of all three terms. ‘
= 5(3p — 2¢ — 4pq) ’




@

ﬂ Factorise

a 3x+6 hy 2y—2 X ¢ 5p+10g d 147
e 85+ 2 f 9a 4180 &4 151 +5r + 10w hoxt—yl
¥i ac—c ¥ | 62+9x+3 # k 2p7-2p ot | g2—y
m 4x%+ 3x w0 2h— 5 0 pPP+ip Hp 5+
»d  Factorise completely
x-a 5xy + 5xit b 3ad — Bac ¢ 6pq -+ 4hp yd 8y —dy
e 4pg+2ps+8pt ¥ mn— kmn 6 242 +4x h 1252 -2s
X i 6247273 i+ k 3ed? — 5¢d I @b +ab®
m Bpyr + 10prs n 14a? — 7ab? + 21ad o 15x% — 35247 p (3yP+3y

Factorise 5(x + 22 — 3{x + 2).

S5+ 2)2 — 3 + 2)=(x + 2)[ ] S »—-((x+ 2) \'sacommonfactor.}
x+ 2)[5 + 2) — 3] >

=
=(x+2)Ex+10-3] < Simplify the expression inside }
=(x+ 2)(Bx + 7) the square bracket.

)

w2 Factorise
3 a {x+ 37+ 2+ 3) B alx —y) + yle —y) ¢ plp+4)—-3p
d {2t + s)(2t — s) + (2t — 3) ;_ (@ — 5% — 2{a — 5) T (2d+ 124 {(2d +1)

Expand and simplify {x + 2}{x + 3).

B Ii +BrtIxt o % Collect thelike terms.
=22+ 5x+ 6 3

X{_You may use the foil or grid method to multiply out brackets too.

Expand and simplify {m + 2)%

{ A

Method 1 | Take each erm in the first bracket, in turn,and |
(t+ 2)x + 3)=x{x + 3} + 2(x + 3) { multiply it by the second bracket. l
i Expand the brackets. !

i

i

J

(m+ 20 =(m+2)(n+2) ! Writeour(m+2) )
= m{m + 2)+ 2(m + 2) L infull. 5
=m"+2m+2m+4 Note that (@ + b)?is not equal to
=mé+4m+ 4 o+ B

Expand and simplify (2t — 1){3¢ — 2.

Method 1
@Ci—NEL—-2) =2tBt—2)— 1Bt —-2) & ~£ Check your signs are correct. }

= G~ Af—~ Bt + 2
= GIe ~ 7L+ 2



Expand and simplify

:ag.a {x + 3)x + 4)

d {y— 2}y + 3}
g {a—&a—5)
)ei k- 7¢

Expand and simplify
¥ a (x+1){2a+1)
d {y — 33y + 1)
g (3s+ 2}(2s + 5)

s i (2a—1){3z—2)

Expand and simplify
X 2 (x + y}(t + Zy)
d {x—ylx — 2

b x4+ t)x+2)
Xe y+y-2)

h v+ 2P

k {a +bP

w b (x— 13+ 1)

e {(Zp+1p +3)
¥ I {2¢ — 3}2x + 5)
%k (3¢ + 2

b {x— yllx + 2y)

wxe {2p+3¢)3p — g

¢ (x+ 2x—5)

& {t— 2z -3
o 1 {p+ 4P
I {a— P

¢ {(2x +3)x +4)
¥ (2t+ 038t +2

i 3y + 2y — 1)
1 {2k— 1R

v ¢ {v+yle—2y)
& {35 — 2t)2s — 1)

x@ (2a + 3b) * it {2a —3b)?

@ Factorising is the reverse process to expanding brackets so, for example, factorising
1%+ 5x + 6 gives {x + 2){x + 3).

& To factorise the quadraticexpression x* + bx + ¢
¢ find two numbers whose product is +-¢ and whose sum is +b
& use these two numbers, p and g, to write down the factorised form (x + pllx + ¢}.

& To factorise the quadratic expression ax? + bx + ¢
% work out the value of ac
= find a pair of numbers whose product is +-ac and sumis +b
# rewrite the 1 term in the expression using these two numbers
« factorise the first iwo terms and the last two terms
@ pick outthe common factor and write as the product of twa brackets.

& Any expression which may be written in the form a2 — b2 known as the difference of two squares, can be

factorised using the result ¢ ~ b? = {a + bi{a — b).

Factorise 2 + 7a + 12.

The pairs of numbers whose product is 12 are:

You may find it helpful to start

+1 X +12 -1 X =12 by writing d 1 the sirs of
+2 X +6 -2 X~ ‘ZIJ«WS ng towna depz.nrs‘zr2
+3 X +4 —BX —4 nugmbers wiose produclis - Y

P
o N - Find two numbers whose product \;
+3X 4 =412 <€ is +12 and whose sumis +7.
+3 + 4= +7 :
(x + O)(x + 4) Eommesmennamennt Pyt into factorised form using
the numbers +3 and +4.

H

x? +7x+’12

NP




Factorise 12 — 10 + 25.

The pairs of numbers whose product is + 25 are:
+1 %4+ 25 -1 X ~25 You can check your answer by
+5X +5 —-5X =5 expanding the brackets.

Ve

| This may also be written as (v — 5)2. J

=105+ 25=a—-5)x—5) A

®

Factorise

a 12+ 8x+15 b 22+ 8x+7 ®g x2+9%+ 2
d 2?2 +6x+9 xe ¥*—6x+5 xf 22— 2x+1
g ¥*+3x—18 X h 2#—3¢x—18 , i 22+3x—28
i ¥?2—x—12 x k 22+ 2x—24 x 1 -4

¥ m x2—81

S T T S T T T e e R I W I S e R T T T L

Factarise 2 — 100,

Substitute
@=2xandb=10into
a?— b2 ={a+b)a—b).

7

=100 =2a%—10% 2
= (x + 10)x — 10)

it will help you in the
examination if you learn
? — b ={a + bila - b).

a Factorise p? ~ ¢%
b Hence, without using a calculator, find the value of 1012 — 992

a pE=g*=p+q)p-q

b 1012 — 992 é*-wf Usethe result a? — b2 = (a + b)(a — b). “\s
= (101 + 99)(101 — 29) i Substitute p = 101 and § = 99 in the answer to part (a). i
=200%X2 e | J
= 400 ‘“‘g Work out each bracket. ;}

AN

@l Factorise
¥ a %36 h 2?48 Y ¢ yt— 144
v 8 2517 % w?— 2500 ® § 10000 - ¢



Factorise 3x? — Jx + 4.

a=+3b=~7¢=+4 & 4{ Find two numbers whose product is +12 and whose sumis —7. }
ac=i2.b=—~7 A ’
53X —4=+12 I,Rep!ace—'?xwith =31 — 4x. J
- S T A :
S+ —4 =Y /
’.;’./ {
B —Tx+4 =37 -3x—4x+ 4 Ererommmm——i - Fagtorise by grouping.
K P
=%x(x—1)—4@x—1) (————J;ick out the common factor and write
E as the product of two brackebs.
\

= (x — V)(3x — 4)
Pt —Tx+t4a={x—1)(3x—4)

B ractorise

y a t+16x+3 Wb 28+ 1x+5 %o SP+drtd d 82 +6x+1
e 627+ 13x + 6 yef B2 —Tx+1. ¥y 5a?—Tx+2 h 1202 — 12+ 2
P 8 +2x—3 j 22—7x—15 k 74— 18x — 6 I 3x2—10x-8
ym 4t +12y +5 n By — 13y +2 o 6yt—25y+25

'——F Solving Linear Equations

Solvedlx +1) =11

{"W*“{_Expand the left-hand side by multiplying out the brackets. }
dx+4—-4=11~4 <—~»~--—-—~{ Solve the equation as in Section 13.1. J
Ay =77
Ax 7 ‘
T ™ Eaminer's Tip
x="5or 1.75% '
Your answer can be written
as a fraction or as a decimal.
2t +3) =12 B osy+a=35 xB v-1=5 B sw-1=9

21— w) =10

w B 13=4x+3

53—42)=20 xR 2=301+ 31)

v B 20+ + 1=yl 17=6-36-2)



Solveht +5 =3 — 3¢

52+ 5=2—- 5% -
Sr+5+Br=5—531+5r & | Add 3x to both sides of the equation.
%\ Remember — 3 + 31 =0,
Bx+5=3
L e B = e S . { Y
8x+5-5=5-5 '<r~'*—j Solve the equation as in
&xr=—2 Section 13.1. | :
&y _ —2 )
-5 B Always show each stage of
v=—1or —0.925 your working.

i3

Solve3~6x=7-3x ] '
! Here both terms in A have
{ anegative coefficlent.

L

b-ex=7-5x | Add 6 toboth sid
__ ) ., . X to both sides . X
3—6x+6x=7—3x+0Cx VW’“*“'T" of the equation. the side of the equation

} Collect the terms in x on
that gives them & positive

G =7+ 3x coefficient.
5= 7=0x /
~4 =3¢
=4
3

sl tw+3=8+2¢ B sb+3=0-7 ¥BH 3c-2=5c-38 »E§ d+7=50+15

wEB 3-2=4-3 1~7f=3f+10 Wfif 2r—~=zx+7
B 2+5=1+32+x) v Bl 3x+1)+21-5rl=2+x

H 6+20x—3)=2—3(1-2)

12 _ =
12 < (s = oy & | Multiply both sides of the equation by (b + 2). E
E,:-I:%" (pA-Zj=3X(p+2) 5\ The terms in () + 2) on the left-hand side cancelout. J
12=3{p+2)
12=5p+6
12 -6 =2p
Ap=0
p=2 Always try to remove the

{raction first.




/N

¢
L Multiply each of the three termsby 12. }

e(x%1)~4(4x-— 1)=5

Gx+6—16x+4=5 [Remember:—4X~1=+4J

—-10x+10=5
—10x=—5
@ Solve
, Py m,m._
¥ £ +3=1 ST =1
X —
¥ & 2q%z-3)=16
2
3+6, 59 _ _1—x_5x+2 y—4 yx1 1-y
B Y25 =t B -5 =" E = 5 "3

# You solve a linear inequality using a similar method to the one you use for solving a linear equation

—P & liyou multiply both sides of an inequality by a negative number, then you must reverse the inequality sign. &—

Solve 3(x + 2) > 5 — x and show your answer on a number line.

x+2)>5—x &t Expand the brackets. j
e 3,
Zx+o>5—x -
. . 3
x+6+x>5 G Add ¥ to both sides. |
i i
4y +6>5
. . 1
4x > 5 —0 Lot Gubbract € from both sides. J
Z43-2-10 1 2 3 45 6

x> —025 M{Divide both sides by 4. )




Solve —3x = 12.

—3r =12

e .
1P = By F——— Add 3xtobothsides
T —172 and subtract 12 from

both sides.
A, . o
;7 ~
r= —4 & Divide both sides by 3.
, , ;

Solve these inegualities and show each answer on a number line.

¥a x+1>5 fhox—3=—-2 ¥c +5=1 d W0x—7>9
Solve these inegualities.
a 3x<<x+9 b 5x—3>2c+9 Mo 2x+3)=11 ¥id 5x—7>3+ 2)
Solve these inequalities.
X a x4+ 3=5t—2 ¥bh 3x+1)<4afx -5
2-3% 4,2 Bx—~3 .. 1-2x

—3=2%—1<8
p is an integer. Find all the possible values of p.

~

—&=2p—land2p—1<& {-—-——————-{ Write the two inequalities seperately. J

N
1—-3<=2p 2p<8+1 (mwmm{ Solve each inequality. ;
—2<52p 2p <9
~1=<p p< A4S

So—1s=p<45
p=-1012734 {.mmmm{ Write down the integer values satisfying the inequality. ]

@ Find the possible integer values of x in these inequalities.

¥ fll 2 —2<z<=5 B —f<a<? c 0<r=<3 d —5=<x<4
’fﬂ a ~B<2r=6 h ~21<58<3 Mc —5<10x<42 d —11<3:<28

wil a ~i<2+1<9 wb —T<B~2=<11 ¢ ~12<dr-7=10 d ~8<2+5=13

Gt



—¥ ¢ Solving Simultaneous Linear equations

Solve the simultaneous equations

dy—y=3
t+y=1 -
Method 1 :
4x—y=3 (1) {'—*—"‘{ Label the equations (1) and (2). } ' v : Thie
z+y=7 (2) W caminers Tip
S5x+0="10 < —-—m! Since — [ and +f ave of different sign, add } R
Laquations (1) and (2) toeliminate terms in Jf. J When deciding which
unknown to eliminate,
5x = 10s0x =2 é—-—»«m{mvide both sides by 5. } if possible choose the
unknown where the signs
Whena=22+y=7 < Substitute & = 2 Into equation (2) 1 are different. You can then
y=7-2=5 —_{ and solve to find the value of i } eliminate the unknown by
Sothesolutionisx =2,y =5. adding the equations.
Checku4 X2 ~5=86—-5=3 x’:—-—-—-[ Check your solution by 1 \_ _J
substituting into equation (1). ) :
Method 2 N
dx—y=23 () {‘———-————{ Label the equations (1) and (2). J
Tt+y=7 2)

y=7—x (m‘——( Rearrange equation (2) } ' Examiner's Tin

L to make If the subject.

B If a fraction is introduced
when making y the subject
of an equation, use an
alternative method since the
fraction will complicate your
working.

4y—(7—x)=3 ,:T_..._.{ Substituts lf = 7 — X inte equation (1). }
Ay —T+x =3
Sxa—-7=3 3 Expand the bracket and solve
Bx=3+7=10 | by the balanics method.

/

5¢r = 10s0x=2 ¢

Oy

«-—~{ Divide both sides by 5. ]

et =2 BT <-{ Substitute X = 2 into equation (2) and solve to find the value of §f. 1

y=7-2=5 )
Sothe solutionisx =2,y = 5. é——{( Check your solution by substituting into equation (1). J ‘
Check 4 X2 —-5=8-5=53 ¢/



Solve the simultaneous equations

Sy -6y =13
3x—-4y=2=8
52 —6y=13 (1)
dx—4y=25 (2)
152 — 186y =32 (3) <*~**{ Multiply (1) by 3 and (2) by 5 to make the coefficients of X equal.

15x — 20y = 40

(4) k Label the new equations (3) and (4).

O+ 2y=—1 ‘f:"“‘{ Subtract equation (4) from equation (3) to eliminate the termsin . }

y=—x

—18Yy ~(—20Y) = —18Y + 20y = +2¥

S5x — ('é X "‘—31-) =13 i’*————‘-{ Substitute f = ~—12—intq equation {1). }

Bx—(—3) =13

5x+ 35 =19
5x =10
x =2
Sothe solutionist = 2,y = —1.

Check: 3 X 2 = (4 X w%) =5H6+2= % ——{ Check your solution by substituting into equation (2). J

¢4y =9
x+ty=>

x+4y =6
3x—2y=4

5 —y=—4
y=2x+1

y Hl 4c-3y=14

2+ 2y = —7

B 5c+4y=5
3x — 5y = —34

3Jx—-y=12

v+y=13

x+2y=19 2x + 5y =12
y=x+3 y=3-1x
-4y =-—-2 Br—3y=-2
y=x+1 y=3-k
3x + 2 =11 ¥ 4x+6y=5
20— 85y =1 rx+4y=4
x -2y =13 ¥ &x-sy=5
4x — 3y =13 v+ 2y = —1



.__ab

duadratic Equations

Factorising

Salve
a 292 = bx b l—y~20=0 ,
) Watch Out!
2 o - ' )
a qu Gt I's ) When there is a power of x on hoth sides
2% —61=0 ¢&—— Rearrangeintotheform | of an equation, do not simply divide both

ax?+bx+c=0. .
sides by one of the powers of x because

: the solution & = 0 may be lost.
22(x —6) =0 % § Factorise. ; Y,

Soeither2x =0or(x —86) =0 & Solve the linear equations. J
giving the two solutions x = QO and 2 = 6.

b y?—y—20=0 ('-—( Factorise into two bracketed termis. J
y—5)y+4=0
Speither (y —2) =Qor(y +4)=0. ¢ Remember: You are looking for two numbers whose
The two solutions are y = 5 and y = -4, product is ~ 20 and whose sumis —1 (ie.—5and +4).

Solve glg + 8) + 4 =6g + 3.

glg+4)+4=06g+3
PFrag+4=060+3 < Expand the brackets and rearrange into the form ax? + bx + ¢ =0. ]
P+a4q+4—6¢g-3=0 :
G¢—2¢+1=0

(g— 1(g—1)=0 %— Factorise.
| N———

Soeitherg— 1 =0orq — 1= 0, giving ,
the two equal solutions g = 1 and ¢ = 1, é————t The solutions are both the same. J
We say the solutionis ¢ = 1.

Solve 4x2 — 25 = 0.

Method 1

Ay? ~ 25 =
4y? =25

¥ =25+4=625 {——{ Take the square root of both sides. }
= *J625 ‘ ol
So the two solutions arex = 2.5 orx = —2.5.

Method 2

432 ~ 25 =0
(2x—95)2x+5)=0 < :
Soeither (2x ~5)=0o0r(2x +5) = 0.
Sothetwo solutions arex = 2.5 orx = —2.5.

( Factorise by the difference of two squares
l method (see Section 9.4).




Solve

> @ xx—4)=90 % b [a+8fa—3)=0 ¥c 2m—1Mam—9 =0
d y? +2y =0 M8 P—t=0 gt 4p2—TIp=0
& Solve
%a;r-zwﬁx%-i}:ﬂ ¥b 2+7x+6=0 X al+x~12=0
d 22 -6x+9=10 ¥ e ¥*—bBr—36=0 ¥ 1 22-16=0

g ¥+ 10x+25=0 w h 22—100=0

ﬁ Solve

¥ a bxl+2Wx+5=0 b 3?—-Txr+6=0 wor 2%+ 7x—4=0 d 527+ HMx—3=0

—¥p» } Completing the square

Write x? + 4x + 5in the form {x + p}* -+ ¢, stating the values of p and g.

WHar=(x+2—4 % { lgnore the constant term. Find the perfect square which will give the

correct terms in X2 and x, then subtract 4 to make the identity true.

ST

So
Al
P42 +5={x+2)" —4+5 <-*~{ Add 5 voobtaina? + 43+ 5. |
. s
={x+ 22+ 1 <““‘“‘°L Simplify the expression. J
p=2,="1 e Compare(:c+2)z+1with(x+p)2+q\
and write down the values of p and ¢.

a Write the expression 24 — 12y — Sinthe form ply + g2 +r.
b Hence write down the minimum possible value of 22 — 12y — 5.
¢ Find the value of y for which 2y — 12y — 5 has its minimum value.

a 22 —12y—B=2@2—6y)—5 & i Take out the coefficient of Iy for the Y2 and Jj terms. }

Leave the constant term separate.

=2y~ 3¢ —-9]—5 {-—»«-m—-{ Complete the square for §% — 6. ]

=2y~3¢~186~5 (‘_.-—__{ Multiply out the square brackets. }

\
= 2(y — By~ 238 & [ Simplify the expression so that it is in the required form. |

i l The minimum possible value of any square number is zero so (I — 3)? = O for any value of . }

.

The m"_"mum p(isslbib‘ value of . ‘Q“"”'*'W“*'“( Substitute (i — 3)2 = O into the answer to part . \
2y~ 3P —-253=2X0-23. ;
The minitnum value of

2y% — 12y — Sistherefore —22.

Thae . e . 2 2 ? — . , )
¢ The mirisnunt valug of 2% — 12y — Booours .. ( Find the value of § which makes (i — 3 = O. )
wheny = 3.

J




® Bl write the following in the form {x + p)* + ¢.

X a 4 4 o2+ 10% Y A2+ 12¢ d -2
e x4z ¥ i xt— 2z g a?+x ¥ x?—3
i i+ dx+7 i x4 8x+17 ¥k 22+10x-20 > x2Z2-6r+11
m x? — 20x + 80 ¥n x?—2x -1 o 2l—-x+1 sep 2+ 5x-5

Bf Write the following in the form alx + p)* + q.

< 8 200+ 12¢
g 3t — 122+ 10

— (~Solving quadratics by completing the square

Bive your solutions: a in surd form
b correct 1o 3 significant figures.

-2 +9=0
(x—BY—36+9=0

FAS

-
Salvex?!—12x+9=0. Lo a2

¥-b 2% — 4+ 5
d 52 + B0x + 100

— 12% + 9 wili not factorise into two brackets
sitice no two integers have a product of S anda

sumof —12,
\

.

-
Complete the square for x* — 121,

Comparing this withp(x + ¢y* + =0

(x—6R—27=0

=27
¥27

373
3

—

0

6
—6=
=6

HH r*t
[+
o l+ I+

a Thetwosolutionsarex =6+ 3/Jandx=6—3
h Thetwosolutions arex = 11.2 andx = 0.804.

~Gr—2=0
—2xr—7=0

¥ a 12

¥ d x? Ye 22—

wda ¥ +8r+5=0

Lgive‘.—‘v,])-‘: 1,g=—6andr=—27.

I
Qw—-——ﬁ—-—-—l\ Take the square root of both sides. )

(‘"‘""‘”’4{ Add 6 to both sides. )

V3

Solve these quadratic equations, giving your solutions in surd form.
b a?4+dx+1=0
fr—3=0

¢ 22410 —12=0
f 522+ 122+3=0

¥

Solve these quadratic equations, giving your solutions correct to 2 decimal places.

b a2—9x+6=0 we tltx—8=0
ywid 222+4x—-5=0 e 622 —3x—2=0 f 1022 —5x—4=0
— ¢ Quadratic formula — you need to learn this
quadratic formula.
axl+br+ =20

—b b~ dac l LEAZA)

\ v 2a
@ If the value of b2 — 4ac is negative, the quadratic

equation does not have any real solutions.



Solvex? =5z +3 =0,
Give your solutions correctto 2 decimal places.

3 —=Bx+3=0 ;w( Compare with ax? + bx -+ ¢= O and ‘ b 2
a=1b=~5¢=23 f write down the values of @,  and . In equations like x* + bx +¢=0
‘ ‘ ‘ d itis helpful to write it as
{(—5)2 —4X1X3Z 4 W +hr+e=
{{—5 b > K & -+ b the value
xr=—{(~-D)x y(=5) 5 & Substituteq, hand N b T ¢ = 050 that the valu
. 2%X1 into the quadratic of ais clearly 1.
e=2% V25— 12 formula. /
2
/
= 5 +é 13 ¢
5-V15
ory = St
2

The solutions are x = 4.50 orx = 0.70

Solve5x* + x — 3 =0,
Give your solutions correct to 2 decimal places.

StfF+x—3=0 (»Compare withax? + bx + ¢= O and
a=5h=1c=—3 <& | writedown the values of q, handc. |

!

_ : _ g = N
132712 -4 X8 X -5 {:"”—-g Substitute @, b and ¢ into the quadratic formula. |

T 2X5 L J
y = —1xv1+60

' 10

U —’l + féﬁi' 4 = *‘1 “\:"m

‘ o o 10

The solutions are x = 0.6&6 orx = —0.686.
@ Solve these quadratic equations. Give your solutions correct to 3 significant figures.
2 +6r—4=0
¥~5x+3=0
61> —5x—8=0

gle—1=zx+5

ey Foints

¢ Aline joining two points is called a line segment.
AB is the line segment joining points A and B.

T

& The midpoint of a line is haltway along the line.

& To find the midpoint you should add the x-coordinates and
divide by 2, and add the y-coordinates and divide by 2.

- N W s O,
) : N f ’

& The midpoint of the line segment AB between

g, + x + -
Az, 1) and B {xy, y) is {"—ELTE, QJT‘QZ)( LEARR] ? 0]




Work out the coordinates of the midpoint of the line segment PQ where P is
(2,3)and Qis (7, 11).

P

x-coordinate 2+7=9 Lt Add the X-coordinates and divide byZJ
9+ 2=4% )

y-coordinate 2+11=14 & Addthey-coordinates and divide by 2. }
“4+2=7 b

| ¥a ABwhenAis{—1,—1}and Bis(9,9) ‘ % PQwhenPis{2, —4)and Qis (-6, 9)
¥¢ STwhenSis(5 —8) and Tis{—2,1) d CDwhenCis{1,7) and Dis(~7,2)
e UVwhenUis{—2 3)andVis {6, —8) f GHwhenGis{—2, —6)and His(7, 3)

LEARN ALL of TS

& The gradient of a straight line is a measure of its slope.

& Steeper lings have larger gradients.

G Gently sloping lines have smaller gradients.

change in y-direction

change in x-direction

& Lines which slope upwards from left to right have positive gradients.

© Lines which slope downwards from left to right have negative gradients.

G Gradientof a line =

> The gradient of the line through the points {x;, i} and (x,, g5} is given by m = g
2 |

® The y-intercept of a line is the value of y whenx = 0. ¥
It is shown by the point where the graph crosses the y-axis.

¥~ yinteroept

~ 0 x

Find the gradient of the line joining the points A {-5, —1} and B {4, 5).

N
(—————-———{ Draw a diagram to heip you. |
J

vertical distance _ differenice in y-coordinates

horizontal distance  diffzrence in x-ceordinates

_5+

i
(J

LR O »
+

i

Gradient



Method 2

,y?_{"l'l 7

m=Z |
Xz ™ Xy Use (X4, Y1) ={—5,—1) |
N and (Xz, Y2) = (4. B).
501 PUL X, = —5, 1y = —11

4 —(—5) and X, =4, 1f, = Sinto |

_ 6 the formula for m. ]

= *§ \ S
. 2
Cradient = =
3

1. Work out the gradient of the line joining these pairs of points:

x a (4,2),1(6,3) . b (—1,3), (54
¥ C (“4:5)1 {1: 2) d (2‘«» _?)i ((3' 5)
¥ e (=3,4), (7, —6) £ (—12,3), (-2,8)

7 The straight line with equation y = mx + ¢ has gradient m.
@ The straight line with equation y = mx + ¢ crosses the y-axis at the point{0, ¢).
& The point {0, ¢) is known as the y-intercept.

%‘ Exatipl For the lines with eguations
i a y=5ct+4
b 3r+2=6
find:

i the gradient of the line
ii the y-intercept of the line.

a y=5c+4 <__~;.,...,{ Compare if = BX + 4 withly = mx + . }

N
'———{ Write down the value of the gradient it from the termin . )

i y-intercept = 4 (m—-_-w\—————{ Write down the value of the y-intercept ¢ from the constant term. )

i gradient =5 <

bi Sx+2p=6 /;«wm-«( Rearrange the equation 3% + 2y = Ginto the form yy = nx +¢, )
Ry=06—3x g N
y=3—131r « \( Subtract 3x from both sides.J
N
y=—15x+23 S~
i Divide both sides by 2. )
\.

gradient = —1.5

i y-intercept = 3

4. Find i the gradientand ii the y-intercept of the lines with the equations
¥ a y=4x+1 b y=3r—4 ¥o y=32u+4

r

wd 2x+5y=20 we dr—3y=12 xt x—2y=0




&o

-+ By creating a right-angled triangle, Pythagoras’ Theorem can be used to Y
find the length between two points on a fine.

= The length of the line segment AB between
A (%, 1) and B lxy, o) is lxy — 2+ {y, — p P

a 44
B 4
T A AC=15—3 =12 L Draw a sketch showinig A and BB and ]
‘ 5 BC=7—-2=5 complgt:ethe right-angled triangle ABC.
R .,,\ — e
0 3 15 *

ABE = 122 + 52 ’ oy ™
27— 4 - Use Pythagoras’ Thearem
AB ,]_4-i+ 25=163 < i to find the length of AB.
AR =V169 =13

h #2948

OQR=7——-9=7+9=16 Draw a sketch showing F and Q and
PR=4— ~5=4+5=9

complete the right-angled triangle PAR. J

PO = 167 + 97
PQE = 256 + 1 = 337 E— ( Use Pythagoras’ Theorem }

357 to find the length of PQ.
PQ =337 = 18.4 (to 3 5f) _L ndtheleng ]

ﬂ Work out the length of the line joining each of these pairs of points.

y-a {3,1) and (11,7 b {2,5)and {12, 29)
¢ (—6,8) and {8, 13) ¥-d {—4, —6)and (6, 12)
s& (9, —15)and{—11, 6} f (0, —5)and (8, —11)

& If a line has gradient m then any fine drawn paralle! to it also has gradient m and any line drawn perpendicular

to it has gradient —7}_! {the negative reciprocal of m).

% x%iinp “BEED  Find the equation of the line parallel to y = 3z + 7 and passing through (0, ~2}.
‘ L ] comparey =21+ Twithy =my+c.
y = 2z 4 7. gradient m = 3, y-intercept s (O, 7) . L Compareyy = 3% + Twithy = mx + ¢ ]
The gradient of any line paraliel toy = 3x + 7is 3 s I\ Farallel lines have equal gradients. )

so the equation of any line parallet toy = 3x + 7is y = 3x + ¢

The required ling has y-intercept (0,—2).  &—— | Weite dowm the valoe of ¢ from the 1
The equation s y = 3x — 2 l coardinates of the y-intercept given. J
15 ¥ <2 e . « A,

£



Find the equation of any line which is perpendicular to y = 2¢ — 8.

y= 2x — 9, gradient m = 2
: - . e e b . . {
The gradient of any line perpendicular to this hag gradient -k MK Find the negative reciprocal of 2 }
The equation of any line with gra s —Lis of the i = ;
e egud fany line with gradient — e of the formy = —gx + ¢ 4_.—__{ Usey = mx + ¢
|

S——

Py

PR PR I O - j s .
Soy ~zv T i iz one example of a lins <_——_——L Pick any value for c. )
perpendicularto theliney = 2x — 8. :

Copy and complete the following table to show the gradients of pairs of lines /; and ; which are
perpendicular to sach other. |

<1l
e
Q
(=R
¢4

et

[ 100

Wrii:g down the eguation of a ling parallel to.the line with the equation
a y=2rx+5 35—§;y:.‘53;~1 5 y=4—x

Write down the equation of a line perpendicular to the ling with the equation
2 y=x—=56 ¥h g=3+2 o y;‘;-«%;g

A proof is a logical argument for a mathematical statement. To prove a statement is true, you
must show that it will be true in all cases.
To prove a statement is hot true you can find a counter-example - an example that does not
fit the statement.

% Q9a hint Let 21 be any even number.
| Let2n +1 be any odd number. %

¥5 a Communication / Reasoning Prove that
the sum of any odd number and any even
number is always odd.
b Reasoning Explainwhy any odd number can be
writtenas2n+lorzn-1.

)’( 16 Commmunication / Reasoning
2 The nth even number is 2n. Explain why the next even number is 212 + 2.
b Prove that the product of two consecutive even numbers is a multiple of 4.

/X' 11 Communication / Reasoning Prove that the product of any two odd numbers is odd.



Simultaneous equations — one linear, one quadratic

%&m‘%f st

Solve these simultaneous equations.

D 2x+y=3
@ x2+y=6 R o h .
___—{ Rearrange equation O to make y the subject.

y=3-2x% —

Substitute ¢ = 3 - 21 into equation @

2+ (B3-28)=6—"""
X2-22+3=6
X2-2x-3=0"

(x+1)(x-3)=0—"] Solve the quadratic equation.

- Expand the bracket and rearrange so the right-hand side is 0.

Soeither (¥ + 1) =0or(x -3)=0
x==-lorx=3

2 x (=1)+ Y = 5—— Substitute x = -1 into equation I to find one value of y.
-2+Y=9>
Yy=5
2 %3+ Y =3——— Substitute x = 3 into equation & to find the second value of y.
C+Yy=5
y=-3
So the solutions are x = ~1 Y=bandx=3Yy=-5>

A

\ solgtionZ
/ >
/ 0 X,t

A pair of quadratic and linear simultaneous
equations can have two possible solutions.
solution 1-7

4 Solve these simultaneous equations.

X a Yy=x ¥b 2x-y=7 c Yy-hr=6
x2+y=12 x?-15=y y=2x2+3x+5
¥d y=5-3 e x2+y’=4
y=3xt+6x-7 3x+5=y
5  Solve these simultaneous equations. Give your answers correct to 2 decimal places where
appropriate.
¥ a y+3x=8 X b 2y-b4x=6

Y=22+2x+4 Yy=x+x-5



Quadratic Inequalities

&),

To solve a quadratic inequality:
Solve as a quadratic equation
Sketch the graph
Use the graph to find the values that satisfy the inequality.

14 Find the set of values that satisfy each inequality.

d & a?-2x-3<0 ¥ 2+31r-10<0 ¥¢ A2+5yr 440 Qzli;ai'zintSolve
d @+7x+10<0 e 22-6x+8>0 f 12-61x+5<0 2 -2x -3 = 0fist.

Turning points

To find the coordinate of the turning point, write the equation in completed square form:
y=a{x+0)?+c
(x +b)? = 0, so the minimum for yiswhenx +b=0andy =¢

EEL P -
Does the graph of y = 2% + 8x + 15 have a maximum or a minimum point?
Find the coordinates of the turning point.

a  Minimum ——e The coefficient of x2 is positive, so the turning point is a minimum.
b y=x%+8x+15 - - —
= (x4 42 1W Write the quadratic function in completed square form.
y=(x+4)7-1 The smallest value that y can take is ~1. This occurs

T+4=09500==4—__ | when (x+4)?=0.(x +4)?cannot be less than 0
Minimum at (-4, ~1) because a square is always positive.
Solve the equation to find the x-coordinate.

Reasoning For each quadratic function, work out the coordinates of the turning point and
state whether it is @ maximum or a minimum.

AU

¥ a y=x2-2v+4 ¥bh y=-x2-6xr-11 025 hint y=—(v2 + 63 +11)

¥ ¢ y=x°-10x+23 ¥ & =222+ 12x+13 =~((x + 3)2+ 2)
e y=3a?-12x+13 foy=-202-4x+2 ==X +3)f -2
Discussion What do you notice about the completed y-coordinate of the turning point

square form and the coordinates of the turning point?



Algebraic fractions

e sl B andab it

[ XZ+5x+4
y:t"——B;L‘—ZB

Simplify ful

XEEOr+ 4 - (X N+ 4) 1 Factorise the numerator and denominator.
X4 -2x-28 (x-7)(v+4)

_x+1 Divide the numerator and denominator
x-7 by the common factor (v + 4).
8 Simplify full [ oo hind Factorise (12 - 25)
plity tulty E
5 ¥ +8r+15 p A2-1lx+30 .XC x2-25 - using the difference of two
¥ x%+2x-15 T x4 -42 (x + 5)2 | squares.
C Exam hint

Sj . , : First factorise the numerstor

¢ l;“p:l_{y Su}:g ‘ and derominator

A lar T Ay (3 marks) Use thea fact that

7‘,:3._,49 , B

of = (z + b){(a — b).

10 Simplify fully
Al oA V4 P -2 .
¥ 2 2xc-x -3 b S5x%+14x -3 e& 25z -1
JxZ+x-2 6x2+23x + 15 2522+ 10x + 1

s

[y

Exam hint
I mark is awarded for correctly

Simplify fully

the corract final answer

X faciorisina the numerator:
r?+3x -4 « For factorisi
m (3 “‘arks) : I mark .or taCtOrldil;’lCJ tl’:c'
0% i b : denoningior; an mark for
June 2012, Q23a, IMAO/IH o -

Expanding triple brackets

3 Expand the expression (12 + 4x + 1)(x + 2) (3 hint Multiply each term in the
first bracket by each term in the
second bracket. Then simplify.
i
(2 +dx 4+ )x+2)
Y. Y _
: \\b‘/
4 Copy and complete to expand the expression

(x +2) (v + 4)(x +3) = (a2 +L__]x +{___])(x +3)
=17 +D+xZ+Dx=D

&  Expand the expressions
a @+ +s+1) b (x-3)(v+4)x-2)
¢ (x+2)(x-1)(xr+3) d x(x+5)(x-4)
g (v+1%x-1) Fo+3)



Functions

A function is a rule for workmg;out values of y for given values of x.

For example, y = 3x and y = 2 are functions. The notation f(x) is read as foft fis the function.
f(x) = 30 means the function of x is 3%.

@ A f(:c)=—£-.Workout .
S oxa f(5)

b f(-2) Q4a hmt Substitute 4 = 5 into 1,3
¥eo f@Q d f(-20) :
5 Reasoning h{x) = 5x2 Alice says that h(2) = 100.
% a Explain what Alice did wrong. ¥ b Workout h(2).
6 g(x) =222 Work out — :
#a g(3) ¥b g1 ) Q6 hint Use the priority of operations.
¢ g6 - d g5

8  glx) =5x -3, Work out the value of @ when

g

Giahintgl@) =5a-3 =12

¥a gl@=12 = ¥b g@=0 < gla)y=-7 Solve for q;
8 f) = 1% - 8. Work out the values of @ when e .
a fla)=17 b fla) =4 Q%¢ hint Write your answer
* c fga; =0 “ d fiai =12 as a surd in its simplest form.

fgisa composxte function. To work out fg(x) first work out g(x) and then substitute your
answer into f(x).

. " Y < : = B - Y o A2 . ! =

13 Reasonmg flx) = 6~ 2x, g(x) = 27 + 7. Work out 13a hint First work out f(2) and
¥ a gf@ b gfn . . then substitute your answer into g(x).
w ¢ fg@) d fg5) )

14 Reasoning f(r) = 4x -3, g(x) =10 - x, h(x) =22 + 7. Work out
;’ a g{(‘“_) 3 ;gf(ai) . Qlt.a hint gf(x) means substitute f(x) for 2 in gx).

¢ fhix) =) gftr) = glé - 3) = 10 (4 -3) -

¥e ghlx) fhg)

Comnunication hintx - 5v-1is
another way of showing fx)=52-1

X—>] X ),—» -1 >—>5x~1\

Write the function as a functidn machine.
;‘:g L 4———( +5 -4—( +1 ~— X~

\N\ Reverse the function machine
' to find the inverse function.
Start with x as the input.

. - X+ 1
The Inverss functlonof X — 5x ~ T Is X — ~

15  Find the inverse of each function.

= 115% hint You can check your answer by

¥ rob4r+9 substituting e.g. x = 2 into the original

¥h T _3& -4 function and then the answer into the inverse.
o x=2(x+6)

Q134 hint Simplify the function first.

d x—=Tr-4)-1 x—=T{x-4)-listhesameasx =72~ 29




/\ @1 a 612 b 45 c 75
P it d 5 e 310
2 a 100000 b 125 c 64
- d 9 e 64
3 asb b 3 c 5
d 4 e 9
4 a 3 b % c 26
d 6 e 42
5 a9 b 16 c 16
d 10000 e 49
6 a 3 b 5 c 2
d 4 e 3
@ 1 a m b 6p? c 20¢°
2 a a" b nt c %t d 3
3 a 1208 b 12d° ¢ 5b® d 18n°
4 a 208%° b 62%’ c 7a%" d 8c%d®
e 24mn’
© 120 b bt ¢ ¢ d d
2 a 2¢ b 3p’ ¢ 4z d 104
3 a 5a%* b 5pgd c 4cid d 3%
e 10m’n '
@ 1 a a¥ b b c & d df
g m2
2 a 4pf b 81¢® c 25% d 7
Ba®
3 a 16278 b 49e°ff ¢ 125p%¢® 77 -
1 1 1 d
@ 1 a ] b B2 ¢ c? d3
1 i 2
2 a —e-g b F c I] d y
3-.a 1 b‘19r‘4 _c‘-w
1
¢ FoF  ° pE
3 s,
@ 1 a 3a b 26 c %_ea_ d 10xy*
2 a —17 b -2]— c —1—1— d —ll—%:
a c 257y vy
@ 1 a1 b ¢ c 3 d 1
1
e —3 f & 9 o0 b \
if j k1 V' Towom
2a3 b1 o  do
5
e 16 f 18 g | b3
P B =y k 10000 1 1%
@ 1a 3 b7 ¢ 10
d 2 e %
2 a3 b 10 c —4
d 5 e % ‘
3 a % b % 5
d 2 e %
4 a9 b 100 c
d 8 e 125
1 1
1 1 o
d i e T
9 %
6 a n=-—1 b n=6 ¢
d’"n:.g. e n='1§:'

@2

i
= S

m {x— 3z +9)

a 2 b 3 c 5 . d 4
r=7=% 30
a 3+2/3 b 5+3/3 c 3+V5
d =5+V7 e 7-43  f 7+10/3
a —2‘/2 b _5‘/5 . ,\/_;_—9
d V2 e %
1+v2 b ~1+3/2 ¢ 1+2/5
~1+43 e 1+27
a y'+2y b g3y c 222+ 10z
d 4n —n? e ab+ac f 3s2—4s
g 62+ 3t h 43— 1202
a —2m—6 b —6x—86 ¢ —m:—5m
d —82—12y e -5p+10 f —3g+3¢°
g —28%+6s h —12mn—3n?+15n
a 8t—3 b Sp+6 c Mw+6
d 7d~2 e 5a+3b f 5z+3y+5
a y+20 b 926 c —4r—15
d ¢¢—-3 e —on f 1im2+2m
at—16 b x+19 c g tg .
d 13c2—22c e ds2+l4s—2 1 P2+ -
a 3s—4 b 3m+ 18 c 52—
d n*+4n e 2—x24xy f 2p7+ 0D,
3(x + 2) b 2y~ 1) c Sipit
2t —1) e 2ds+1) i 9a
5(3u + v + 2w) h otz
cla — 1} i 3222 +3z+ 1)
k 2pp—1 1 glg—1) m z{4z + 3)
n B2—5R) o plp*+2)  p sHi+5s)
a Sxly +1t) b 3ald—2) ¢ 2p(3g + 2h)
d 4yl2x—1) e 2pl2g+s+41)
f mnlt — k) g 2x(x +2) h 12s(s -2
i B+A 7 Y+l k ocd(3d - 5c)
| abla®*+b% m 2pr{dg +5s) n Tabl2a — b +3)
o 5x%(3—7y) p 3yBBy+1)
a (x+3)x+5) b (x—ylx+y
c plp+1) d (2¢ — sH2t +s +1)
e {@—>5){a~7) f 2(d+1)d+1
a 22+7x+ 12 b x2+3x+2
c 22—3x—10 d y?+y—6
e pP-y—2 f x2—0bx+6
g a2—9 + 20 h 22+4x+4
i p2+8p+16 i k2 — 14k + 49
k a?+ 2ab + 0?2 I a2 —2ab+b?
a 222+3x+1 b 3x2-2x—1
c 222+ 1ix +12 d 3y2—-8y—3
e 2p2+7p +3 f 6t2+7t+2
g 6s2+19s+ 10 h 4x? +4x— 15
i 122+ 5y —2 j 6az—Ta+?2
k 92+ 12¢x +4 | 4k2—4k+1
a 22+ 3zy + 27 b 22 +zxy —24°
c x2—xy — 22 d 22 —3xy + 22
e 6pt+ Tpg — 3¢? f 6s2—7st+ 28
g 4a?+ 12db + 9b? h 4a? - 12ab + 92
a lx+3)x+6 b {x+x+7) c (x+4)x+5)
d (x—5ix—-1 e (x—8)x~1) f {x—1p
g (x—3{zx+6 h x-6z+3} i (x—-4z+7)
i -8z +3) k (x—4x+6) | (x — 2)(x + 2)



@1 a (x— 6){x +6)
c (y—12)y +12)
e {w — 50)w -+ 50)

(i>‘1a {5x + Tz + 3)

b (x—7)x+7)
d 5—yd5+y)
(100 — a){100 + a)

f

b (2¢x+ 1){x +5)
¢ (Bx+tlx+1) d (4x +1)(2x +1)
e (3x+2)(2¢ +3) f (6x—1)x—1)
g (5x -2z~ 1) h (4x — 1)(3z — 2}
i {4z +3)(2e ~1) i {2z +3)x - 5)
k {7x + 2){{x — 3) I 3z +2)x—4)
m (2y + 12y +5) n {6y — 1y —2)
o (3y—5)2y —5)
@ T =3 2 y=3
3 x=225 4 y=2
5 x=0.25 6 w=—4
7 z=-0.25 8 x=-—1
13
9 x=1 10 y=-+
<§> T a=25 2 b=-25
> e= 6 f=-%=09
7 =15 8 x=-2
@ 1 p=12 2 g=10 -
3 m=30 4 x=24
5 y=3% 6 x=233
_ 5 -
7 Tl—'—‘ﬁ 8 t 7544
9 =65 10 y=53
z>4
oo
6 4-3-2-10 1 2 3 4 5
;1;$1
&
5-4-3-2-10 1 2 3 4 5
:I::.;c xS——Z
P ]
5-4-3-2-10 1 2 3 4 5
d x> 16
[0 ——
1
~5—-4-3-2-10 1t 2 3 4 5§
.2 a x<4b b x>4 c x<25 d x>65
3a x<325 b z>23 ¢ a=-F% d = —&
65'1a—LMJ&&5
b —4,-3, -2 -1,0,1
c 1723
d -5 -4,-3,-2,-1,0,1,2,3,4
2 a -3,-2,-101,23
h —4,-3,-2-1,0,1,23,4,56,7
c 01,234
d -3,-2,-1,0,1,2,3,4,5,6,7,8,9
3 a -2-1,0,1,23
b -1,01,234
¢ —1,0,1,234
d -17,-8, ~5 ~4,~3,-2,~1,0,1,2,3,4

@ T z=4,y=1
3 x=ly= -2
5 z=1y=4¢
7 x=—11y=—]
9 x=05y=2

15 z=05y= -1

0,4
0, -2
2,4

[T TR~ T~ T OO - S}
w
T oo D oo

x+22—4
lx+6)2—36
s (r—T7R—49
{x + 05)2—0.25
x+22+3
(x + 5)2 — 45
lx— 102 —20
{x —0.5)2+1.25
2z + 3P~ 18
3x— 2022

=311
x=—5x/37
_3*/15
8 X
2 a x=—0.68x =732
e x=231,x=-337
e =088 x=—038

—0.586, —3.41
0.606, —6.61
532, —1.32
"—0.293, 1.7
1.64, —0.811 - -
1.39,0.360

3

- WO N U W

b (—2,25)
1.5) g (2,—25)

L
a 2
_2
3
e —1
‘=§ a i i 1
b i3 i —4
c i ii 4
d i —04 ii (0,4)
e i1} ii (0, —4)
t il ii (0,0)
C>1a10 b 26
d V424 = 206 e 29

Lo N e o = o o

x=5,y=3
t=2y=1
1=1ly=2
=—2,y=—-1
0 z=05y=-4

oA N

12 I=2,y=—0.5

Ao - oo

NS oo aN
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0.5,2.25.
0,1:75
‘3, .__4
4;—4"

st 1B B B 1

€ -;—, —4

(x+5)2—25
(x-12-1
(% - 122 — 144
(x —1.5)2— 225
(x +4)2+1
(x-3P+2 .
(x - 132~ 170
(x+25P—11.25
2x—12+3
5(x + 5)2 ~ 25

4

x=-2%/3
x=1x22
x=—6€ﬁﬁ
x=827,2=073
x=0.87,x=-287
x =093 2= —0.43

~0.807, —6.18
2.70, -3.70
4.30, 0.657

1.54, 0.260
0.322, 0622
3.45, —1.45

¢ (15 —35)
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d
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(25, —1.5)
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®1a—%b% ¢ -5 d -
2 a y=2z % cforany value of ¢ exceptd
b yf-%x + cfor any value of ¢ except —1- TE w2 b -5 ¢ 20 d -1
" ¢ y=c¢— zforanyvalue of ¢ except 4 5 u Alice first multlphedsbtho get 10. Then she worked
3 a y=c¢—xforanyvalueofc’ out 10 squared, which is 100.
h y=c~-xforanyvalueofc b 20
c y= 2x+cforanyva|ue ofc
6 & 54 b -2 <3 d -250
Tab b 56 c 480 - d25
2 600 f-33
- 2 Z2r+l+2n=4n+1=o0dd. & aa=3 b a=-§— c a--—i '
10 a The next even number will be two Tlotll'e (tcxlzc)ausethe 5 g g=45 b a=+2 c a= 12\/— d a=+2/5
next number, which is one more, will be odd). . _
b @n)@n+ 2) = 4n2+ 4n=4(n? + n). This is divisible by 4. W0 eaz0a=3 b azla=-3
13 (2r+1)(@n-1)=4nr? - 1.4n? must be even, so 4n? - 1 11 o 5x+1' b 5r-13 . 10x—;3 d 35x-28
2 10x -4 i 20x-4
12 a 3x%+3 b 6x2-8 ¢ 12x%-4 d 322-4
@ 4 ax=-4y=-borx=3,y=3 i3 =211 b7l ¢ -40 d -58
. br=-2,y=-llorz=4y=1 14 & -4z +13 b 37 -4x
¢ 2=-05y=4orx=1,y=10 ¢ 4x2+25 d 1622 - 242+ 16
d x=-133, y=-967orx=1y=2 & ~x2+3 f 107 -20z+ 22
® 2=~189, y=-0660rr=-111y=1.66 - -9 ,
5 a £=070,y=5900r x=-570, y = 25.10 . 235 o= 523 +4)
b x=337,y=9740rx=-237,y=-174 T, x_,%_ﬁ 4 x_,x;l,,l,

@ 1-1 q -1 <x<3)
E{x:-5<2<2)

¢ {xix <-4 U{r:x>-1)

@\')a Minimum (1, 3)
b Maximum (-3, -2)
< Minimum (5, -2)
d Minimum (-3, -5)
_e Minimum 2, 1)
£ Maximum (-1, 4)

x-3 x+7 x+5
a x+7
x-7
10 a 2x -3 b 5x-1 52 -1
3z-2 6x+5 5z+1
1 x+4
— T 2x-3

@ 3 22 +622+49x+2

4 23+ 922+ 26 + 24
5 a 22+ 8x2+17x+10 b 2? -2~ l4x + 24
€ B+bxt+x~6 d x*+2%-20x

W O

Prxt-z-1 F 23+9x2+27x +27





