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EM Quadratic
Eq,ua’rions

) Complete the square (Chomgmg yzax*+bx t¢ 10 \tj*—a(x—h))‘JrK)

- " “Numboer in Hont of x>
X' e+ 0T e br o (L) (%) 4 ¢ * ceffident of ™ must
- b be positive 1 before you
= (x+ %) - (I) t ¢ Start cowxple,ﬁng the Square:

Exawple 1 @ When coefficient of x> is +|

Steps Example © x* -10x-8

D | Copy the x* ferm and bx tevm. x> - 10x -8 b=-10

pad (£, suvfract (3)° 0*-10% + (59)7- (£2)"- 8
2 2 =
\_ﬁ_’_—J

Copy the constant
2 -
G20 - (%)~ 8
-

W

D) | First three termg loecomes (%t %)L

()

3)| Combine e constants .

i

(x-5)* 332

Example 2 : When coeficient of x> is NOT +1-

Steps Example * -x*+5x t T
D Factorise the coeficient of % —x*+ 5x + F
Leave the tonstant alone. = (x2- 5%) + b:-5

Complefe e square fov twis bracket.
Ry thing else outside the bracket Stays the same .

- ('1_5)7 +F

D) [ Copy the =* term anmd bx tevm.
Add (L), subfract (&)

L

- [262-57(,1' (%)

Copy the constant —_—

3)| First twree terms becomes (ot 2)" | _ [oxr ) (= 5141
2

4) | Expand the outer bracket. = —(x + T> + (% +F
5) ' e - 5\, 53
Combine e constants . = -(o-3) + -
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2) SO\V(V\Q quadratic equations Caleakoor Check aqnswevs using calcwlator by pressing
" Find value of x " Hak: L § wmenw — 5 — 2 — )

e leavaf in
a) Factorisofion (Frawe / Table) <?
E-g. Solve x*-6x-0 =0 Frame Table
x| -6 x -6 |-6x
(x-6)(x+1)=0 x| x* -6x x || x
xX-6=0 or xXt\=0 lx -6 b |
xX=6 x = -\

b) (.omple‘rmg the square

Eg x*-6x +5 =0 2cova\eJre tve £.9- 761"‘"70"':" =0 ) wmplefe the

(k-3 -4 =0 " P (x-)*+3 =0 V"
x-3)* = square root & -
(k. 5) - +4)_ J inciide £ (%-2)" = -3 4 we comat square ot

hegative numbers.

As (x-2)"2 0 or all real values of X,
(x-2Y"=-3 has no real solutions.

X :2+¢3 or x=-2%3
X =95 or x = |

¢) Quadratic {ormulo

Eg: Solve -3x -(3x" = -3

-1FIx*=3x+3 = o

O Rearrange into this form: axX™ +bx + ¢ = O

e ~EDEIED-4CDE)
2(-1%)

@ Identify @b, ¢

©) Substitute 4he valueS info
the quadratic formulon

= -0.51% ov 0.34) (3sf)

d) Graphical Method — E-g- Draw te graph of y=2x*-5x+ &
) Using your graph, solve 2x*-5x + 4 =0
—> Read +he x-intercept(s) where e Curve cuts the x-axis.

.- p N -
(i) So—\;;ﬁ(l X"+ -+=0 Y- K Maxe 1o LHS of the given equation the Same a¢

x> - 5x -F = -bx Y i e graph equaton. Change term by term.
I -5% + 4 = - + 1\

- o % Read the x-coordinates
5 -~ 69C t “ /a% D{:ﬂg\:’uj‘ﬂéim:;‘:e 7}——‘——*» ’2’_) 0<F 'H/\Q '(I\+CV‘S€C1'|'0V\ POHH'S'
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Eq: (a) Complete the table of values for 3=xf+ 5% - |
x -6 | -4 | -3 -1 (o] 1
Yy 5|5 |-F|-5|-11]85
(b)) On the 3!\'4 below, draw the graph of 3=x‘+5x,-l for -6<x<|
y=x>+5x-1
) (i)
Yz2
X N
(©) Use Your gmph to
() weie down an ineqlm(i’r\\’ in % to destribe the range of values where 5<-4.
-4.3 < x <-0.%
(i) sove %'+ 5% -3 =0
X5t 5% -1 =2
Draw =2
MM ﬁmhl X» = '5'5 oy Oos

() solve 2x*tTwt9 ="

't e +9:0 Draw = -2% -10

X v Sxt 4= -0 o R o

Xt Bx- 13210 From graph, % =-53 or - |
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3) SD(V*")ﬂ fractiona| equations

————————————————————————————————————————

Steps  to  Solve

5 | |
6 N X | |
3-2% o'~ 9 ! |
TIP . s | |
x . . |
Factorice -\ +¢ 3-2% (22+3) (2;0-3) E O) \L"_\k\lg {actonce the dfewo'mmo’(:or E
thange 3-2x | > Frame / Table / Special identities :
fo 3x-5 6 Sx | |
%3 (1+3) (-3) | |
6 (2x43) S5x :
- z @ MaK i :
(22+3) (21-3) (22+3) (20-3) : @ MaKe tne deuowminatort the same |
6(x+2) + S
T (wt3) (-3 E ® Combine info one single fraction. |
-(2% - 18 + 5% .
(12+3) (0-3) | ® Swplify numerator. |
-3x-18 E :
“tx-18 = 3(ax+3) (-3 ' ® Cross multiply |
-Hx-18 = 3(-9) ' ® Expand and simplify |
-Ix-18 = [2x? - 2F E E
x*+#x-9 =0 E ® Rearmnge ond maKe RHS =0 E
-} [T a0 | i
s = . ® Solve for x using quadmatic formula |
Xz -1l or 0.622 (384) E or by factorisation. E
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%) Graph SKC‘[’C‘A-’V\ﬂ
Key pieces of information to find before skefcing a graph

® Shape —————— look at coefficient of x* —> If positive = \ U (miley face W)
@ x-intercept(s) —> when y= O If negafve = (M (sad face A

@ Y- intercept ——> When %= O

® Turning point coordinates —> From complefe the Square form

(VV\M?WIMW\ /maXiMMM> % - wo,/'dl‘ﬂa{-e : — j _ wordl.nq{_e .
Add the two x-intertepts Sub x -coordinate
optional 2 into eguation:

® Ling of symmetey = | x =

Forms of quadrafic equation Which pieces of information can be odtained directly

Yzaxttbx tc v Shape —> \UJ

General 2 . + o= -
y=2x 1 &x -+t Vv y-infertept = ¢ =-7F

= +(%0-h) (x-K) Vv Shape —> U/

FacforiSeO( J (x ap
y= (x-3) (x+8) v X-irfertept)= hand K = 3 and -8

Complete y=x(%- P>+ 9 v Shape —> [\

S%:]:r‘e y= -(%-3)"- 42 \/T\Arning point coordinates = (p,q,) = (3, -42)

(maximum)

Eg 1: Sketcth the graph of y= (3-%)(x+5)

_____________________ N/

when x=0, : ! /
| N : "'llb

y:=(3-0)(0t5) | © Shape -/ | Pt 15
=15 '@ x-inferceptss -5,3 /\\
Q?:of;i::fc - 283 @ y-infercept =15 5 o 3 ” %
- @ mac ey (35 1%)
M-word(‘na({'e : b ! POlV\’( !

¥ See next page {or Tips on graph sketching (
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Eg 2 : Sketch the graph of 3:-x,‘+ 2% =) and labe| the line of Symmetry.

when y=0,
use calcalator - menu, 5,2,2
-7+ 2x~2 =0 7 to check for solution firgt.
~(x*-1x) -2 =0 Jou will See "1+ and “|-(".
.2 R A -2:=0 This means there iS VO %-infercepts.
[76 Ax + ( 2 ) ( 2 ) J Cow\ple’re the Quare to show no solufion
- [(70- ,)?- _ (_,)’-] -2 =0 and o {ind e moximum pont coordafes.
-(x-0D"t ] -2:0
- (x*e) =0
(x=1)* = -|

- There ig no Solution.
TIP
Sketch @& ming Sm‘f"" at the side first to get an

E@ S\’)QPQ N\ E idea of where the curve lieg.

E@ no X/—mfercepf E T ®© Mark the poinfs

: . : s @ Connect the points
:@ 3 - lM’QV‘CW‘]‘ -0 ! M)

(@ max :

I \ = (ll -I) ' v .
! poI ! Then, draw e curve on your actual oxes

e e eceeeeeo- Lalel e intercepts, line of symmetry and
equation of the curve.

J
T i L Use dotted line
! {or line of symmetry
| N
« (4 -1) X
-2

Y=t -2
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5) Otver common quadratic equations quiestions
The o\iagroun e\ow shows the curve Y= -xt+ px -\0. The curve cuts x-oxis at+ 2 and the y-axis at -10.
[Source : Swiss (ottage Secondaurﬂ School /2026 /w1 /%]

A @ Find e value of P
When x=2,Y=0

2 5 > O:*lzfﬁp-\o
0=dp- I
2p = 14t

b=t

o

-10 1

(b) Find e equation of e line of Symmetvy -
-5

When 3=0/ T
%2+3%-10=0 x| X (=K
- FIX+10=0 -2 -l;oglO

(x-5)(x-) =0
x-5:=0 or x-1:=0
X5 or x=2
St)
Line of Symmewvy : x = —

.
X= 5

©) find tve coordinates of the maximum point of the curve.
wen %= 3, = - (B3 -10

§= 5
hy 3 9
= Te woordinoteS of the maximum poi!\’r are (% 4 )

4
Eg2: The quadratic equation ax* +bx+C =0 has solutions 5 and -2. Given that o, b and ¢

ose ntegers and a>0, find tve smallest possivle values of a,b and c.

4 T— ! Think : Why must the question uge “smallest”?

X = 5 X =L
Sx: b4 %-2:0 If the equation was 2(5%*t 6% -8) =4O,
we will also get back the sdutione 5 and -2.
%420 There are infinite ectuivalen& equations :
(5%-4)(x-2)= © 6(5x*16%-8)=0 | M give the
Sx*+ 10x-4x-Q= 0 “3(5x%*+6%-8) =0 } same. Soluhions.
Sx*+ 6x-8=0 a:y Number

-.a=5, b6 ond c=-%
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The graph of y* 6%~ 2 =15 is shown below. Find the values of a, b and c.

Y -
0 y=6x*-x-15 3% : 2
L
g = (3%-5) (243) nel A
When y-= 0, 3| W™ 15
> X%
a b (3%-5) (2x+3) = O
3x-5=0 or 2x+3=0
3x =5 2% = -3
C _ 5 _
A< 3 x5

The graph of y=: (76+p)1 tq has a fum.‘/g point o (-3,-5)
(a) State the valves of p and 9,-
P=3 and 9=-5
(b) What is the y-intercept of the graph ¢
Y= (x+3)"-5
Y= x"tbx + 9-5
Y=t b + 4
g y-in’rertep’r is 4.

for eadh of the following graphs, give an example of a quadratic equation in e
'Gown of tﬁ:qx’ Ylox t¢ , Where a,b omd C aqre in’regers.

(<
ANES

N \

N VANSS

Y- X+ 2 Y- (x-3)° Y=-(x+6) (% t1)
: = x*-6x+9 Y= (x*+ % +60+6)
: Y= -x*-¥¥x-6
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5) Forming qjuadm\"c eq/ua’ﬁov\s (Rea\ - world context q/ues’ﬁons)

A railway track covers a distance of 280 km between Two Cities. An Express Train travels faster than a Freight Train.
Let the average speed of the Freight Train be x km/h. The average speed of the Express Train is 15 km/h more than
the speed of the Freight Train. The difference in the time taken to complete the journey is 30 minutes. ],
L Take note of units
(i) Write down an expression, in terms of x , for the number of hours taken by the Freight Train to complete the
journey.

280
e

lower speed -> longer tme D
ST

Time taken =

(i1) Write down an expression, in terms of X, , for the number of hours taken by the Express Train to complete the journey.

230

T = 280
ime Taken X115

higher Speed —> shorter time

(iii) Form an equation to represent this information and show that it reduces to x*+ 15% -8400= 0 .

20 280 _ ' Common mistakes
x x+tis X
O) SWQPPWE fractions - %?5 - %
2W0(xt15) - 2ROx  _ _|
x(x+15) 2 @ Nor changing 30 minutes o  hour .
42,00 _
x>t 15% 2

8400 = x*+15x
X+ (5% ~8400 = O (ghown)

Read q,ueSilon carefully

(iv) Solve the equation z* +15x - 8400 = O , giving your answers correct to 1 decimal place.

-15 t [15> - 4 (-R400)

* Always leave 58 angwer
B4.458 or -99.458 (S584£) <«— 10 ute for next PQY‘T‘

X/:

"

84.5 or -99.5 (1d:p) «— Do not reject in +wis part

(v) Find the time taken by the Freight Train to complete the journey, giving your answer correct to the nearest minute.

X = 84458 or - 99458 (reject as speed >0)

280
84.458

3.3153(, (55.{'.)
199 min  (nearest minute)

[

Time Yaxen

1"

x60
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