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Section A: Basics of Quadratics

Sub-Section: Factorising Quadratics

Let’s quickly revise how we factorised quadratics!

: >
(o) o= - ._.
R

» Reversing the process of algebraic expansion is known as factorisation. Wﬁj

Context: Factorising

» When we write a quadratic as the product of two linear terms, we say we factor the quadratic.

& What does factorising allow us to do?

Solue eqws, crapk e‘l“' j\u\ 24'“'3/,

Factorising Quadratics Definition

y=x—-a)(x—b)

» Steps:
2. Consider the factors of the constant term.
3. (If Positive Constant Term): See which pair of factors can add up to the coefficient of the x term.

(If Negative Constant Term): See which pair of factors can subtract from the coefficient of the x
term.

4. Construct the linear factors.

Space for Personal Notes
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Question 1 Walkthrough.

Factorise x? + 3x — 10.

2 CS’ -2) , C“’J"’)

C“l,b’) s (-0, ')

3. S-2 =8

4. (xts )x~ )

Active Recall

» Steps:

1. D.Mée by the coefficient of the leading term. (If applicable)
2. Consider the factors of the W M

term.

4, ConstructtheM.

3. (If Positive Constant Term): See which pair of factors can add up to the coefficient of the x term.

(If Negative Constant Term): See which pair of factors can subtract from the coefficient of the x
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Question 2
Factorise the following expressions:

a. x>+4x+3

= (613) (1)

b. x2—-7x+12

= (X-30e4)

Question 3 Extension.

Express x2 — 4kx + 3k? as the product of two linear factors.

< (w-w)(2-k) p

Question 4 Walkthrough.

Factorise 2x% + 5x — 3.
—

= (ze+<)(x+5)
= (ox-1 )(x+3) ,

abs* -7
2bta= §

2bn tox = S%
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Question 5
Factorise the following expressions:

a. —x*+5x—6

e -(x=sx+¢)

=-(x-2)(%3),,

b. —6x%+x+1

Question 6 Extension.

= — ( G- lx —21(,2')

= = [Sx.-zu)(zuk) ,

Write the expression —6x?2 + kx + 2k? as the product of two linear factors.
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Sub-Section: Perfect Squares

Let’s quickly revise perfect squares!

Perfect Squares

(@)= albtb®
(aEY)? at2ab tb?%

» Perfect squares are special quadratic expressions that are made up of two identical linear factors.

» In other words, when a linear factor is squared, it becomes a perfect square.

Question 7
Factorise the following expression using the perfect square formula.

x% — 14x + 49

= [H)Z//
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Question 8
Factorise the following expressions using the perfect square formula.

a. x’+4x+4

2
= (xt2),

b. 9x% —12x+4

2
- [31,——2) p

Question 9 Extension.

Express 4x% — 20kx + 25k? as a perfect square.

2
= (2x-5L) ,

TIP: Identify the value of a and b using the form above. =
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Sub-Section: Difference of Squares

I
-

Let’s quickly revise the difference between squares! .

Difference of Squares

a? — b2 = (pet b)&"b)

Question 10 Walkthrough.

Factorise x2 — 4.

e (wt2)(¢-2) ;

MM12 [1.3] - Quadratics - Workbook




(S4ONTOUREDUCATION

VCE Mathematical Methods 2

Question 11
Factorise the following expressions:

a. x%2—-25

= (%t5) (1-5),

b. 4x2 -9

= 2a—3) (2t

Question 12 Extension.

Factorise 3x2 — 25.

= (BrtS)(A3r-s),
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Sub-Section: Completing the Square

Let’s quickly revise completing the square! .

Completing the Square

» When we complete the square of a quadratic x? + bx + ¢, we write it in the form:

2
x4+ bx+c=( l""é )2—@) +c

2.
» Steps: )bz‘:f ,éx’_‘,é,‘ -+ [-2)
_ —

1. We halve the coefficient of x.

bx

2. Subtract the half of the coefficient of x squared outside the square bracket.

Question 13 Walkthrough.

Complete the square for x? — 4x + 7.
2 2
=(x=2) -3 +3

- CX:"Z)Z'—r 3//

Active Recall: Complete the Square Steps

» Steps:
1. We !ﬂvz the coefficient of x.
(2
2. Subtract the J outside the square bracket.
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Question 14
Complete the square for each quadratic.

a. x2—6x+1
= (%-3) -3% |
- 2
Cx'—s\) "'8//

b. 2x2+20x23 ) - 2(""{)2—“"3
= 2( €+10)+ 3
) = 2009)% 47,

= 2((x#s)=5>) +3

Question 15 Extension.

Complete the square for 2x? — 4kx + 2k? + 3.

y = 2(t—lb)z~2k.2:&Zl¢ﬂ"l'
— 2 2.
= 2(x=2ux) t2W%3 = 2(x)+ 3,

= 2( (k) — 1) 12’3

\ | /.
Key Takeaways M

M A perfect square is in the form of x? + 2ax + a? = (x + a)?.

M The difference in squares is in the form of a? — b? = (a — b)(a + b).

b\2 (b2
M Complete the square form of x2 + bx + ¢ = (x + 5) — (E) +c.
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Section B: Quadratic Equations
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Sub-Section: Solving by Factorisation

Solving by Factorisation

» Steps:
1. Factorise the quadratic.

2. Equate each factor to 0 and solve for x.

(x—a)(x—b)=0

x=aorb

)

Question 16

a. x2—5x+4=0
(2-4) (x-1)=0

GG oozl o 76*41//

b. 2x>—-5x—-7=0

x=3)(x+1) =0

Solve each of the following quadratic equations for x:

R TN ~ .-
e S o 2=-I
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Sub-Section: Quadratic Formula ® ‘

Discussion: What do we do if the quadratic is not easy to factorise? M’I’C
(s ke o Formuda Y

The Quadratic Formula Definition

forax? +bx+c=0
—bt b2 Gae

9
AKX

Space for Personal Notes
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Where does this come from? .

Extension: Derivation of Quadratic Formula | %

» The quadratic formula can be algebraically derived from attempting to complete the square for the
general form of a quadratic equation ax? + bx + ¢ = 0.

G Since a # 0, we can divide the whole equation by a to mak® the coefficient of x? equal to 1:

, b c
x*+—=-x+—-—=0
a a

& Now, complete the square!

x2+§x+£= 4 L+ﬂi—j—(% f+§’=0

& Rearrange the constant term to the other side!

>3
X+5—-) =
( Za) —44—2. =2
& Expand the RHS!

S —

& Now, solve for x and see what happens!

b2—<ac
4a*

Xt 2=

sl

xX= ;—a' o o .lbz—-‘tae :é___,,Jb’-’-‘(m
1%z 2t

MM12 [1.3] - Quadratics - Workbook ‘14
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NOTE: That was the ultimate satisfaction. p/

Question 17
Solve each of the following quadratic equations for x.

a. x2-3x—-7=0

xe -6 Q=406

b. 2x?+3x—-1

xe “(DEAO=463¢0
2(2)

S Az =Rt AF
= -3t J = -
é

x= —3-—;/'7 ,
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Sub-Section: Discriminant

X

Active Recall: Quadratic Formula b {62-'—942 )
= 24 <4

17}

Discussion: What happens if the inside of the root is negative/zero/positive?

(~we)
b2sar <0 = “ifu

o>
‘;‘&

formula.
discriminant = A = b? — 4ac

ifA> 0 thereare =2 &olas

if A = 0, there is 1 <l

if A < 0, there are 0 sins

& - No ShSy,
(0)
b*Yae =0 = 40
(roe) @ cfh’/
b*—4ac >0 x=2£,
& Zte
a
The Discriminant (‘9 oo _Z 80‘013//
» Definition:

G The discriminant, often denoted by A (Delta), is the part inside the square root of the quadratic

Space for Personal Notes
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Question 18
Determine how many unique roots exist in each of the following quadratic equations:

x2—4x4+20=0

D= (4)=4(1)(20)

ne need Sohs >
Question 19 Extension. A <o
Find the value(s) of m that makes 3x2 + 4x = 2m have no real solutions.
2
44— 2m, =0
_ 2
A= (4= 4(3)(-2m)
= (b+24m <O
24\44, '4 "‘[b mL %

=15 ]
M—er‘ | ——

Kev Takeaways

M We can solve quadratic equations by first factorising.

—b +Vb2%-4ac

M Alternatively, we can use the quadratic formula given by x = ”

M The discriminant is given by b? — 4ac which dictates the number of solutions.

MM12 [1.3] - Quadratics - Workbook
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Section C: Graphs of Quadratic Equations

Sub-Section: Parabola and Symmetry

Parabola Definition
» Definition:
G The shape of the graph of a quadratic is known as a - Vb‘@lﬁ
4
N
Y= x*
C’)
€ > x
Vv

Discussion: What is the parabola symmetrical to?

5 At 'ruma»a fos“uf' CTP)/

o

Space for Personal Notes
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Axis of Symmetry Definition

xezb
2n 22
. b
axis Of symmetiry. x = 2a
Question 20
(=4

Find the axis of symmetry of each of the following quadratic hence, the coordinate of turning point.

y=2x%2—-3x+5

c - $1 . of5) (5,
(2.3 = y@&r-28=G)=

z Z[ﬁ‘) -2 45

TP C%l 3&11/ o = 5- =
\ﬁﬁ ,,/

NOTE: When a question asks for coordinates, you must mention both the x- and y-value of the po

™~ 3\
(b7 —4ac L
Discussion: Given that ax? + bx + ¢ has an x-intercept of ~2=t2—4a bi-tac \yhat do you notice about ‘%

C—a/«vmw'owc

the line of symmetry at x = — 20!
i’- X “l'*jf//

MM12 [1.3] - Quadratics - Workbook ‘1 9
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0

Q)
Sub-Section: Graphing Quadratics @

Turning Point Form

» The turning point form of a quadratic is given by:
y=a(x—h)?+k
turning point = é‘kl k—)

» The turning point form is obtained by completing the square.

™ 3‘
Discussion: Can every quadratic be put into turning point form? (Does every quadratic have a I%MI

turning point?)

L—? Ves .

Space for Personal Notes
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Question 21 Walkthrough.

Sketch the graph of the following quadratic equation, labelling the coordinates of all axes intercepts and the

turning point.
I TP (A,

l. TP y=@+1)?-1
X-tuds + yed
y. Slqre (;‘

(A% |

D

wtl=| or MWtl=

BN
WV

N0 =2

(41)%- | = o

-

(a0), (20)

2. Share

Question 22

Sketch the graph of the following quadratic equation, labelling the coordinates of all axes intercepts and the
turning point.

). TP

Yﬂh(ijmw.._,..é__;’.

MM12 [1.3] - Quadratics - Workbook
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2
Discussion: What would the discriminant of — (x + g) — 4 = 0 equation be? (Graph from part b. above.ﬁi

Rty

Question 23 Extension.

Sketch the graph of the following quadratic equation, labelling the coordinates of all axes intercepts and the
turning point. Begin by putting the equation into turning point form. 2
[z. —6x) -5

/_ y=-x*+6x-5 j =T
3= —(%e+s) b)) = (i) s
Y2 (rs2(x-1) = -(x-3)%9-5
(1o
é’(.vldr)(,».s" :2 - __(xrs)%fzf
Xy (o)-%)

'z

X

% TP (3:9)

Intercept Form

» The x-intercept form of a quadratic is given by:
y=a(x—b)(x—c)
x-intercepts: (b,0) and (c,0)

» The axis of symmetry is located exactly in the middle of the two x-intercepts.

MM12 [1.3] - Quadratics - Workbook ‘22
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Question 24 Walkthrough.

Sketch the graph of the following quadratic equation, labelling the coordinates of all axes intercepts, as well as the
turning point.

y=x2_3x12_’ — B [&.-z)cx—')q

O K=l o
) x=2 (X—fu)'i)

. -]
Question 25 1? ’ C—é/ 'Tl-

Sketch the graph of the following quadratic equation, labelling the coordinates of all axes intercepts, as well as the
turning point.

y=-x*+4x+5_ = ..(xg_zrx__gj

== (x-5)(+)
G ae-fom
x=s

=2

Y= -l
= = (-3)(3)
=9,

MM12 [1.3] - Quadratics - Workbook .TP' [Z,Q) ‘23
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NOTE: When a is negative, the x-intercepts stay the same, but the shape of the parabola becomes o
a negative parabola instead.

Question 26 Extension.

Sketch the graph of the following quadratic equation, labelling the coordinates of all axes intercepts, as well as the

s = ) (xe2)

\ C.;., "'23;0‘

turning point.

>

101

N

-3 -2

Space for Personal Notes
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O. |
Sub-Section: Finding a Rule of a Quadratic From a Graph @ ‘
Let’s try to do it the other way around! .

Finding the Equation of a Quadratic

» Form 1: Turning Point Form
y=a(lx—h)?+k

& Recommended when a turning point is easy to identify.

» Form 2: x-intercept Form @
y=a(x—b)(x—rc) )

& Recommended when both x-intercepts are easy to identify.

Question 27 Walkthrough.
Find the equations of the quadratics graphed below. Show your working.

a. Find the equation in turning point form.

-4 (en=

MM12 [1.3] - Quadratics - Workbook \ ‘25
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b. Find the equation in intercept form.

124

104
8
o
4]
2
(-1, 0) (5, 0)
x

-2 -7\_5. G i 2 3 4 6
™ } z & (a+1)-5)

- Sub(6)-5):

C')""ﬂ)()uye\- sz Q(l)c’s_)
- OL-—I)

Find the equations of the quadratics graphed below. Show your working.

104

Question 28

a.

\
S
®
1
L
\
\V

EN

N
2
/fé
<
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. e }s a.éxxl-%)z—l-.s
(+9 1 Swb (1,5 )

N
N

-2 2

=2F

’v -
NOTE: Never forget the a coefficient! } « =

Key Takeaways

M Every quadratic can be put into the turning point given by y = a(x — h)? + k.
M Not all quadratic can be put into the x-intercept form given by y = a(x — b)(x — ¢).

M We can use x-intercept form or turning point form to find the rule.

Space for Personal Notes
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Section D: Advanced Algebra of Quadratics

g’ >
Sub-Section: Quadratic Inequalities o ‘
How can we tackle quadratic inequalities? .

Quadratic Inequalities

N
,(S

A Y
!

N

v

» For quadratic inequalities, we always M% the function.

» Steps:

1. Sketch the function.

2. See where the y-value is within the inequality.

3. Find the corresponding x-values. /5#_?

2 ™
Discussion: Why do we look at y-value < 1 if the function < 1?7 L“‘f 2 D p o

G Gauler 1o oo a1 y
MM12 [1.3] - Quadratics - Workbook ‘28
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Question 29 Walkthrough. ]
Solve x?2 — 1 > 0 for x. J <

Hint: E his is the same question as asking, “For what values of x is the graph of y = x? — 1 greater than 0?”

—_—

}w r- /- Swm,m‘?

2.

N

k—? o X2l orxc-l

Active Recall: Quadratic Inequalities

1. Mthe function.

2. See where the g value is within the inequality.

3. Find the corresponding .4 values.
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Question 30
Solve each of the following for x:

a. (x—2)(x—-3)=0

e

_

b. 2x?+9x+4<0

(1) (x4 4) <o

Gr=g, =y

MM12 [1.3] - Quadratics - Workbook
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Solve kx? + 4x — 4 > 0 for x, where k € R\{0}. Give two answers depending on whether k > O ork < 0.

MM12 [1.3] - Quadratics - Workbook
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O. |
Sub-Section: Hidden Quadratics [ ‘
Let’s take a look at hidden quadratics! .

Hidden Quadratics

» Instead of:
af(x)? +bf(x)+c=0
» We can let f(x) = X to have:

aX?+bX+c=0

Question 32 Walkthrough.

Solve x* — 13x2 + 36 = 0 for x.

(et a= 2*:

=130+ 3¢ =0

[&—1)(&-—4)=o
G Larq wa=4

lﬁ’? [/ 4 Lz'.-. &

(?) o XxXx=S or a=-1 ,z,aaaxvélﬂ,
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Question 33

a. Solve (x —2)% —7(x — 2) + 12 = 0 for x.
2% Fati2 =0
(a4 )(a~3)=0

‘' &= ¢ o a3

L2264 o x"2=J3

C,, e )(,'-—G O,X"r//

b. Solve x — 2v/x — 15 = 0 for x.
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Question 34 Extension.

Solve x* — 4x?% — k = 0 for x, where k is a real number.

e a~

A= 4a—f =0
2.
(a—2) - 2= =0
2
J@m =f 4+l s
a-2 = 244k G
.oz ,'L’/J atJlsa
a: [t k+4

\ I /.
Key Takeaways M

M For quadratic inequalities, we always sketch.

M For hidden quadratics, look for the pattern of something and something squared.
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Contour Check C!

Learning Objective: [1.1.1] - Find factorised form of quadratics

Key Takeaways

e 2 <
O Perfect square is in the form of 64#) v 4 *%b +£ :

O Differences of squares are in the form of a? — b?__ < KMb )[ﬁ’b) .

2 2
O Complete the square form of x2 + bx + ¢ = ‘ t“'éz ) - lr'% 2 +C :

Learning Objective: [1.1.2] - Find solutions and number of solutions to
quadratic equations

Key Takeaways

O We can solve for quadratic equations by first M"\”z .
J b2 brtyae

O Alternatively, we can use the quadratic formula given by x = - ;

e L2
O The discriminant is given by A ¢ b "w which dictates the number of solutions.

Learning Objective: [1.1.3] - Graph and find rules from the graph of quadratic
equations

Key Takeaways
2
O Every quadratic can be put into the turning point given by y = ﬂ.dx."‘k) -+ 1( .
O ”b’f' all quadratic can be put into the x-intercept form given by y = 4[&'5)&"6{) .

O We can use x-intercept form or turning point form to find the rule.
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Learning Objective: [1.1.4] - Solving Quadratic Inequalities and hidden

quadratics

Key Takeaways

O For quadratic inequalities, we always M"‘

O For hidden quadratics, look for the pattern of something and something S"ﬂo"(’(//

4
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