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Quadratic equations

A quadratic equation is an equation of the form ax? + bx + ¢ = 0 where a, b, and c are constants, a 0.
The roots or solutions of a quadratic equation are the values of x that satisfy the equation.

There are three methods to solve quadratic equations:
= Factorisation
= Completing the square

= Using the quadratic formula
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Factorisation

The roots of a quadratic equation can be found by factorising the quadratic expression into two
brackets and setting each bracket to 0 to derive two solutions, called roots

The general steps to solve a quadratic by factorisation are as follows:

{1 J | If necessary, rearrange the quadratic into the formax? + bx +c =0

fz/ | Multiply a by c, then find 2 factors of ac whose sum is equal to b.

Al Take a common factor of the first two terms then do the same for the last two
~ | terms. You should notice that you have two brackets the same.

| |Use the Null Factor law: If pxq = 0thenp = Oorq = 0.
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w Solve the following equation by factorisation.

| Step 1 22 ) 2 If necessary, rearrange the quadratic into the form ax? + bx + ¢ = 0
x%+6 = 5x — x*—5x+6=0
))) Multiply a by c, then find 2 factors of ac whose sum is equal to b.

Step 3 ))) Once we have the correct factors, replace bx with these factors.
x> —2x—3x+6=0

Step 4 ))) Take a common factor of the first two terms then do the same for the last two
terms. You should notice that you have two brackets the same.

x2—2x—3x+6=0 — x(x—2)—3(x—2)=0 > (x—2)(x—3)=0
))) Use the Null Factor law: If pxq = 0thenp = 0orq = 0.

X—2= x =2 The equation has two
x—3=0 x =3 distinct real roots.
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x—2)(x—3)=0 —>



Solve the following equation by factorisation.

2% (=5)=-10

2x%2 —9x =5

2x% —9x =5 - 2x%2 —9x —-5=0

Factors of -10 -10,1 10,-1 -2,5 2,-5
sum isequal to b. [EelUe SRR

2x%2 —9x —5=0

2x> —10x+x—-5=0—> 2x(x—-5)+*x—-5=0 > (x—-52x+1)=0

xX—5= X = :
x-52x+1D)=0 — > The equation has two
2x +1 = Y = — distinct real roots.
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Solve the following equation by factorisation. 2y

2 _ 7 =
T3
, 2x X 3
X —?—7=0 — 3x2 —-2x—-21=0
3 X (—21) = —63 [l gle) oK) —63,1 63,—1 -9, 7 9,-7
sum is equal to b. —9+7=-2

3x2 —-2x—21=0

3x2 - 9% +7x—21=0 = 3x(x—-3)+7(x—-3)=0—> (x—3)Bx+7)=0

x—3= x =3 :
x—3)3x+7)=0 — °, TZ&_} f_qu?tlonl has ttwo
3x + 7 = = —_ istinct real roots.
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Solve the following equation by factorisation.
9x% + 4 = 12x

Ox% + 4 = 12x - Ox2 —12x+4 =0

Factors of 36

sum is equal to b.

36,1 -36,-1 -6,-6 -4,-9
—6+4 (—6) = —12

9x%2 —12x+4=0

9x?> —6x —6x+4=0—> 3x(3x—-2)—-2(Bx-2)=0 —» (Bx—-2)3x-2)=0

3x=2=0 The equation has one

real roots.
(Repeated root)

(3x—2)2=0 —

Wi Wl N

3x—2=0 x=
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Solve the following equation by factorisation.

3x% =12x
3x% =12x 3x2—12x =0
— 3x =0 x =0 .
3x2 — 12x = 0 3x(x —4) = 0 The equation has 2
(x—4)=0 x = 4 distinct real roots.
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Solve the following equation by factorisation. 5

—x = 5x?
5 1
S B2 S —
2x 5x 0 - Sx(2 X)
. — x=0 :
1 X =0 The equation has 2
5x (E —x)=0 <1 ) 1 distinct real roots.
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Completing the square

Another method for solving quadratic equations is completing the square which involves
rearranging the quadratic expression into a completed square form and then solving for x by
taking the square root of both sides.

The general steps to solve a quadratic by completing the square as follows:
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Solve the following equation by completing the square.
x> —2x—4=0

s

Step 1 ))) If necessary, rearrange the quadratic into the form ax? + bx + ¢ = 0,
then rewrite the quadratic expression as a complete square.

a(x+p)2+q=0 Wherep=£andq=c_b_2
2a 4a
x2—2x—4=0 pzi q=c—b—2 a(x+p)2+q=0
1 1 2a 4a 2 )
a=1 =, Y 10+ (=1))* + (-5) = 0
b=—2 2(1) 4(1)
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(x—1)2-5=0 - (x—1)?=5 - (x-1D)=+V5 5 x=+V5+1

x=v54+1=324 andx = —V/5+1=—-1.24 The equation has 2 distinct real roots.



Solve the following equation by completing the square.

2x% + 16x =7 3
Q
—+
b b? 9 -
2x*>+16x—7=0 - q=c—— a(x+p)¥+q=0 D
P=%a 4a , ) 3
2x+4)+(—39) =0
4= _ae _, __,_ ey (x+4)" +( D
b =16 2(2) 4(2) o
c=-—7 _ O
= —39 (0p)
=
39
° 2 2 o
~—
39 39 ; . . CD
x=\/;—4=0.42 andx=—\/;—4=—8.42 The equation has 2 distinct real roots. (_n‘
')
=




Solve the following equation by completing the square.

42+1—2
X 4— X
4x2—2x+1=0 b b? 2
4 p=— q=c—— alx+p)+q=0
1 2a 4a
1 (—2)? —1..,
a=+4 (-2) -1 _Z_ 4x+ (=) +0=0
= = 4 4(4) 4
b=-2 2(4) 4
1
c =+ — =0
4 2
A — ()2 +0=0 = . L~ 40 1042
— (— = _— = — - —_—) = = —_
(x (4)) + — X 2 2 (x 4) + > x=4 2
x=0+%=0.25 andx=0+i=0.25 The equation has 1 real root.

( repeated root)
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Solve the following equation by completing the square.

2x°>+3x4+7=0 3
Q
2 -
2x +3x+7—0 _b g=c—2 a(x—p)?+q=0 D
p 2a 4a
(3)2 3 2 47 3
_(3)_3 — 7 — 2(X+Z) +§=O Q
B ) 4(2) —
b = 3 2(2) 4 =
=7 47 N
-
3\° 47 3\ / %
8 3 47 Negative numbers
2{x+-=) +—=0 x+-] =—2 > i NI D g —+
( 4) 8 ” ( 4) 2 (x+ 4) = 16 do not have square roots. ('_2
4
This equation has no roots. 8




Quadratic formula

The quadratic formula is used to solve quadratic equations of the form ax? + bx + ¢ = 0 where a, b
and c are constants. The formula is:

- -—
The general steps to solve a quadratic by using the quadratic formula as follows:

If necessary, rearrange the quadratic into the form ax?> + bx + ¢ =0

m

Use the quadratic formula to find the roots of the equation.

_-bt vb?%2 — 4ac
- 2a

X
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Solve the following equation by using the quadratic formula
2x>—9x =5

s

Ve @ A

—(=9)+4{(=9)2-4(2),
2(2)

2x%2 —9x =5 2x%2 —9x —-5=0

Step 2 ))) Use the quadratic formula to find the roots of the equation. B 672 3 3 )

X" logsl  In

’ cos’ By ta’ (F,
sin cos tan

RECALL &+ i s 1 X aEeEY M- W™
STO = ENG ) S®D M+

CONST CONV RESET | 0 DFF

S - A

L~ V(=9 ~42)(=5) x=5
B 2(2) Two distinct roots

WoJsJaydeyasalrewayyew



Solve the following equation by using the quadratic formula
9x% + 1 = 6x

P

If necessary, rearrange the quadratic into the form ax? + bx +

9x2 +1 = 6x 19x2—6x+1=0
a=9
b=-6 sy s e
c=+1 e » ) @

))) Use the quadratic formula to find the roots of the equation.

CONST CONV

7 e | s R

WoJs4a1deyasanewsayrew

_ —(—6) £/ (—6)2—4(9)(1) _1
= 2(9) *73 One real root SBERES - a
640 1 (repeated root) n B B . a
-1 x=3 Lo | - Jaofas] =



Solve the following equation by using the quadratic formula

P

x —2x2% =

x —2x?% = —2x°+x—-1=0

5.

—2

MENU 5ETUF  ON

QR soLve= ¥ 4

OPTN CALC

T EJD? 4D
} 2(-2)

WoJsJaydeyasalrewayyew

The square root of

negative numbers
is undefined.




When using calculators, you may encounter two types of errors:
syntax errors and math errors.

A syntax error occurs when the calculator is unable to interpret the input you have
given it.

This can happen when you enter an expression that is not well-formed, such as
forgetting to close a parenthesis or using an operator in the wrong order.

A math error occurs when the calculator is unable to perform a mathematical
operation.

This can happen when you attempt to divide by zero, take the square root of a
negative number, or perform some other operation that is undefined or outside the
calculator’s capabilities.

_—() /()41

2(-2)

= -
—4

This equation
has no real roots.

+Or [l
Math ERROR

[AC] ::Cancel
La]lle]:Gato

SHIFT  ALPHA MENU SETUP  ON

R sove= ¥ JURgER Y D= : T

OPTN CALC A X
) Va X7 0eC g HEX 10" SN e® OC
= Ve X* X" logdl In

fog (Ay FACT, 8, X/ . C, sn",D, cos” (&, tan’ F,
(=) orm x" sin cos tan

RECALL Z,+]  Abs X ety M- M
STO ENG ( ) S®D M+

CONST CONV

-ﬂﬂ DEL AC
a]sfex]-
DeEans
G-MMB
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Solve the following equation:
2 3

r+2 o1 !

2 » 2x — 1 n 3 5 x+2 _ To adding fractions, need to same denominator
x+2 2x—1 2x—1 x+2 (common denominator).

2022 — 1) 3(x+2)
G+2)2i-1) Cri-Dx+2)

2(2x —1) +3(x+2)
x+2)2x—-1)

22x—-1)+3(x+2)
(x+2EZx=T1)

4x —2+3x+6=2x%>—x+4x—2

_ To remove the denominator, multiply both sides by
X (x4+22x—1)=1x(x+2)(2x — 1) the denominator.

7x +4 =2x%+3x -2
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0=2x%2+4+3x—-2—-7x—4

2x2 —4x—6=0 ‘= —(—4) £ (-4)2-42)(-6) x=-1
2(2) x =3




Solve the following equation:

X 3
x+2 x—6
X 3 To remove the denominators, multiply both sides by
)c/I/Z)( M X (x=6)= Vﬁx (x +2) X (x—=75) the denominators.

x2+4+2x=3x+6
x2+2x—3x—6=0

x2—x—6=0

W Gt O : J(=1D2-4(1)(-6) x =3

2(Da v = —2
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Solve quadratic equations
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