2. QUADRATIC EQUATIONS

IMPORTANT NOTES:

(i) Thegenera form of aquadratic equationisax® + bx + c=0; a, b, ¢ are constants and a# 0.
(i) Characteristics of aquadratic equation:

(@ Involvesonly ONE variable,

(b) Hasan equal sign“ =" and can be expressed in theform ax? + bx + ¢ = 0,

(c) The highest power of the variableis 2.

2.1 Recognising Quadratic Equations

EXAMPLES
No Quafratic Equations (Q.E.) NON Q.E. WHY?
1 |x*+2x-3=0 2x-3=0 Notermsinx* (a=0)
2. [ X2 =% 12 =0 Term 2
X X
3. | 4x =3¢ x*-2x2=0 Term x®
4. |3x(x—-1) =2 x*—3 71 +2=0 Termx ™
5. |p—4x+5x*= 0,pconstant |x?—2xy+y*= 0 Two variables

Exercise: State whether the following are quadratic Equations. Give your reason for Non Q.E.

No Function Q.F. Non Q.F. WHY?
0. |3x-2=10-x \ No termsin x?
1. | x* = 107

2. [12-3x* =0

3. | x> +x=6

4, | 2> +¥ x -3=0

=X

5 | -8
X

6. |0= x(x-2)

7. | 2x* +kx-3= 0, k constant

8. | (m-1)x*+5x = 2m , m constant

9. |[3—(p+1) x*=0, p constant

10. | p(x) = x?+ 2hx + k+1, h, k constants

11. [ f(x) = x*—4

12. | (k-1)x*=3kx + 10 =0, k constant
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2.2 TheROOTsof aquadratic Equation (Q.E.)

Note: “ROOT” refersto a specific value which satisfies the Q.E.
Example: GivenQ.E. x*+2x—3= 0

By substitution, it is found that :
x=1, 12+2(1) 3=0
Hence 1 isaroot of the quadratic equation x°+2x —3= 0.
But if X=2, 2°+2(2)—3+0,
Wesay that 2is NOT a root of the given quadratic Equation.

EXAMPLE EXERCISE

Cl. | Determineif -2isaroot of the equation L1 Determineif 3isaroot of the equation
I+ 2x-7 = 0. 2x*—x—-15 = 0.

x=-2, 3(-22+2(-2)-7=12-4-7
#0
Hence - 2isNOT aroot of the given equation.

L2. | L1. Determineif 3isaroot of the equation L3. Determineif % isaroot of the
X°=2x+3 = 0. equation 4x® +2x—2 = 0.

C2. | If -2isaroot of the quadratic equation L4. If 3isaroot of theequation
x*—kx—10 = 0, find k. x*—2kx + 12 = 0, find k.
x=-2, (-22-k(-2)-10 =0

-4 +2k -10=0
2k =14
k = 7

L5. | If -2and p areroots of thequadratic equation | L6. If -1 arerootsof thequadratic
2x*+3x +k = 0, find thevalueof k and p. equation px?—4x +3p—-8=0, find p.

2 Quadratic Equations 2




Do you know that

——

If the PRODUCT of two

™~

numbersiszero, then either one
or both the numbers must be

zero ?
N— S
qu:O ,
Thenx=0o0ory=0
or X=y =0 (both are zeroes)
N— __~

Example: If (x—-2) (X + 3)

equation (x-2)(x+3) =0.

N—

:O,
Then X—2=0o0orx+3 =0;
l.e X=2 or XxX=-3.

\

2 and -3 arecalled therootsof the

_
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2.3.1 To Solve Quadratic Equations: ax*+bx +c=0

|. By Factorisation

- Thismethod can only be used if the quadratic expression can be factorised completely.

EXAMPLE EXERCISE
C1. | Solvethe quadratic equation x°+5x +6=0. L1. Solve x* — 4x—-5=0.
Answer: x> +5x +6=0 Jawapan:
x+2)(x+3)=0
Xx+2=0 or x+3=0
X=-2 or X=-3
Ans: -1,5
C2. | Solvethe quadratic equation 2x (x —1) = 6. L2. Solve x (1+x) = 6.
Ans: 2X(x-1)=6
2% -x-6=0
(2x+3)(x-2)=0
2x+3=0 or x-2=0
X = —§ o x=2
2
Ans: -3,2
L3. | Solve(x —3)° = 1. L4. Solve 1+ 2x° = 5x + 4.
Ans: 2,4 Ans: 1, 32
L3. | Solve(2x—1)*= 2x—1. L4. Solve 5x°—45=0.
Ans: %1 Ans: -3,3
L5. | Selesaikan (x —3)(x + 3) = 16. L6. Selesaikan 3 +x —4x°=0.
Ans: -5,5 Ans: —%,1
L7. | Solve x(x +2) = 24. L8. Solve 2(x*—9) = 5x.

Ans: —-6,4

Ans:

-2,92
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2.3.2 To Solve Quadratic Equations: ax*+bx +c=0

. By ‘Completing the Squar e’

“Toexpress ax° + bx + ¢ intheform a(x + p)®+ q

SimpleCase: Whena=1

EXAMPLE

EXERCISE

Cl. | Solve x* + 4x—5=0by method of

‘completing the square€'.

x> +4x-5 =0

2 2
x2+4x+(ﬂj —(ﬂj -5=0
2 2
(x+2? - 4 -5 =0
(x+2)> -9

(x+2)°
X+2

X

X =-5 or

H W

0
9
t
-2 +£3
1

X =

L1 Solve x*+ 4x + 3= 0by method of
‘completing the square€'.

(Ans: -1, -3)

C2.

Solvex?—6x +3 = 0 by method of

‘completing the squar€’. Give your answer
correct to 3 decimal places.

X>—6x+3 =0
2 2
x2—6x+(_—6j —(_—GJ +3=0
2 2
x=3¥ - 9 + 3 =0
(x-2)>=-6 = 0
(X +2) = 6
X+2 = + 46
X = -Zi\/g
X = - or X =

L2. Solve x* -8x + 5= 0, giveyour
answer s correct to 4 significant figures.

Ans: 7.317,0.6834

L3.

Solve xX*—2x—9 = 0 by completing the
square, giveyour answers correct to 4
significant figures.

Ans: -2212 ,4.162

L4. Solve x* + 10x + 5= 0, giveyour
answer s correct to 4 significant figures.

Ans: -0.5279, —9.472

2 Quadratic Equations




2.3.3 To Solve Quadratic Equations: ax*+bx +c=0

Method of completing the square

- by expressing ax® + bx + ¢ intheform a(x + p)>+q

[a=1, butinvolving fractions when completing the squar €]

EXAMPLE EXERCISE
C3. | Solve x¥*~3x—2 = 0 by method of L5. Solve x* +5x—4 = 0. Giveyour
‘completing the squar €' . Give your answer answer correct to 4 significant figures.
correct to 4 significant figures.
x*-3x-3 =0
2 2
X2 — 3X + (_—3) —(_—?’j -2=0
2 2
2
(X _ Ej — g -2=0
2 4
[ 3)2 17
X JR—— = R
2 4
3 -4 ¥
2 4
x = S
2 2
= - 0.5616 atau x = 3.562 (Ans: 0.7016, -5702)
L6. | Solve x*+x—8 = 0. Giveyour answer L7. Solve x* +7x+1 = 0, Giveyour
correct to 4 significant figures. answer correct to 4 significant figures.
(Ans: 2372, -3.372) (Ans: -0.1459, -6.8541)
L8. | Solve x(x+5) = 5. Giveyour answer L9. Solve x(2 +x) = 10 Giveyour answer

correct to 4 significant figures.

(Ans: 0.8541, -5.854)

correct to 4 significant figures.

(Ans: 2.317, -4.317)
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2.3.4 To Solve Quadratic Equations: ax*+bx+c=0

Method of completing the square

- To express ax” + bx + ¢ intheform a(x + p)*+q

If a#1: Divide both sidesby a first beforeyou proceed with the process of
‘completing the square’.

EXAMPLE

EXERCISE

Ca.

Solve 2x°—8x +7 = 0 by completing the
square.

22 -8x+7 =0

X2 —4AX + g =0 [+ 2first]

(x-2)2—4+g =0
(x=2) = ¥
X—-2 = = 1

2

x
I

.l
2

= 2707 atau 1.293

L10. Solve 2x° - 12x + 5= 0 correct to
two decimal places.

(Ans : 555, 045)

C5. | Solve -x*—4x+1 = 0 by completing the L11. Solve-2x*+10x + 9= O correct to
square. two decimal places.
-x*—4x+1 =0 [divideby (-1)]
x> +4x =1 =0
(Ans: 0.2361, -4.236)
(Ans: -0.78, 5.78)
L12. | Solve -x*—7x+3 = 0 by completing the L13. Solve x(3—2x)=-6 correct totwo
square. decimal places.

(Ans : -7.405, 0.4051)

(Ans : -1.14, 2.64)
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2.3.5 To Solve Quadratic Equations: ax*+bx+c=0

[11.  Using Formula b + /b2 _ 4ac
X =
2a
EXAMPLE EXERCISE
Cl. | Solve 2x*—8x+7 = 0 byusingformul. Give |L1. By usingformula solve 2x° - 12x +
your answer correct to 4 significant figures. 5= 0. Giveyour answer correct to 4
a=2,b=-8,c=7 significant figures.
L (8 (8’ - 4()
2(2)
8 +4/8
4
= 2707 atau 1.293
(Ans: 5550, 0.4505)
C2. | Solve2x(2—-3x) = -5 byusingformula, give |L2. By usingformula, solve
your answer correct to two decimal places. 3—x? = - 3(4x —3) correct to two decimal
places.
2X(2-3x) = -5
4x —6x> = -5
6x°—4x—-5=0
a= ,b= , C=
X =
(Ans: 131, -0.64) (Ans. 052, 1148 )
L3. | Solve x(2x-1) = 2 by usingformula, give L4. Solvethequadratic equation
your answer correct to two decimal places. 2X(x—4) = (1-x) (x+2). Giveyour answer
correct to 4 significant figures.
(SPM 2003)
(Ans : 1.28, -0.78) (Ans: 2591 , -0.2573)
L5. L6. Solvethequadratic equation

Solve x?—4x = 2 by using formula. Give
your answer correct to 4 significant figures.

(Ans : 4.449 , -0.4495)

X(x—=4) = (3—x)(x + 3). Giveyour
answer correct to two decimal places.

(Ans : 335, -1.35)
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2.4 To Form Quadratic Equations from Given Roots

If theroots of a quadratic equation are o and 3,

B ;

That is, X = o ; X =
Then X—a=0 or x—-p=0,
(x—a)(x=p)=0

The quadratic equation is

S~

X* = (a+ ) X + ap

—

= 0.

\.\/

2

X° + Sum of Roots X + Product of roots =0
EXAMPLE EXERCISE
Cl. | Find thequadratic equation with roots 2dan | L1. Find the quadratic equation with roots
- 4. -3dan 5.
X=2,X=-4
X—2=0o0orx+4=0
x-2)(x+4)=0
x> +2x—-8=0
Ans: x*-2x-15=0
L2. | Find the quadratic equation with roots Odan - | L3. Find the quadratic equation with roots
3. -Y%dan 6.
x=0, x=-3 X=-% , x=6
x=0or X+3=0 2X=-1 , X=6
2Xx+1=0, x-6=0
Ans: x*+3x =0 Ans: 2x*—11x—-6=0
C2. | Given that theroots of the quadratic equation | L4. Given tr21at theroots of the quadratic
2X*+ (p+1)x +q-2=0are -3and %. Find the | équation 3x"+kx+p—-2=0are 4and
valueof p and g. -%. Find k and p.
X=-3, X=1%
x+3=0o0r 2x-1=0
x+3)(2x-1) =0
2x*+5x-3 = 0
Comparing with the original equation :
p+1=5 , q-2= -3
P = 4 - (Ans: k=-10,p=-6)
L5. | Given that theroots of the quadratic equation | L6. Given that theroots of the quadratic

x*+(h—-2)x+2k=0are 4and -2. Find hand
k.

(Ans: h=0, k= -4

equation 2x*+ (3—k)x+8p=0are p and
2p ,p#0. Find k and p.

(Ans. p=2,k=15)

2 Quadratic Equations 9




2.5 The Quadratic Equation ax*+bx+c = 0
2.5.1 Relationship between “ b? —4ac” and the Roots of the Q.E.

CASE1 |b°—4ac > 0
Q.E. hastwo distinct roots.
The Graph y = f(x) cutsthex-axisat T WO distinct points.
\ / y=f(x)
/ \ y=f(x)
a>0 a<o
CASE 2 b2_4ac =0
Q.E. hasreal and equal roots.
The graph y = f(x) touchesthe x-axis[ The x-axisis the tangent to the
curve]
y=f(x) > X
> X y=f(x)
a>0 a<o
CASE 3 |p?—4ac < 0

Q.E. doesnot havereal roots.
Graphy =f(x) does not touch x-axis.

y=f(x) » X

y=f(x)

v
X

a>0 a<o

Graphisabove thex-axissince Graphisbelow the x-axissince
f(x) isaways positive. f(x) is aways negetive.
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2.5.2 Aplication (Relationship between “b*—4ac” and the type of roots)

EXAMPLE EXERCISE
C1 | (SPM 2000) L1. Therootsof thequadratic equation
Theroots of the quadratic equation 2*+px+q=0are2 and -3.
2x*+px+q=0are-6 and 3. Find
Find (@ pand q,
(@ pand q, (b) therange of values of k such that
(b) range of values of k such that 2x* + px + 2x% + px + g = k does not havereal roots.
g = k does not have real roots.
Answer :
(@) X=-6,x=3
x+6)(x-3)=0
x> +3x -18=0
2x*+6x—36=0
Comparing : p=6, q= -36.
(b) 2%+6x—36 =k
2x°+6x—36-k = 0
a=2, b=6,c=-36-Kk
b’~4ac < 0
62— 4(2)(-36-k) < 0
324+8k < 0
k < —405
L2 | Find therange of k if the quadratic equation | L3. Thequadratic equation 9+ 4x°= px has
2x*—x = k hasreal and distinct roots. equal roots. Find the possible values of p.
(Ans: k > -1/8)
(Ans: p= -12 atau 12)
L4 | Find therangeof p if thequadratic L5. Find therangeof p if thequadratic
equation 2x*+4x + 5+ p=0hasreal roots. | equation x*+ px = 2p does not havereal roots.
(Ans: p = -3) (Ans: -8 <p <0)
L6 | Therootsof the quadratic equation L7. Find therange of values of k if the

2x*+8 = (k —3)x arereal and different.
Deter mine the range of values of k.

(Ans: k < -5, k> 11)

quadratic equation x?+ 2kx + k + 6 =0 has
equal roots.

(Ans: k-2, 3)
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Reinfor cement Exercises (SPM Format Questions)

EXERCISE EXERCISE
L1 | (@ Theeguation x*—6x +7 = h(2x —3) has L2. Oneof therootsof the equation
roots which are equal. Find the values of h. 2x*+6x = 2k —1 istwicetheother. Find
[4] thevalue of k and the roots of the equation.
(b) Giventhat o and B areroots of the equation | [1999]
x?—2x +k =0, while2a and 2p aretheroots of
the equation x* + mx + 9= 0. Determine the
possible values of k and m. [SPM 1999]
[6]
(x=-1,x=-2; k=_§)
(h=-1,-2; k=29 2
4
L2. | (SPM 2003, P1, S3). Solvethe quadratic L3. (SPM 2003, P1, $4) Thequadratic
equation 2x(x —4) = (1 —x)(x + 2). Give your equation X (x+1) = px—4 hastwo distinct
answer correct to 4 significant sigures. [3] | roots.. Find the range of values of p. [3]
(x = 2591, -0.2573) (p,-3,p>5)
L4 | (SPM 2002) Find therange of k if the Q.E. L5. (= SPM 2001) Show that the straight line

x?+3 = k(x—1), k constant, has two distinct
roots. [3]

(k<-2, k>6)

y = 2—Xx doesnot meet the curve
2%—y*+k = 0 if k>8. [3]
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EXERCISE EXERCISE

L6 : p q L7. (SPM 2001) Given 2 and m are roots of
(SPM 2002) Given P and N areroots of the the equation (2x — 1)(x + 3) = k (X — 1), with
pq = - 5, find the values of k and m [5] | [4]
(k=-4, m=-5) P.S. quite challenging! (k=15,m=3)
L8. | (SPM 2000) Findtherange of x if the straight L9. (SPM 2000) The quadratic equation
liney = 2x + k does not intersect the curve 2x% + px + q = 0 has roots -2 and 3. Find the
X2 +y*—6=0. [5] | valueof p anf g sothat
2x% +px +q= k hasreal roots.
(k <-5.477 atau k >5.477) (p=-2,q=-12; k>-125)
L10. | (SPM 1995)
(c) Given Y2and -5 areroots of aquadratic  : (c) Prove that the roots of the equation
Equation.Write down the quadratic L(1- p)x® + x + p = 0 are real and negative IF
equation in the form ax®+ bx + ¢ = 0. 10<p<1l [5]

[2] |
(b) Find the range of values of x for which the :
equation x?+ kx + 2k —3 =0 has no real roots.

(3]

(2 +9x-5=0 ; 2<k<6) |

Untuk renungan : Gred M T anda adalah berkadar songsang dengan latihan yang anda buat !
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