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Section 1: Quadratic Functions and Quadratic Equations

Section 1: Quadratic Functions and Quadratic Equations

1.3 Use of absolute value sign Excluding its use in relation to inequalities.
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Section 1 — Quadratic Functions and Quadratic Equations
1. Definition of Absolute Value Signs

Definition of Absolute Value Signs
-

% Sir s

a, if a>0
1. |a|:{_aif aSO eg |7|:7 bUt |_7|:_(_7):7

2. T-FIsE TR

= — Efls Cases !
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Section 1 — Quadratic Functions and Quadratic Equations

Properties of Absolute Value Signs

fj%’ Sir A £ :
1. There are 7 properties in Absolute Value Signs
i X >0
1 X =|-x|
i ol=lxly
Iv. X :m where y=0
yl oyl
V. ‘xz‘ = x? :|x|2
_ If a>0, then |X|=2a means x=a or x=-a
Vi If a<0, then |x| —a means has no solution
il =yl = x=y or x=-y

2. However, 75 Cases is the most important concept!!!

P. 2 ©2007 A Lai learning Center. ALL RIGHTS RESERVED.
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Section 1 — Quadratic Functions and Quadratic Equations
2. Absolute Value Signs in Linear Equations

“73 Cases” in “Absolute Signs”

if" Sir A :
1. Y57 Cases?
=

eg. [x-1=2, |x-1+[2x-1=2.

2. 53#% % Cases?
= - CIR{ER! FYTUS EB S PR
eg. [x-1=2, [x-U+[2x-1=2, [x+1+|x-1+|x+3=4.

3. Bix, B “or” EE‘IEI‘?“EJ Cases 5= Answers!!!
e.g. x=2 or x=1 or x=3

©2007 A Lai learning Center. ALL RIGHTS RESERVED. P. 3
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Absolute Signs in linear Graphs

Tf" Sir HH A & :

Loy=f(x) = y=|f(x)

2. y=1f(x) = y="f(x)

P. 4 ©2007 A Lai learning Center. ALL RIGHTS RESERVED.
www.andylai.hk Prepared by Andy Lai




G Fsirpg CE-ADM-QFE-03N
Section 1 — Quadratic Functions and Quadratic Equations

3. Absolute Value Signs in Quadratic Equations

Absolute Signs in Quadratic Equations

% sSir s 0

1. 7Y Cases + Factorization!

e.g. |x—3|:‘x2—4x+3‘, XX +5x+6=0, ‘x2—4‘:4—x2

2. [fil Sum of roots, Product of roots — Y
= F|'f° take square! (JfiEI5) Cases!)

©2007 A Lai learning Center. ALL RIGHTS RESERVED. P. 5
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Section 1 — Quadratic Functions and Quadratic Equations

Absolute Signs in Quadratic Graphs

Tf" Sir HH A & :

Loy=f(x) = y=|f(x)|
2. y=f(x) = y=1(x)
3. y=ax’+bx+c = y=ax]x+bx+c
4. y=ax"+bx+c = y=ax’+b]x+c

5. y=ax’+bx+c = y=axx+blx+c

P. 6 ©2007 A Lai learning Center. ALL RIGHTS RESERVED.
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4. Exam Types Questions & SEE#E -

% sSir s

1. Solving linear equations with absolute signs
2. Solving quadratic equations with a absolute signs

3. Transformation of graphs with absolute signs

©2007 A Lai learning Center. ALL RIGHTS RESERVED. P.
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Section 1 — Quadratic Functions and Quadratic Equations

1. Solving linear equations with absolute signs

CE-ADM-QFE-O3N

www.andylai.hk Prepared by Andy Lai

1.
Solve |x—]4=2
(3 marks)
?’Sir?ﬂ?&r’ﬁcﬁ:
Method 1: Method 2:
x=1=2 x=1=2
X=-1=+2 or x-1=-2 Casel: x=1 Case 2: x<1
X=+42+1 or x=-2+1 x—1=2 —-(x=1)=2
Xx=3 or x=-1 X=2+1 —-X+1=2
Xx=3 Xx=-1
SoXx=3 or x=-1
SoX=3 or x=-1
2.
Solve [x-1=0
(3 marks)
ifJSir?ﬂgﬁf‘Lﬁ:ﬂ:
Method 1: Method 2:
x=1=0 x=1=0
X—1=0 or x-1=-0 Casel: x=>1 Case 2: x<1
x=1 or x=1 x=1=0 -(x-1)=0
x=1 —Xx+1=0
x=1
- 8 ©2007 A Lai learning Center. ALL RIGHTS RESERVED.
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Section 1 — Quadratic Functions and Quadratic Equations

Solve |x—]4 =-1

(3 marks)

?’Sir?ﬂ?ﬂfﬁcﬁ: -+ Absolute Value > 0!!!

Method 1:

Method 2:
x-1=-1 x-1=-1

X-1=-1 or x-1=—(-1)

Casel: x=>1 Case 2: x<1
x=0 or x=2 x—1=-1 -(x-)=-1
x=0 -Xx+1=-1
x=0?or x=27? (Contradiction!) X=2

Xx=07?o0r Xx=27? (Contradiction!)

Method 3:

- Absolute Value > 0
. No Solution

©2007 A Lai learning Center. ALL RIGHTS RESERVED. P. 9
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Section 1 — Quadratic Functions and Quadratic Equations

CE-ADM-QFE-O3N

4.

a. Solve |1— x| =2.

b. By considering the cases x<1 and x>1, or otherwise, solve |1— x| =x-1.

(5 marks)

i]%’ Sir FHM G . 77 Cases thL= !

©2007 A Lai learning Center.
www.andylai.hk Prepared by Andy Lai

a.
Method 1: Method 2:
1-x =2 1-x =2
1-x=+2 or 1-x=-2 Case 1: x<1 Case 2: x>1
X=-1 or x=+3 1-x=2 -1-x)=2
Xx=1-2 —14+x=2
Xx=-1 or x=3 Xx=-1 X=+3
Xx=-1 or x=3
b.
Method 1: Method 2:
|1—x|:x—l |1—x|:x—l
1-x=+(x-1) or 1-x=—(x-1) Case 1: x<1 Case 2: x>1
1-x=+x-1 or 1-x=-x+1 1-x=x-1 -1-x)=x-1
2X=2 or 0=07?77? 2X=2 -1+x=x-1
x=1 or x isall real numbers x=1 0=0
x=1 or x>1
x is all real numbers (Really???) x>1
. 10
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Section 1 — Quadratic Functions and Quadratic Equations

CE-ADM-QFE-O3N

Solve |x—2|+|2x+]4 =4

(5 marks)
Y IR
,f Sir RS D T B
Case 3: 2

Case 1: x<—1 Case 2: —ESXSZ ase x>

—(x=2)-(2x+1) =4 -(x=2)+(2x+1) =4 +(x=2)+(2x+1) =4

—X+2-2x-1=4 —X+2+2x+1=4 +X—2+2x+1=4

-3x=3 X=4-1-2 3x=5

Xx=-1 x=1

x=-1 or x=1

X =§ (Rejected!)

©2007 A Lai learning Center. ALL RIGHTS RESERVED. P. 11
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Section 1 — Quadratic Functions and Quadratic Equations

CE-ADM-QFE-O3N

a. |x—3|:1

b. [x-1=|x+1

Solve the following equations:

(6 marks)

Xx=0

?’Sir?ﬂ?&fﬁcﬁz

a.

Method 1: Method 2:

|x—3|=1 Casel: x>3 Case 2: x<3

x—3=1 -(x=-3)=1
Xx—=3=+1 or x-3=-1 X=4 -X+3=1
X=+1+3 or x=-1+3 X=2
X=+4 or x=+2
S X=4 or x=2

S X=4 or x=2
b.

Method 1:

x=4=[x+1

X—1=+(x+1) or x-1=—(x+1)

Xx—-1=x+1 or x-1=-x-1

-1=17? or 2x=0
No Solution or x=0
x=0

Method 2:

Casel: x<-1 Case2: -1<x<+1 Case 3: x>+1
—(x=1)=-(x+1) —(x=1)=x+1 X—1=x+1
—X+1l=-x-1 —X+1=x+1 —1=1 (No solution)
+1=-1 (No solution) 2x=0

x=0

.12
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B sir
Section 1 — Quadratic Functions and Quadratic Equations
7.
Solve the following equations |x—3/=x+1.
(4 marks)
i]%’ Sir ?F_ij:ﬂr’ﬁ:ﬂ :
Case 1: x<3 Case 2: x>3
—(x=3)=x+1 Xx—=3=x+1
—X+3=x+1 -3=1
2X=2 . No solution for x>3
x=1
x=1.
8.
Solve the following equations |3— 2x| =6X-5
(4 marks)
Z’]? Sir ?E{q%_r’ﬁ:ﬂ :
Case 1: x<E Case 2: XZE
2 2
3-2Xx=6x-5 —3+2x=6x-5
8x=8 2=4x
x=1 .
x=% (Rejected)
ALL RIGHTS RESERVED. P.
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Section 1 — Quadratic Functions and Quadratic Equations

9.
Solve the following equations |x—2|+[2x+1=4
(6 marks)
?’Sir?ﬂjﬂfﬁcﬂ:
: 2
Case 1: x<—% Case 2: —%SXSZ Case3: x>
-(x=2)-(2x+1) =4 —-(x=2)+(2x+1) =4 (x=2)+(2x+1) =4
—X+2-2x-1=4 —X+2+2x+1=4 3X=5
-3x=3 x=1
x:E (Rejected)
SoXx=-1 or x=1
10.
Solve the following equations 1 :%
—X
(5 marks)
Z?Sir ?E{q%_r’ﬁ:ﬂ:
2x+1 1
3—-x| 4
2x+1 1
3-% 4
42x+1 =[3- |
Case 3: 3
Case 1: x<—% Case 2: —%gxss ase s x>
—4(2x+1)=3-x 4(2x+1)=3-x 4(2x+1)=—(3-X)
-8Xx—-4-3+x=0 9x+1=0 8X+4+3-x=0
—Ix=7 o 1 Tx=-7
x=-1 9 x=-1 (Rejected)
Sox=-1 or x:—1
9
P. 14 ©2007 A Lai learning Center. ALL RIGHTS RESERVED.
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Section 1 — Quadratic Functions and Quadratic Equations
11.
a. Solve |x—1=|x -1, where 0<x<1,
b. Solve |x—1|=|x-1.
(5 marks)
- 7. ,ﬂ e, X _
i]%’ Sir fEfH A S BT Cases! Ei Easy!
a. For 0<x<1,
—-(x-)=x-1
-X+1=x-1
2Xx=2
x=1
b.
Case 1: x<0 Case 2: 0<x<1 Case 3: x>1
—(x=-1)=-x-1 ~ x=1l=x-1
Cx4le—x-1 : Part a fig =+ 0=0
1=-1 By parta, x=1 . all real no. for x>1
.. No solution for x<0
. All real numbers for x>1.
©2007 A Lai learning Center. ALL RIGHTS RESERVED. P. 15
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Section 1 — Quadratic Functions and Quadratic Equations
2. Solving quadratic equations with a absolute signs

CE-ADM-QFE-O3N

Solve the following equality |x -3/ = ‘xz —4x+3‘.

i]%’ Sir f$ 5 T2 77 Cases + Factorization!

|x—3|:‘x2—4x+3‘

x=3 =|(x-3)(x-1)

Case 1: x<1 Case 2: 1<x<3 Case 3: x>3
—(x=3)=(x-3)(x-1)  -(x=-3=—(x-3)(x-1) (x-3)=(x-3)(x-1)
—X+3=x>-4x+3 —X+3=-x*+4x-3 X—3=x*-4x+3
x> —3x=0 x*—5x+6=0 x> —5X+6
X(x-3)=0 (x=3)(x=2)=0 (x=3)(x=2)=0
x=0 or x-3=0 Xx—3=0 or x-2=0 x—3=0 or x-2=0
X=0 or X=3(Rejected)) X=3 0Or X=2 X = 3 weieoteay OF X = 2 Rejectear
x=0 No Solution
x=0 or x=2 or x=3
2.
Solve the following equality x|X|+5x+6=0.

Z’?Sw S 57 Cases + Factorization!
Case 1: x<0 Case2: x=0
X(—X)+5x+6=0 X(X)+5x+6=0
—X*+5x+6=0 x> +5x+6=0
(-x+6)(x+1) =0 (x+2)(x+3)=0
—X+6=0 or x+1=0 X+2=0 or x+3=0
X =6 (Rejected) or X=-1 X = —2 (Rejected) Or X = —3(Rejected)

x=-1

ox=-1

. 16 ©2007 A Lai learning Center. ALL RIGHTS RESERVED.
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Solve the following equality ‘xz —4‘ =4—x*,

i]%’ Sir f$ 5 T2 77 Cases + Factorization!

‘xz —4‘ =4-—x?

(x=2)(x+2)|=4-x

Case 1. x<-2 Case2: —2<x<2 Case 3: x>2
(x=2)(x+2)=4-%* —(x=2)(x+2)=4-x’ (x=2)(x+2)=4-x*
X>—4=4-x° —X*+4=4-%* X>—4=4-x°
2x% =8 0=0 2x* =8
x> =4 . Allrealno.for —2<X<2 X% =4
X=+2 or x=-2 X=+2 or x=-2

(Rejected) (Rejected) (Rejected) (Rejected)

. All real no. for —2<x<2

Solve the following equality 3(x +1)° —7|x+1+2=0.

Z’j? Sir s T 15T Cases + Factorization!

Case 1: x<-1 Case 2: x=>-1

3(x+1F +7(x+1)+2=0 3A(x+1) -7(x+1)+2=0
3X2 +6X+3+7X+7+2=0 3X> +6X+3-7x-7+2=0
3x? +13x+12=0 3x2—x-2=0
(Bx+4)(x+3)=0 (Bx+2)(x-1) =0
3X+4=0 or x+3=0 3X+2=0 or x-1=0
x:—§ or x=-3 x:—g or x=1

x:—g or x=-3 or x:—E or x=1

©2007 A Lai learning Center. ALL RIGHTS RESERVED. P. 17
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5.
Solve the following equality ‘xz +3X —4‘ =6.
. .. M8
Z‘f’ Sir HHA
‘xz +3X— 4‘ =6

|(x+4)(x-1)|=6

Casel: x<—4 Case 2: —4<x<1 Case 3: x>1
x> +3x—4=6 —(x*+3x—-4)=6 x> +3x—4=6
x> +3x-10=0 —x*—-3x+4=6 X*+3x—-4=6
(x+5)(x-2)=0 —x?=3x-2=0 x?+3x-10=0
x+5=0 or x-2=0 (-x-1)(x+2)=0 (x+5)(x-2)=0

X=-5 0or X=2 (Rejected) —X-1=0 or x+2=0 X+5=0 or x-2=0

Xx=-1 or x=-2 X = —5 (Rejected) Or X=2

X=-5 or x=-2 or x=-1 or x=2

. 18 ©2007 A Lai learning Center. ALL RIGHTS RESERVED.
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Section 1 — Quadratic Functions and Quadratic Equations

a and B are the real roots of the quadratic equation x* —5x+k =0 such that

| — B| =3. Find the value(s) of k.

(4 marks)

i]%’ Sir fHE 5 & . [&— — 7ER) take square! ‘]!

Sum of roots a+,8=—_—5:5.

1

Product of roots off = % =k.
a-p=3

(- pF|=3

\/(a+,6’)2—4a,6"=3
J6F—4wﬂ=3
Jﬂ‘:s

f,]%’ Sir FHEMA G : 735 Cases 4LZ Take Squares!

Case 1: ké% Case 2: k>§

ion! ?
‘ 25—4k‘ _3 No solution! (Do you know why?)

25— 4k = 3°

25-4k =9

4k =16
k=4

k=4

©2007 A Lai learning Center. ALL RIGHTS RESERVED. P. 19
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Section 1 — Quadratic Functions and Quadratic Equations

3. Transformation of graphs with absolute signs

L

Stretch f(x)=x-1.for —-5<x<5

=

o

Stretch f(x)=|x-1 and f(x)=x-1 on the same graph for —5<x<5

Stretch f(x)=|x-1 and f(x)=x-1 on the same graph for —5<x<5

% sSir g O

a. f(x)=x-1 for -5<x<5

Slope =1, y-intercept = -1, x-intercept = 1.
X=-5y=-6, x=5y=4

b. f(x)=|x-1 for -5<x<5

: Reflecting about x-axis for “negative y”’!

Case 1: x<1, f(x)=—-(x-1)

f(x)=-x+1
Slope =-1, y-intercept = +1, x-intercept = -1.
X=-5YyY=46

Case2: x>1, f(x)=x-1

c. f(x)=[x-1

€ . Reflecting about y-axis for “negative x”!

Case 1: x<0, f(x)=—x-1
Slope = -1, y-intercept = -1, x-intercept = -1.
X=-5Yy=+4,

Case2: x>0, f(x)=x-1

P. 20 ©2007 A Lai learning Center.
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Section 1 — Quadratic Functions and Quadratic Equations

CE-ADM-QFE-O3N

2.

a. Stretch the graph y=2/x+2+|2x-§ for -5<x<5

b. Use the graph in (a) to solve the following equations.

. 2x+2+[2x -5 =15
i.  2x+2]+[2x-5=9

jii.  2x+2+[2x-5=3

% sSir sizpise: .

a. y=2x+2+[2x-5/, -5<x<5

Case l: x<=2 Case 2: —ZSXSg Case 3: x>g
y=-2(x+2)—(2x-5) y=2(x+2)—(2x-5) y=2(x+2)+(2x-5)
y=-2X—4-2x+5 y=2X+4-2Xx+5 y=2X+4+2x-5
y=—4x+1 y=9 y=4x-1

b.

i 2x+2/+[2x-5/=15, From the graph, y=15 when x<-2 and x>g.

For x<-2, y=15 when x:l—j:—3.5.

For x>g, y =15 when x:%:m

ii. 2x+2/+[2x-5/=9, From the graph, y=9, when -2<x<=.

N | O1

iii. 2Jx+2/+[2x—5/=3, From the graph, y=3, there is no solution.

©2007 A Lai learning Center.

ALL RIGHTS RESERVED.
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Section 1 — Quadratic Functions and Quadratic Equations

CE-ADM-QFE-O3N

3. Let f(x)=x" and g(x)=x:|x]

a. Stretch y=f(x) for —5<x<5
b. Stretch y=f(x) and y=g(x) on the same graph for —5<x<5

(5 marks)

% sSir g O

a. f(x)=x*,for -5<x<5.

x=0, y=0.
X=-5, y=25
x=5, y=25
Vertex =(0,0)

a>0 = Opening Upwards

b. g(x)=x:|x,for —5<x<5.

Case1l: x<0

g(x) =—x*

a<0 = Opening Downwards
x=0, y=0.

X=-5, y=-25

Vertex = (0,0)

Case 2: x>0
g(x)=x* = f(x)

.22 ©2007 A Lai learning Center. ALL RIGHTS RESERVED.
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Section 1 — Quadratic Functions and Quadratic Equations

a. Stretch y=f(x) for

b. Stretch y=f(x) and

c. Stretch y=f(x) and

for —5<x<5

Let f(x)=3x"+4x—-4

-5<x<5

y=|f(x)| onthesame graph for —5<x<5

y=f(x]) onthesame graphfor —5<x<5

d. Find the value of k such that the graph y=f(x)+k and y= | f(x)+ k| are the same

(7 marks)
?Sir?ﬂ?ﬂfﬁcﬂ:
a. f(x)=3x"+4x—4,for —5<x<5
When 3x*+4x—-4=0
(Bx-2)(x+2)=0
3x-2=0 or x+2=0
x:E or x=-2
3
— 2_
Vertex:(—b,—b 4ac):(—z,—E)
2a 4a 3 3
x=-5, y=51 and x=5, y=091
©2007 A Lai learning Center. ALL RIGHTS RESERVED. P. 23
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Section 1 — Quadratic Functions and Quadratic Equations

b. y=|f(x),for -5<x<5 & : Reflecting about x-axis for “negative y”!

Case 1: —2£xs§,

f(X) =—(3x* +4x—4)
f(X)=-3x*—4x+4
When —3x*—4x+4=0

x:g or x=-2

—_— 2 —_—
Vertex = (—b,— b 4ac) = (—E,E)
2a 4a 3 3

Case 2: x<-2 or x>§,

f(X)=3x" +4x—4

c. y=f(x),for -5<x<5 & - Reflecting about y-axis for negative x!!!

Case1l: x<0, f(x)=3x*-4x-4

When 3x*—4x+4=0
A=(-4)? - 4(3)(4) =—-32<0
. No real root!

x=-5y=491, x=0,y=-4

Case2: x>0, f(x)=3x*+4x-4

From the graph,
When y= f(x) isshifted upwards

by 4 unit vertically,
The graph of y=f(x)+k and

y=|f(x)+k| become the same.

k=4

P. 24 ©2007 A Lai learning Center. ALL RIGHTS RESERVED.
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" SiF?%%’ CE-ADM-QFE-O3N

Do you know how HKEA comment Student’s knowledge on “Absolute Value”?

1. In 2007 HKCEE Additional Mathematics Subject Report, HKEA states that:

Q.11
“Most Candidates didn’t understand the definition of absolute value of a real number x
. ) X, If x>0
well and wrote mistakenly that |x|=+x instead of |x|= _
—xif x<0

a. Many candidates ignored the condition 0<x <1 and solved the equation mistakenly

by using |x|=+x.

b. Many candidates solved the equation by simply writing |x| =+X asin (a). Some

candidates didn’t know that x—-1=x-1 is an identity and concluded that there is no
solution while some others rejected x-1=-x-1 instead of concluding that there is no
solution.

Fl Absolute, 7= Absolute

— — Rl Cases !

The End.
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