E ' Functions and Graphs '

23 (a —2) =1 p.56
Chapter 2 . @ /2 P
. — Functions and Graphs 3+h=2y =-1
L 4k = -4
k= -1
- b) - (x) = g(x)
- Follow-up pp.53 - 88 ®) ) =gt
: 3—x" =2x
R SR | —
21 (a) 053 vra=i=0
(x+3)x=1=0
F 96.8 98.6 | 100.4 | 102.2 104 105.8 =3 or |
c | 36 | 37 38 39 | 40 | 4l e
(b) c 2.4 (a) The graph opens upwards. p.62
411 (b) From the graph of yy = 2x" — 8x + £.
the y-intercept = [ 1.
401
k=11
. 39%
(¢) Vertex = (2, 3)
38t
571 2.5 (a) For Graph (I y=16—(x— 1Y’ p.65
: Substituting 1 = 0 into the cquation, we have
367 ; 0=16=(x—1)
a5t e (-1 =16
ot ! ; ' . x—1l=-4or x—1=4
“HA— t t t t —> F
Ol 96 98 100 102 104 106 x=-3or5
The x-intercepts are —3 and 5.
(© C=2(1013-32) For Graph (1) y = 16 — 4(x — 1)’
g Substituting y = 0 into the equation, we have
:5(69.3) 0=16-4(x—-1)
~385 dx—1yY =16
(x—-1)Y =4
) C=2(1013-32) x—1=-2or x-1=2
9 x=-lor3
= %(69.3) . The x-intercepts are —1 and 3.
=385 (b) Graph (I) opens wider.
>373
*. Dick is suffering from a fever.
22 (a) g(-2)=2(-2) —4(-2) + 1 55

=8+8+1=17
g(=4)=2(-4) - 4(—4) + |
=32+16+1=49

(b) -+ 2g(-2)=2x17

=34=49
- 8-Hh #2g(-2)

22 =



(©) y

o+

y=16—(x—-1)°

y=16—-4(x-1)?

From the graph, we can see that graph (I) opens wider.

2.6 (a) Putting x =-3, y =5 into the given equation, \p.68‘
we have

5

5

k

I

—(=3+4)  +k
-l +k

I

I
11=)

(b) Since the equation of the graph is
y=—(x+4Y +6,
the vertex is (—4, 6).

(¢) The axis of symmetry: x = -4

(d) Maximum value of y is 6.

2.7 (a) Putting x = 1, y = 8 into the given equation, p69

we have
8=—(1+3)1-k)
8=—4+4k
12 = 4%
k=3

(b) Since the equation of the graph is
y=—(x+3)x-3)
=—x"+9
The vertex is (0, 9) and the axis of symmetry is x = 0.

(¢) From the graph,

x-intercepts = -3 and 3

y-intercept = 9

(d) )

=

—24

2.8 p.71

(@) s =101 = 5¢
=-=5(r =21
=~5( =2 +4—4)
=-5(/1—=2) +20
s 18 maximum when 1 = 2.

The bullet reach the maximum height after 2 seconds.

(b) Whenr=2,
s==52-2Y+20
=20
The maximum height is 20 m.

29 (a) P=—x+40x+ 15 P71
= —(x* — 40x + 20" - 20%) + 15
= —(x" = 40x +20%) + 400 + 15
=—(x—20) +415
The maximum profit is $415.

(b) Since P attains its maximum value when x = 20,
20 cakes should be sold to make the maximum profit.
2.10 P77
(a)

y |-12(-44] 0 |19] 2 |1.1] 0 |-06] O |26

23



2 : Functionué alﬁéfaph‘s.

(b)

= x42

(¢) From the graph,
V-intercept =2

Vertex = (0.2, 2.1) and (1.5,-0.6)

2.11

p.78

@ x| -4 | 3 |=2|-1|0]1

¥ 10.0625(0.12510.25105] 1 | 2

(b)

2}

(¢) No, the curve does not have any vertex.

(d) No, y cannot be negative.

24

212 p.81
gl
y=4
=& \
8] R N
—4+4 y=_t
'*8"'

y=—x*+x+6

(a) From the graph,
the solution is =3 <x <4,

(b) —X" +x+2 20 can be written as
A x+24+4-420,
X Hx+ 624,
We should add the line y =4 on the graph.

(¢) From the graph,
the solution is —1 <x <2,

2.13 (a) n.88

FETTNT

(b) A translation of 2 units to the left and 2 units upwards
of the graph of y = —x + 3 will give the graph of
y=—(x+2)" +3.




- Teacher’s Example

Example 2.1T P52

@ 5 10 ] 20 ] 30| 40 | 50 | 60 | 70 | 80

110 | 120 | 130 | 140 | 150 | 160 | 170 | 180

)
1807 -
1701
1601
140}
R

12071

: 110_;,/

e X
Of 10 20 30 40 50 60 70 80

(¢) y =25+ 100
=125
The mobile company has 1000 customers,
The company earns
$ (1000 x 125)
= §$125 000

Example 2.2T .55

@ f(=2)=(-2+43)(2-4+5
=1(=6)+5
=
FO)=(0+3)(0-4)+5
=3(-4)+5

FQ)=@2+3)2-4)+5
=5(-2)+5
=22

(b) Since (=2) +/(2) =1 + (=5)
=—6#-7
2R £ A0)

Teacher’s Example %

Example 2.3T p55
(a) g(2)=1
k—202) = 1
k—8=1
k=9

(b) gx)+3x=0
9-2x"+3x=0
2r'=3x=9=0

2x+3)x=-3)=0

Example 2.4T p.62

(a) The graph opens upwards.

(b) The graph passes through the point (0, -9).
—9=2(000+3)+4
k=-9
(¢) From the graph,
y-intercept = 9 and

vertex = (—1.5, —13.5).

Example 2.5T ! p 64

1

(b) Graphs (I) and (IIT) are symmetrical about the x-axis.

(c) Graph (II) opens narrower than Graph (1).



2 [ Functions and Graphs|

Example 2.6T 68 (@) y
(a) Vertex =(—1, 6) \ 10+ y=22 82X 12
(b) Putting x =2, y = —12 into the given equation, we have
—12=a(2+1y +6
-18 =9¢
a=-2 X
(¢) Since ¢ = -2 < 0. the graph opens downwards.
It has a maximum value.
Example 2.7T D.68
(a) Putting x = -2, y = -8 into the given equation, we have
-8 =2(=2) + b(-2)~ 12
—8=8-2h-12 Example 2.8T p.70
2h=4
h=2 . !
z a) s=45- —
@ 20
(b) ¥=2x>+2x~12 40=45-
L i 20
=2 ,\"+X+[L] ~[1] -12 v =100
2 2 v =10 or —10 (rejected)
=2 (\ +~7J _Lp 12 (b) The maximum velocity is attained when s = 0.
; . so0=45- 21
N ! 25 . 20
= [X +§J T v =900
§ 25 v =30 or —30 (rejected)
Vertex = (75’ ‘7) - The maximum velocity is 30 m/s.
(c) When y =0, Example 2.9T p.71
2% +2x—12=0 .
¥ H+x-6=0 (@) C=x"-40+4100
(r+3)x=2)=0 —.\‘1—4Ox+(ﬁj -[4()) +4100
x=-3or2 2 2
x-intercept = -3 or 2 C(a0Y
=(x—-20)" - — ] +4100
When x =0, 2
y=2(0y +2(0)- 12 =(x —20)*+3700
=_12 . The number of bicycle made is 20.

. y-intercept = 12

(b) From (a), when 20 bicycles are made, the minimum cost of making
bicycles is $3700.

Example 2.10T P77
@] x | -1 ]-05] 0 [os][ 1 [15]2
4 [1ss| 1 o063 | 0 [-163] 5

26



Exercise 2.

by ey ' Example 2.12T f!p‘18”1 )
(a)
y=2x>~7x+3
30+ :
20+
0__

,\,_
v
AN
<
I
<

2+
34 (b) (i) Draw the line vy = 7 on the graph, the required solution is
|
_at »—:<,\‘<4f
=57 - . o
(ii) From the graph. the required solution is SSx< 3
(¢) From the graph (iii) 2x" = 7x + | > —2 can be wrilten as
y-intercept = 1 20 =Tx+3>0,
) : o !
and no vertex. . The required solutions is x < 5 orx> 3.
Example 2.11T p.78
Example 2.13T .88
(a) y .
; (a) x —6x+10
% 2 2
L ST =x = 6x+3-3"+10
' ‘ =(x-3)+1
_ 4 _;]Q“ (——)—
2 y=%-xv2
. (b) A translation of 4 units to the left and 3 units downwards of the
. ' . ; x graph of p=x" — 6x + 10 will give the graphof y = (x + 1)’ - 2.
2 4 6 8

- Exercise 2.1 pp.56 - 58!
Level 1 56
(b) The curve tends to the line y = 4 when x becomes very large. L. (2 X -2 —1 0 1 2
y 3 -3 =5 -3

27
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' Functions and Graphs -

(b)

. (@) f(=3)= 10+ 3(=3)
1

=10-9=

(b) f(4)=10+3(4)
=10+12=22

(©) f(=2)=10+3(=2)
=10-6=4

(@) £(2)= 10+ 3(2)
=10+6=16

(a) g(0)=0"—4(0) + 1
=0-0+1=1

(b) g(l)y=1"=4(1)+1
=1-4+1=22

() g-1)= (-1 —4(-1)+ 1
=l+4+1=6

(d) g(-2)=(-2)" - 4(-2) + 1
=4+8+1=13

(a) H2)=(2+3)2-2)
=5(0)=0

(b) H(=3)=(3+3)(3-2)
=0(-5)=0

(©) H(1)=(1+3)(1-2)
=4(-1)=4

() H(=2)= (-2 +3)(-2-2)
= 1(-4)= =4

5. @) 6(3)=—5(3)=23

4
(b) G2)=-1(2)=-%
2

6. f(0)=3(0)+2=2

fAH=3(H+2=5

(@ [ -/(1)=2-5

SO+ f(1)_2+5

d
@ ALY 5

3
(@) 2n(-1)= Z[ZJ =3

5
(b) 4h(-2)= 4(ZJ_;

(¢) 2h(=1) + 4h(=2)=3 +5

=8
=l

+

(d) h(-1)+2h(=2)= %

SN—_——

P ue o]w

b | L
14~



8. (a)/(2)=3"=9

f3)=3"= 27

(b) f(2+3)=1(5)=3"=243
J2)+f3)=9+27
=36#243
S J@2H3) (2 +1(3)

(©) /(2-3)=/(6)=3"=729
f(2) - £(3)=9(27)
=243
s 2232 f(2) - f(3)

9. (a) f(-3)=18,
9—(k—1)(=3)=18
3k —3=9
3k =12
k=4

(b) fx)=-12
9—(4-1ix=-12
9+12 =3x
21 =3x
x=7

10. (a) g(2) =g(-3)

2P 2k—6=(=3)—(-3)k-6

4-2k=9+3k
—5k=5
k=l
() glx) =0
¥ (=lx—6=0
FP4x—6=0
(x+3)(x-2)=0

x==3 or 2

Level 2

@ r(3)=(3)+1
=3+1 :ézl

® 3 =4
-2

(2T (13) 169
l - — — TI ——
o[ G -3) &
12, f(k=2)—f(k+2)
=[(k=2)" =20k~ 2)] - [(k+2)" = 2(k +2)]
= [k ~dk+4 =2k + 4] — [k + 4k + 4~ 2k — 4]
=k —6k+8—k -2k
=8k+8
13. (a) f(0)=/(2+ 0)
=4(0°) - 6(0) + 7

-
/

f6)=123)
=4(3°) - 6(3)+7
=23

(b) f(a)-f[2~—;5)

=a’-3a+7

14. g(1)=g(2 - 1)
=3 -4
:974:2

15. Jx+1)=g(3x)
G+ D=3+ 1)+1=7+203%)
X2+ 1-3x=3+1=7+6x
X =Tx-8=0
TN (x +Dx-8)=0

x=-1 or 8

16. = h(x)=k(7x + 6)

7x*—10x ~12=—%(7x +6)

=3(7x*=10x —12)=5(7x +6)

—21x*+30x +36=35x + 30
21x*+5x -6=0
(7Tx=3)3x+2)=0

2 3
x=-=or =
3

Exercise 2.1 Bl




2 Functions and Graphs

17. (@) | x 1000 | 2000 | 3000 | 4000 | 5000 | 6000 2. y=4(x+2y-3
C'($) |32 00034 000 | 36 000 | 38 000 | 40 000 | 42 000 =4x"+ 16x+ 13
The cocfficient of x* =4 > 0,
() a8 ‘ : S . The graph opens upwards.
42 0001 :
3. p=—(x+2)+8
400001 = —dx+d
The coefficient of x” =—1 <0,
38:000T The graph opens downwards.
36 000+ C =30 000 + 2x 4 y=So 32y
=5-3x +6x-3
840007 =3¢ 4+ 6x+2
32 000+ The coefficient of ¥’ =3 < 0,
BY . The graph opens downwards.
o[’ 1000 2000 3000 4000 5000 6000 | 5 v=(x—1)y+4
) Vertex = (1, 4)
(©) C =30 000 + 2x Substituting x = 0 into the given equation,
39000 =30 000 + 2x y=(0-1)+4
x = 4500 =1+4
=5
18. (a) £=500+357+90n . y-intercept = 5
=500+ 125n )
® 6. y=2x+3)-6
(b) Whenn =1, Vertex = (-3,-6)
E'=500+125(1) Substituting x = 0 into the given cquation,
= $625 y=200+3Y-6
When n = 50, =2(9)-6
E =500+ 125(50) =12
=36750 . y-intercept= 12
$6750 7. y=—(x+2)'-5
(c) Expense per scout = =0 Vertex = (~2,-5)
= ﬁ Substituting x = 0 into the given equation,
y==~(0+2)~5
=—4-5
=-9
_ Exercise 2.2 pp72-75. o mtereept= 2
8. y=8-2(x-1)
Level 1 p72. - -1V 48
Ioy=(x-2y+2 Vertex = (1, 8)
=X —4x+6 Substituting x = 0 into the given equation,
The coefficient of X’ = 1> 0, y==2(0- 1’ +8
The graph opens upwards. ==2+8
=6

y-intercept = 6



9. (@) y=—(x+37+7
Vertex = (=3, 7)

(b) Axis of symmetry: x =-3

10. (a) y=3(x~2)"+5
Vertex = (2, 5)

(b) Axis of symmetry: x =2

1i.(a) v=x —8x+7
=¥ - Sv+4 -4 +7
=(x—4yY-16+7
=(x—4) -9

(b) Vertex = (4, —9)

(¢) Axigof symmetry: x =4

12.(a) y=—x"—10x+9
= F10r+5=5)+9
=—(x+5 +25+9
= —(x +5) +34

(b) Vertex = (-5, 34)

(¢) Axis of symmetry: x =5

B.y=x"+6x+7
=x+6x+3 =3 +7
=(x+3Y-9+7
=(x+3)-2

The minimum value of y is ~2.

14. y=2—-8x+5
=2(x —4x)+5
=2(x"—4x+2° =29 +5
=2(x—2Y-8+5
=2(x-2)Y-3

The minimum value of y is —3.

15. y=—"—8x+ |
= (" +8x)+1
=—(x + 8 +4" -4 +1
=—(x+4Y +16+1
=—(x+4Y+17
The maximum value of v is 17.

16. y=—3x"+ 12x— 4
=-3(x—4x) -5
=3 —4x+2° =28 -4
=3(x-2Y+12~-4
=-3(x-2)+38
The maximum value of y is 8.

ExerC}§g 2.2

17.y=x+DHx-7)+3
=X —Tx+x—-7+3

=X —6x-—4
=X~ 6x+3 -3 -4
=(x-3"-13

The minimum value of y is —13.

18. v=x(8—x)+ 10
=8x—x +10
= =80+ 10
= (X —8x +4 =4+ 10
=—(x—4Y +16+ 10
=—(x—4Y +26

The maximum value of v is 26.

19. (a) Graph (1): Vertex = (1, 7)

Graph (11): Vertex = (1, 7)

(b)

LG A I

y=—4(x—1°2+7

Graph (I) opens wider.

20. (a)

(b) Graph (II) opens narrower.

31



2 [ Functions and Graphs

Level 2 (p.73] (b) y=—+2c+8
=—(xX’=2x)+8
=—(x—2x+1-1)+8
=~ 1Y+ 1+8

21. (a) Vertex = (-3, 5)

(b) Substituting v = 0 into the given equation,

N =—(x—=1Y+9
0=—(x+37+5 - +9
x+3 =145 (¢) Vertex= (1, 9)
x=-3+ V/S
I 24. (a) Since the y-intercept is -5, we have
. x-intercepts = =35 c=-5
Substituting x = 0 into the given equation, Substituting x = —1, y = 0 into the given equation, we have
-‘.:7(0+3)3+5 0=(=1y+b-1)-5
=-94+5=-4 h=1-5=-4

. y-intercept = —4
- (b) When y =10,

() y=~{x+37+5 y o ¥ —4r=5=0
- ; (x+1)x=3)y=0
x=-1or35
“op=5

(€) y=x'—4x-35

X =X —dx+2° -2 -5
=(x—-2-9

(d) Vertex = (2,-9)

4 25. (a) When y =0,
g o \ X +4r+5=0
X —4x-5=0

x+Dx=5=0
x=-1or 5
Therefore, the coordinates of P and Q are (-1, 0) and (5, 0)

22. (a) Since the graph passes through (2, —-9) and (-1, 9), we have
9=a(2 -2y +k
9=a(-1 -2 +k

respectively.

R 8 - PO=5-(-1)= 6 units

9=9a+k oo (2) -
From(l),kz:_?_ ............... 3 (b)y:—x2+4x+5
Substituting (3) into (2), we have =X~ 4x)+5

9=9a-9 = (X —4x+2"-2H+5

18 =9a = (x—2Y+4+5

a=12 =—(x—-2/+9

Vertex = (2,9)

(b) The equation of the graph is
y=2(x-2y-9

(¢) PQ = 6 units, PS =9 units
Vertex = (2,-9) Area of PORS=6%9

=54 sq. units
(¢) Axisof symmetry: x =2 e

23. (a) Since the y-intercept is 8, we have 26. (a) Area =(400 —x)(480 +2x)
c=g =192 000 —2x*—480x +800x

) = (=2x>+320x +192 000) m*




(b) Area =—-2(x*—160x —96 000)
=-2[x —16x +(80)* —(80)* —96 000]
=-2(x —80)* - 2[-6400 — 96 000]
=-2(x —80)>+204 800
Maximum area is attained when x = 80.
Maximum area is 204 800 m".
27. (a) =2x" —84\ + 2400
=2(100)" — 84(100)+ 2400
=$14 000

(b) C =2x"—84x + 2400
=2(x’—42x +1200)
=2[x 7 —42x +(21)° —(21)* +1200]
=2(x =21) +2[—(21)* +1200]
=2(x =21’ +1518
The minimum cost is $1518.

(¢) From (b), for the minimum cost, the number of watches made
everyday is 21.

28. (a) When = 1.8,
1.8 =10r— 57
T 10t + 2 =0
) 5
254 —506+9=0
Gt 1)(5t-9)=0

! =

9
or —
5

1
5

(b) The rubbyer will reach the ground when 4 =0

106-57=0
502-0=0
t=0or 2

The rubber will reach the ground after 2 seconds.

(€) h=10¢—5¢
=-5(¢" = 21)
=5 -2t+1-1)
=50 —1Y+5
The maximum height is 5 m.

29. (a) Profit = Selling price — Cost

= (lSO)cy))c(]zx2 —150x+100]

, 1
= 150x—x? _Exz +150x—100

Il

—%x2+300x—100 (%)

(b) Substituting x = 80 into (x), we have

Profit = ¥§(80)2 +300(80)~-100
=$14 300

30.(a) A _XM _F B

Exercise 2.3 Bm

7

(e) Profit =~ %2 +300x 100
2 (x> —200x)— 100

(x* =200x +100° —100%)—

ww|w1\)\ww\u

:—EW—IOO)’ +15 000-100

:fg(xfl()())2 +14 900

The maximum profit is $14 900.

D= ~c

Mark two points 2 and Q on the figure as shown above.

ZDPC =90° (square properties)

ZPOG = £DPC (corr. s, FG 7/ AC)
=90°

LHFG = ZPQG (corr. Zs, HF // DB)
=90°

AFGH is a right-angled triangle.

(b) AF=x, FB=12 —x

HF—\/X +x
—\/2x
FG=~(12-x)Y +(12-x)
=2(12-x)
Area of AFGH = %(V'/E)(w/z(u‘ %)
[ PRI
=—4/4x (12—-x)"
> ( )
=x(12—x)
=-x" +12x

(¢) Area=—x"+12x
=—(x" - 12%)
== 12x+ 6" — 6%
=—(x—6) +36
The area of AF'GH attains its maximum value when x = 6.
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T

- Exercise 2.3 pp8i-86 B @] x | 2 1|0 | 1 ]2 3|4

Level 1 p.81 , , ;
o (b) y={x=3)(x+1)
1. y-intercept= 3, ,

number of vertex = 0

2. y-intercept = 8, 51

number of vertices = 2

3. Whenx=0.
y==0+1)0-15)
=—(1)(-5)=5
. y-intercept = 5
When y =0,
0=—(x+ Dx-75)

x==lor 5

. x-intercepts =—] and §

4. Whenx =0,

7 0+3

. y-intercept= 4

The graph does not have any x-intercept.

5. (a) From the graph,
x-intercept = 8 and

y-intergept = —4.

(b) The graph does not have any vertex.

x

6. (a) From the graph, o)
y-intercept = 1

(b) From the graph, when y =6,

x= 0.8 (correct to I decimal place) 9. Draw a line y =2 on the graph, the required solution isx < 1.8.

10. Draw a line y = 8 on the graph, the required solution is x > 3.9.
7. (a) X -2 -1 0 1 2 ) . s 4

-1 2 5 8 11

(b)

X

34



11. From the graph, the required solution is x < -2 or x > 3.

12. Draw a line y = 6 on the graph, the required solution is

-3<x<4
Level 2 p.84.
3. -2 -1 0 1 2
~5 -3 -1 ! 3
(b) ' I ¢
at
pul
. _.;1 )
| =
et

(¢) x-intercept= .5

y-intercept= -1

(d) Draw a line y = —1 on the graph, the required solution is

x20.

M@ x [ 3|=2(-1|l0]1|2]3]4

w g

(¢) (i) x-intercepts=-3 and 5

y-intercept = —1

(ii) Vertex = (1,-16)

Exercise 2.3 g

15. (a) Substituting x = -2, y = 10 into the function, we have

10 =k —2(-2)
10=k+4

/c:(z)

-2 -1 0 1 2 3
10 8 6 4 2 0

(b)

(¢) From the above graph,

the area = (%J =9 sq. units

16. (a) Substituting x = 1, y = 6 into the given equation, we have

6=(1-3Y+k
6=4+k
kzg

(b) y-intercept = 11
Vertex = (3, 2)

(€) x* = 6x + 7 < 0 can be written as
¥ —bx+3 -3 +7<0
(x=3Y-9+7<0
(x=3Y-2<0
(x=3Y+2-2-2<0
(x=3Y+2<4
Draw a line y = 4 on the graph, the required solution is

1.6 <x<44.

17. (a) From the graph, the y-intercept is 2.




N

! F;hctions and Graphs

(b) No, the graph does not cut the x-axis. (c)

(¢) Draw a line y = 1 on the graph, the required solution is

N y=-10

0=sx<14.
B@| x | 3| 2|10 | 1| 2|3 5
0.125) 025 | 05 1 2 4 8 ’
_;2 e} X
() ‘
—5+
it Ot
(d) (i) Draw a line v = 0 on the graph. the required solution is
—55<x< 1.5,
S j : ) (ii) x"+4x — 8 > 10 can be written as —x" — 4x + 8 < 10.
P / o Draw a line y = 10 on the graph, the required solutions is
F— e e t X x<—=34 or x>-0.6.
-3 ) -1 0 12 3 :

(b) (i) Draw a line y = 6 on the graph, the required solution is

308 - Exercise 2.4 pp.88 - 91
(ii) Draw a line y = 5 on the graph, the required solution is Level 1 .88
x<2.3.
: 1. (a) Translate the graph of y =x" +3
D@ x | 6|-5|-4]-3]-2]-I 0 1 2 1 unit to the left will obtain the graph of y = (x + 1) + 3.

y | =413 8 11 ] 12 | 11 8 3| -4

(b) Translate the graph of y = —(x — 1)’
) I ' e 4 units upwards will obtain the graph of y =—(x — 1)* + 2.

36



(@) y=(—-7)+4

b)) y=¥+4+6
=x"+10

(@) y=—(x+2Y+5

b)y=—x"+5-4

Exercise 2.4
PR\

9. y=(x+2-3Y-3+4
=(x-1'+1
A translation of 3 units to the right and 4 units upwards of

v=(x+2) -3 will obtain the graph of y=(x — 1) + 1.

10.y=(x—1—1+3
=(x—1y+2
A translation of | unit to the right and 3 units upwards of

y=x"— 1 will obtain the graph of y = (x = 1)’ + 2.

Level 2 p9‘l
11. (a) " +4x+9=—(x"—4x) + 9

:7(x2~4x+22—22)+9

=—(x=2V+4+9

= (x=2)"+13

(b) y=—x"+4x+9
=—(x—2y+13
If we translate the graph 3 units to the right, then the equation
of the image is y = —(x — 2 — 3)’ + 13
=—(x—5)+13

(¢) Vertex = (5, 13)

12. (a)

y=(x+12+7

*




2 ' Functions and Grayphs !

(b) A translation of 2 units to the left and 2 units upwards of
y=(x— 1Y +5 will obtain the graph of y = (x + 1)’ + 7.

13, (@) |
| y=2x" y=2x-1)°

157

x

(b) A translation of 1 unit to the right of v = 2x" will obtain the

graph of v =2(x — 1y,

14. (a) If the maximun value of v is 4, then

K—k+2=4
K-k+2-4=0
K-k-2=0

(k=2)k+1)=0
k= ?éor — 1 (rejected)

~

(b) Whenx =0,
y==20-2Y+(2"-2+2)
=-2(4) +4
-

(©)

(d) y=-2(x—-2-2Y+4
=2(x-4’+4

38

15.(a) 24 —5x+0.75

=2x“—-5x+—
=2 x7—i\ +2J
2 8

(b) Translate the graph of y = 23" — 5x + 0.75 8 units to the loft.
we have

2 .r7£+8 _B
4 8

=21
4) 3
9

(¢) From (b), translate the graph of y=2 (Y*%j —l?' 1 unit

upwards, we have

2;c+gz 7Q+1
4 8
Py 2
:2x+-—7 L
4 8

(d) From part (c),

Vertex = ~££
4 8

16. (a) —4x’ +8x+12
=—4(x*-2x -3)
=—4[x*=2x +(1)’ - (1)* - 3]
=—4(x — 1)’ —4[—(1)* - 3]
=—4(x —1)*+16

(b) Translate the graph m units to the right, the equation becomes
—4(x—1-m) +16.
The graph passes through the point (2, 0),
—“4Q2-1-mi+16=0

(1-m) =4
l-m=4%2
m=—1 or 3




(¢) Form=-1,
v=-4x-1-(-D] +16
=—4x"+16
For m =3,
v=-dlr-1-(3)] +16
=—4(x-4)" +16

- Revision Exercise 2

pp.96 - 107

Level 1 p.96

f.

(a) n 1s the independent variable.

(b) From the graph, C = 900 when n = 0.
900 =k + 80(0)
k= 900

(¢) When n =30,
C =900+ 80(30)
= 3300

~

(@ f(5)=+2(5)-1
= ’\//9 :é

F(3)=+203)-1

= '\//5

-
(b) Since V5 is an irrational number, /(3) is an irrational number.

(@) g(4)=

1
-2

4-2

6 —
3-2
6

(b) g(3)= 6

o g3)-g-4=6-(-1)
=7

(@) [(=2) = (-2)" - 4(-2) +2
=4+8+2=14

(b) f(2)=2"-4(2)+2
=2
2 (-2)+3f(2)=2(14) + 3(-2)
=28-6=22

Revision Exercise 2

5. (@) Ala-1)—hla+1)
=[@a—1Y=3a-1)-6]-[(a+1Y=3a+1)-6]
=[d’-2a+1-3a+3—6]—[¢’+2a+1-3a—3—6]
:((42—55172)7((12—a—8)

=a-5a-2—d +u+8

= —4a+6

b ha+1)=4
a@—a—-8=4

@ —a—12=0
(a+30a—-4)=0

a=-3 or 4

6. (1) g(0O)y=4-6"-2-3"

=4-2=2
aly=4-6"-2-3'
=24-6=18
Log)+eg(h=2+18

= 20

M g-H=4-6"-2-3"

7. fh+1) =k
k+ 1Y =20+ 1)-5=k
K+2k+1-2k-2-5-k=0

¥ -k-6=0
(k+2)k=3)=0
k=-2or 3

8. (a) g(0)=g(2:0)
8(0)* - 6(0) + 1
=1

Il

(b) g =g(2-2)
=8(2Y -6(2)+ 1
=32-12+1=21

() g(=2)=g(2--1)

=8(-1) - 6(=1)+ 1
=8+6+1:1:5

1
d) ofl) =
(@) g(1) =g(2 2)

A4

=2-3+1=0

1
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9. (a) Axis of symmetry: x =2 15. y=(x+3)9-x)
- =9x—x"+27-3x
(b) v is minimum when x = 2. 4 bx 12T
Minimum value is 7. = (¢ = 6x)+ 27

=—(x" — 6+ 3= 39 +27
=—(x-3)+9+27
=—(x-3Y+36

The maximum value of v is 36.

(c) Vertex= (2, 7)
10. (a) y-intercept = 21

(b) Whenx =0, y=-21.

o (0 — 5\ 4k \2? oy
21 =—(0-3) +% 16. (a) A:(i : 24 —x
21 =-25+4k 4 4
k:i 7.‘(2+576~48.\'+X:
16
(¢) Vertex = (5, 4) _2x7—48x +576
16
1. (a) The graph opens upwards. _ 2(x°=24x +12°~127)+576
16
(b) Whenx =0, y=0"—4(0)+ 7 _2(x—12)"~288+576
-7 16
. y-intercept= 7 = l(x —12)°+18
= 3 )
(¢) v =x —4x+7
D SN (b) From (a), the minimum value of 4 is 18 sq. units.
=(x=2)—
(x A)j 447 17. (a) a
=(x=-2)+3
Vertex = (2, 3)
Axis of symmetry: x =2 XT X
12.)/':~x2—4x+i5
= (" +4x)+ 5 ; b
=X +4x+2°=2H+5
) 12-2x
=—(x+2)+4+5 a:T:()—x
2
=—(r+2)'+9 b=6-x-x=6-2x

The maximum value of y is 9. N
Area d = (aﬂf;)E

13.y=2x"-12x— 1

-2 60 1 :(6—x+o~2x%
=2(x" —6x+3°-3)—1 (12 - 3x )x
=2(x—3Y—18—1 T
=2(x -3y - 19
The minimum value of y is —19. ® 4= (12— 3x)x
2
4. y=xQ2+x) - 11 _ 12x —3x7
=x+2x- 11 2
=X+ 2+ 1-1-11 - B —4x)
=@+1)’-12 73(x22~4x+22—22)
The minimum value of y is —12. = 5
C Bx=2)°+12
B 2

3
=2 (x=2)+6
z(k )

. A is maximum when x = 2.

40
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(¢) The maximum value of 4 is 6.

18. (a)

L y=(x=22+1
y=2(x=2°+1) =/ ‘

y={1-x)(x+3)

(b) Vertex = (-1, 4

~—

Axis of symmetry: x =—|

—7221 ]
(x=2r+ 20@) x |2l lol 2746 s ]10]12

5 105 =1 |=22{=27| -3 {-3.2|-33|-3.4

(b) Graph (I1) opens the widest.

19. @) x -2 0 2 4
oy | 16 | c12 | 8 )
v
B
2 o 2 4 ¢ (b) y-intercept = 1
il & i (¢) If x = -2, then the range of the values of yis-4<y<5.
== 12
+‘r®~ i ~ e 22. (a) x-intercept = —0.8
| k k y-intercept = 1.9

(b) From the graph,
[T R H (i) the required solution is
SO SN S SO0 O ST | ‘< 708’

(b) x-intercept = 6 (ii) the required solution is
y-intercept = —12 x 2-0.8.
— 23. (a) From the graph, the required solution is
200@ 1) ¢ 51 -al 3|0 _ =
X 5 4 3 2 1 2 3 08<y<2T

y|l-2l-slo3lal3]o]| 512

) XF-2x-5>0
X =2x-2-3>0
X —2x-2>3
Draw a line y = 3 on the graph, the required solution is
x<ldorx >34




: FunctlonsandGraphs :
24.(a) y=(x—3-4Y+2
=(x-7)+2

b)) y=(x—-3V+2+3
=(x-3)'+5

25. 1%

Level 2

26. (a) f(a)=1(b)

3d"—9a+4=3b"-9h+4

3" =3 9a—b)=0
3a—b)Ya+b)—-9%a—-b)=0
a-b)(a+b)—-3]1=0

~

a+#bt
(a+b)-3=0
atb=3

(b) fla+b)=/(3)
=3(3")-9(3)+4
-4

27. (a) y:—x2+6x+c
=—(x —6x)+c
= (X -6x+3+3)+c

:7!x73!2+9+c

(b) The maximum value of y is 4.
9+c=4

c=2=5

(¢) y-intercept =

42 8

(@)

28. (a) Since the graph touches the x-axis at only one point, A = 0.
[~(8 + k)] —4(=3)k-1)=0
K+ 16k+64+12k—12=0
K +28k+52=0
(k+26)(k+2)=0

k=-26 or =2

(b) If k takes the smallest value, then the equation of the graph
becomes v =—3x" + [8x — 27.
When y =0,
3+ 18x=27=0
X =6x+9=0
(x—3)"=0
x=3
r=(.0)

29. (a) Since the y-intercept = —0,
c=—6

b)y=x—4x-6
=¥ —4x+2°-2"-6

=(x-2)Y-10
V=(2,-10)
When y =-6,

X —dxr—6=-6

x —4x=0

x(x—4)=0

x=0 or 4
0=(4.-6)
(¢) Area of OPOR=4x%x6
= 24 sq. units

Area of AOVR = %(4)(1 0)

=20 sq. units
The difference between the areas is 24 — 20 = 4 sq. units.



(120-3x)
=

1 ,
=—(120x = 3x "~
2( X X7)

30.(a) 4=

b) 4 :%(120,\'—3.\‘3)

:%(73)@2 —-40x)

:—%(,\'1 —40x +207-20")

3 .3
== (x —20)" +2(400)
2( ) 2(

:fg(x —-20)* +600

The maximum value of 4 is 600.

{¢) Number of cow can be kept = —

31. (a) Substituting x = 2, y = 3 into the equation of graph (1),

3=—2 -1V +4k
3==1+k
k=4

The equation of graph (1) is
y==txr— 1Y +4.

Vertex = (1, 4)

(b) A translation of 1 unit to the right and 2 units upwards of

graph (1) will obtain graph (1I).

(© y=—(x—1-1Y+4+2
=—(x-2Y+6

32. (a) When x =0, y is undefined.

™ xJo1| 1|23 |4!5|6]7]s
y |10 2 [ 25331425/ 52162| 7.1/ 81

1
+1

() Vertex =(1, 2)

Revision Exercise 2 %

33.(a) y=—2x" +8x +2
=-2(x" —4x) +2
=2 —4dx+2° -2+ 2
=2(x-2)+8+2
=2(x-2)+10

(b) Maximum height = 10 m

(¢) When x =3,
Y==203y +8(3)+2
=—18+24+2
=38
The ball will fall into the basket.

34. (a) Total distance travelled for x hours = 60x

" =660 - 60x
I 0 2 4 6 5|
y 660 | 540 | 420 | 300 | 180 |

(¢)

LX

(d) If they arrive at Fuzhou, then y = 0.

0=660-60x
X :@:11
60

They will arrive at Fuzhou after 11 hours, that is, they will
arrive at 7:00 p.m.

35. (a) f(2)=8
S(1+1)=38
Prd()+k=38

k=3

(b) (=D =f-2+1)
=(=2)" +4(-2)+3
=4-8+3

L

(@ fx)=fx=1+1)
=@ =1’ +4(x-1)+3
=x" —2x+1+4x-4+3
=x"+2x




L
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i

(@) Jx)=3

X+2x=3
X +2x-3=0
(x+3)x—-1)=0

x=-3 or |

36-40 (HKCEE Questions)

Extended Question p.104

:f—lﬁ(.xl —200x +100% —100%)

200
=L 100y 410000
<200 0

— L (x=100y?+50
200

(b) The maximum height = 50 m

(¢) Wheny=0,
2
X
——— +x=0
200
—x*+200x =0
—x(x=200)=0

x=0 or 200
The ta‘rget is 200 units from the muzzle.

(d) Yes, the equation will be different from the original one.

Multiple-choice Questions (pp.105 - 107
1. A
2. B
F1) = (1% (14 1 (] 4 2)2%
=1-0-1
=0
3. C
f(2)=28
2-2)2+3)g)+a2)+b=8
204D =8 oo (1
J(=3)=-2
(=3 = 2)(=3 +3) g(=3) + a(=3) + b =2
P S )

Al

(H=@2): 5a=10
a=2
Substituting a = 2 into (1), we have
22 +b=28
b=

[[E=

B
Quadratic equations are in the form
ax’ + bx + c.

D
For a quadratic function v = ax” + bx + ¢, it has a maximum value
ifa<0.
Consider the function in D,
=12 —(x+ )x - 3)
=12-(x"=3xr+x-3)
=— X +2x+ 15
a=—-1<0

It has a maximum value.
C

A

Since @ < 0, the graph opens downwards,
C is false.

Since L < 0, the y-intercept is negative,
B is false.

. . . b
Since the line of symmetry is x = 3 >0,
a

(- b>0anda<0),
D is false.
Therefore, A is the correct answer.

A
v has a maximum value.
k<0
K-k-2=4
F-k-6=0

(k+2)(k—3)=0
k=-2 or 3 (rejected)

B
Consider the quadratic graph of y = =3 (x + 4)* + 9.

() Vertex =(—4, 9);

) - a=-3<0

It opens downwards.

(III) The maximum value of y is 9.
Therefore, only I is true.



10. C
11. B
Whenx=0, y= !
0+10
L
10

. .1
The y-intercept of the graph is o

12. A
13. A
14. B
15.D

16. B
y=—(x%3Y -7
=—(x+3+4Y-7+1
=—(x+7)-6

17.C

18. A
F(2x)=4x" - 8x+9
= (2x) = 4(2%) + 9
S f)=x"—4x+9
Fa+D=@+ 1Y —4x+1)+9
=X +2x+1-4x—4+9
=x'-2x+6

Revision Exercise 2
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