NSS Mathematics in Action (2nd Edition) 6A Full Solutions

3  More about Graphs of 7. (@)
Functions y

Review Exercise 3 (p. 3.5) N \
2—\( B
D

1. @ [®=237-33-4

Activity
- Activity 3.1 (p. 3.41)
g(a-1) =(a-1)* +4(a- 1) 1. g(x)zfz(x)+3
2. @ —a’- 2a+1+4a- 4 =x +3
— 2 _
=a +2a-3 2. x | 3] 2] -1] 0] 1] 2] 3
[x) | 9 4 1 0 1 4 9
g(2b +1) =(2b +1)* +4(2b +1) gx) | 12 7 4 3 4 7 12
(b) =4b> +4b +1+8b + 4 ,
=4b> +12b+5
3. @ f(2) =6
k(2)- 2 =6
2k =8
k :i
(b) From (a), we have f(x) =4x- 2. X
f@©) =- % 60)
at- 2 =-6
At =-4 4. Yes
t =-1
= 5. The graphof ¥ = f(x) + 3 can be obtained by
4. (a) The coordinates of Q =(3 2 +2) =(3. 4) translating the graph of y = f(x) upwards by 3 units.
6. (a) Yes

(b) The coordinates of R =C3- = 2)

(b) The graph of y = f(x) - 2 can be obtained by

translating the graph of y = f (x) downwards by
2 units.

5. The coordinates of Q =(- (- 5+ 4), 2) =1, 2)

6. Let (x, y) be the coordinates of P.

The coordinates of Q = (x -5, —y) = (4, =7) Activity 3.2 (p. 3.45)

x-5=4 . 9O =fx+D
x =9 ' —(x+1)?
and ~Y T° 7
y =7 2. x | 4] 3] 2]af]o0o]1]2 3
The coordinates of P =9, 7) fx] .. ]9 4 1 0 1 4 9
gx) | 9 4 1 0 1 4 9
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3,6(M) -

4. Yes

5. Thegraphof y = f(x +1) can be obtained by
translating the graph of y = f (x) leftwards by 1 unit.

6. (@) Yes

(b) The graphof ¥ = f(x - 2) can be obtained by
translating the graph of y = f (x) rightwards by
2 units.

Maths Dialogue

Maths Dialogue (p. 3.59)
g(x) =4x> - 4
=4(x*-1)

=4f(x)
The graph of y = f(x) is enlarged along the y-axis to
4 times the original to give the graph of y = g(x).
The graph of y = g(x) can be obtained by Ken’s
approach.
Suppose the graph of y = g(x) can be obtained by Angel’s
approach.
i.e. g(x) = f(kx) for some constant k.

g(x) =4x%*- 4
(kx)* - 1=4x*- 4
k*x* =4x*- 3
K2 =4-

X2

, 3 .
k =+ |4- —, which are not constant
b%

The graph of y = g(x) cannot be obtained by Angel’s
approach.

1.

g(x) =x* +x
="~ (%)
=f(-%)

The graph of y = g(x) can be obtained by reflecting the
graph of y = f(x) about the y-axis.

g(x) =x* +x
=x(x+1)
=(x+1-D(x+1)
=(x+1)% - (x+1)
=f(x+1)

The graph of y = g(x) can be obtained by translating the
graph of y = f(x) leftwards by 1 unit.

Classwork

Classwork (p. 3.6)
y

y=2
2
0 X
(@
y
p X
r=-
(b) s
Classwork (p. 3.12)
y
@) 0 5
y
1 X
y=[L
B\
(b) . X

Classwork (p. 3.13)
y

(@)

.

(b)

Classwork (p. 3.14)

8)



y
—sin®
6
0] 18§  3b0° 54V0°
(@

y=cos 6

0 T /I\ T /I 0
W 360° W 720°
(b) 1

1

Pl

. Rl

Y y=tané6
i i i i
1 VI /I I )I
[} 1 [} 1
[} ] [} 1
Q I 1 1 I 0
| 180° | F60° | 40° | 720°
© T
1 1 1 1
Classwork (p. 3.15)
1. Function Maximum Minimum
value value
(@) X2 :  nomax. value _4
y=—7-4
4
(b) y=sinx 1 1
(0 y=cosx : 1 1
2. Period
(a) Graph of : 360°
y =sin x
(b Graph of : 360°

) y =cos x

2
X
3. The graphs of y :T- 4 and Y =COS X show

reflectional symmetry about the y-axis.

y =log , x

4. The domain of the function 10 s all positive

real numbers, while the domain of other functions are all real

numbers.

Classwork (p. 3.43)

(@) '~ The graph of y = g(x) is obtained by translating the
graph of y = x* + 2x + 1 upwards by 2 _units.
The algebraic representation of g(x) is

g(x) =x> +2x+3.

(b) '~ The graph of y = h(x) is obtained by translating the
graph of y = x* + 2x + 1 downwards by 3 units.
The algebraic representation of h(x) is

h(x) =x +2x- 2.

Classwork (p. 3.47)
(@) ' The graph of y = g(x) is obtained by translating the

1.

C81)

(b) ..

(@

(b)

3 More about Graphs of Functions

graph of y = x> — x + 1 rightwards by 2_units.
The algebraic representation of g(x) is

g(x) =(x- 2)*- (x- 2)+1
=x’-4dx+4- x+2+1

=x?-5x+7

The graph of y = h(x) is obtained by translating the
graph of y = x> — x + 1 leftwards by _3 units.
The algebraic representation of h(x) is

h(x) =(x+3)* - (x+3)+1
=x?>+6x+9- x- 3+1

=x2+5x+7

Classwork (p. 3.49)

y=flx+1)-2

14
y=9(x)

B0 e
-1

_o y=1+ g(x—42)

Classwork (p. 3.51)
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Y

y=x®-2x

2
il y=—)y"+2x

T T > X

-1 1 2 3
2

(b)
2. @ 9IX)=- (x> - 2x+5)

=-x?>+2x-5

(b) g(x) =(-x)*- 2(-x) +5
=x>+2x+5

Quick Practice

Quick Practice 3.1 (p. 3.7)
The required graph is:

s )

Classwork (p. 3.54)
y
y=x2-x
y= ng X
0 K‘ -
[l it
>
@ -3
y
el y=1.5sinx
19 y=sinx
0 18 60°
G
1.5
(b)
Classwork (p. 3.57)
Y y=(2x)*—-2x
y=x3—x
X
0 A
1. )
@ Ty
y
1] y=sing y=sinx
0 1800 F60N_ 540 J20°
14
(b)

X



Quick Practice 3.2 (p. 3.10)
(@) The required graph is:
y

-1.3)

—107

Quick Practice 3.3 (p. 3.11)
The required graph is:
4

X =-

l.lll-

=x*+x+3

oo
|

I
p

Quick Practice 3.4 (p. 3.20)
Draw the horizontal line y = —1 on the graph of

y=-x>-3x+2.

y=-x2-3x+2

A R S B

The two graphs intersect at x =—3.8 and x = 0.8.
The solutions of - x? - 3x +2 =-1 arex=-3.8or
0.8.

Quick Practice 3.5 (p. 3.21)
¥

+ / by=2

/ / @y=15
\/y:2x3+3x2+1

3 More about Graphs of Functions

(a) Draw the horizontal line y = 1.5 on the graph of
y =2x> +3x> +1.
The two graphs intersect at x = —1.4, x =—0.5 and
x=0.4.
The solutions of 2x3 +3x2 +1 =1.5 arex=-1.4,
—0.50r 0.4.

(b) Draw the horizontal line y = 2 on the graph of
y =2x> +3x> +1.
The two graphs intersect at x =—1.0 and x = 0.5.
The solutions of 2x3 +3x* +1 =1.5 arex=-1.0
or 0.5.

Quick Practice 3.6 (p. 3.23)

@) 5log, x =8
log, x =1.6
Draw the horizontal line y = 1.6 on the graph of y = log, x.
y
y=log, x
24 y=16
T T T X
g g e e e man e |
1o ]
4]

The two graphs intersect at x = 3.0.
The solution of 5log, X =8 is x=3.0.

2log, x+3 =1
b —
®  2log,x =-2
log, x =-1
Draw the horizontal line y = —1 on the graph of y = log, x.
y
y=log, x
2]
T T T X
ol A e
1o} et
14

The two graphs intersect at x = 0.5.
The solution of 2log, x +3 =1 isx=0.5.

Quick Practice 3.7 (p. 3.30)
Draw the horizontal line y =9 on the graph of y = —2x* — 8x + 3.

8 )
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y=—2x2-8x+3

\ X
The two graphs intersect at x =—3 and x = —1.
For the range —3 < x < —1, the corresponding part of the graph of

y=-2x*—8x + 3 lies above the line y = 9.
The solutions of —2x*> —8x+ 3> 9 are -3 <x <-—1.

Quick Practice 3.8 (p. 3.31)

y
4] e
3 -
H @y=2
/“
X
A i
(b) y=—05

(a) Draw the horizontal line y = 2 on the graph of y = 4~
The two graphs intersect at x = 0.5.
For the range x = 0.5, the corresponding part of the graph of
y = 4*lies on or above the line y = 2.
The solutions of 4*> 2 are x > 0.5.

(b) Draw the horizontal line y = —0.5 on the graph of y = 4*.
The two graphs do not intersect, and the whole graph of
y = 4"lies above the line y = —0.5.
The solutions of 4* > —0.5 are all real values of x.

Quick Practice 3.9 (p. 3.33)
VoY= x*= x5 8x+/10

(@) y=12

(a) Draw the horizontal line y = 12 on the graph of
y=x-x*—8x+10.
The two graphs intersect at x = —2.2, x =—0.3 and x = 3.5.
For the ranges —2.2 < x <—0.3 and x = 3.5, the
corresponding parts of the graph of y = x> — x* — 8x + 10 lie
on or above the line y = 12.
The solutions of x* — x> — 8x + 10 > 12 are
—22<x<-03o0rx23.5.

(b) Draw the horizontal line y = -2 on the graph of
y=x—x*—8x+10.
The two graphs intersect at x = —3 and x = 2.
For the range x > -3, the corresponding part of the graph of
y =x*—x>—8x + 10 lies on or above the line y = -2.
The solutions of x> —x* — 8x + 10 > -2 are x > -3.

Quick Practice 3.10 (p. 3.35)

2sinx+1<0
a .
@) 2sinx<-1
sinx<-0.5
Draw the horizontal line y = —0.5 on the graph of y = sin x.
y
1 =
y=sinx
0.5
T T T T X
0 60°  120° 18'b°\ 240°  300° 7€0°
' y=-05 \/
—1

The two graphs intersect at x = 210° and x = 330°.
For the range 210° < x < 330°, the corresponding part of the
graph of y = sin x lies below the line y = —-0.5.
For 0° < x < 360°, the solutions of 2 sin x + 1 < 0 are
210° < x < 330°.

2sinx+3<5

b .
®) 2sinx<2
sinx <1
Draw the horizontal line y = 1 on the graph of y = sin x.
y
4 Vel
y=sinx
0.5
T T T T X
0 60° 120° 180 240° 300° F60°
-0.5
Ly

The two graphs intersect at x = 90°.
For the ranges 0° < x < 90° and 90° < x < 360°, the
corresponding parts of the graph of y = sin x lie below the
liney=1.
For 0° < x < 360°, the solutions of 2 sin x + 3 < 5 are
0° < x <90° or 90° < x < 360°.

Quick Practice 3.11 (p. 3.44)
The graph of y = cos x — 1 is obtained by translating the graph of
y = cos x downwards by 1 unit.

y

y=cos x

T 1 T 1
e

y=cos x—1

X

€87 )



Quick Practice 3.12 (p. 3.45)
g(x) =x*+3
=(x*-8)+11
=f(x)+11

The graph of y = f(x) is translated upwards by 11 units.

3 More about Graphs of Functions

Quick Practice 3.13 (p. 3.48)
The graph of y = sin (x — 90°) is obtained by translating the graph
of y = sin x rightwards by 90°.
i
y= sin x

A
RARE

Quick Practice 3.14 (p. 3.49)
(a) The vertices of the graphs of y = f(x) and y = g(x) are (-2, 1)
and (2, 4) respectively.

(b) y

4.

(i) The graph of y = f(x)is tranéTafé@upwards by 3 units
and then rightivards by 4 units to give the graph of

y=9().

(ii) g(x() f(x— %) +/3

Quick Pragtice 5(p 3.52)

T T T T X
(P==-3x" %04 1 o 3 4
3(x31-x)+4
=f(-%)

The graph of y = f(x) is reflected about the y-axis to
give the graph of y = g(x).
h(x) =-3x*+x- 4
=-(Bx’- x+4)
=-f()

The graph of y = f(x) is reflected about the x-axis to
give the graph of y = h(x).

(b)

Quick Practice 3.16 (p. 3.55)
(a) The graph of y = f(x) is enlarged along the y-axis to 2 times
the original to give the graph of y = g(x).
g(x) =2f(x)
(b) =2(2x* +2x- 1)
=4x> +4x- 2

Quick Practice 3.17 (p. 3.58)

X
=log —
gx) 85

= X4

040
The graph of y = f(x) is enlarged along the x-axis to
4 times the original to give the graph of y = g(x).

(@

(b) h(x) =log 3x
=f(3Bx)

The graph of y = f(x) is reduced along the x-axis to

1
5 times the original to give the graph of y = h(x).

Quick Practice 3.18 (p. 3.60)
(a) Let the graph of y = h(x) be the graph obtained by enlarging

C83)
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the graph of y = f(x) along the x-axis to 2 times the original.
X

h(x) = 1=
) fEZE

The graph of y = g(x) is obtained by translating the
graph of y = h(x) downwards by 3 units.

9(x) =h(x)- 3

=313

iy 2 O
:DH—- 4H +60-3
P2 1§

1
=—(x-8)’+6-3
4( )

1
=—(x-8)*+3
4( )

(b) The coordinates of the vertex of the graph of y = g(x) are
(8, 3).

Quick Practice 3.19 (p. 3.61)
(a) From the graph,
y-intercept of the graph of y = f(x) is 1,
y-intercept of the graph of y = g(x) is —1
k =1- (-1
=2

(b) The graph of y = g(x) is obtained by translating the graph of
y = f(x) downwards by 2 units and then reflecting about the
y-axis.

gx) =f(x)- 2
=2 -2

Further Practice

Further Practice (p. 3.11)
1. The required graph is:
Y

x
\ e

2. The required graph is:

3. The required graph is:

b
2 /r\l' 8
A X
0 | 2
|
el
| 4
|
I 2
| =-2X +3x+2

Further Practice (p. 3.23)
1. 2sinx =0.5
sinx =0.25

Draw the horizontal line y = 0.25 on the graph of y = sin x.
y
4 y=sinx

0.5

0.5

14

The two graphs intersect at x = 12° and x = 168°.
For 0° < x < 360°, the solutions of 2sin x = 0.5 are
x=12°or 168°.

y. COs 2x+0.6 =0

cos2x =-0.6
Draw the horizontal line y = —0.6 on the graph of y = cos 2x.
y
y = cos 2x

3

X

—0.6

Nob/ i hol ] s
NN

—1]

The two graphs intersect at x = 63°, x = 117°, x = 243°
and x = 297°.

For 0° < x < 360°, the solutions of cos 2x + 0.6 =0 are
x=63° 117°, 243° or 297°.

89)



3% - 0.3 =0
3(3") =0.3

3" =0.1
Draw the horizontal line y = 0.1 on the graph of y = 3".

The two graphs intersect at x =—2.1.
The solution of 3*' = 0.3=01is x=-2.1.

3log, x* +2 =5
3
4. 6log, x =3
3
log, x =0.5
3
Draw the horizontal line y = 0.5 on the graph of

y =log, x

The two graphs intersect at x = 0.6.

2 —
The solution of 310g1 X" +2=5 is x=0.6.
3

Further Practice (p. 3.35)
y

1

0.5+

T T T
0 1 2 3 4
—0.5-]
(@) y=-07

(a) Draw the horizontal line y = —0.7 on the graph of
y=log x.
The two graphs intersect at x = 0.2.
For the range x > 0.2, the corresponding part of the

graph of y = log x lies on or above the line y = -0.7.

The solutions of log x > —0.7 are x > 0.2.

3 More about Graphs of Functions

(b) = log x=-0.4
log x <0.4
Draw the horizontal line y = 0.4 on the graph of
y=log x.

The two graphs intersect at x = 2.5.

For the range 0 < x < 2.5, the corresponding part of the

graph of y = log x lies on or below the line y = 0.4.
The solutions of —log x > —0.4 are 0 < x < 2.5.

x* =16
Draw the horizontal line y = 16 on the graph of y = x°.

The two graphs intersect at x = 2.5.
For the range x > 2.5, the corresponding part of the graph of
y =xlies on or above the line y = 16.

1
The solutions of EXB -5>3 arex>25.

Further Practice (p. 3.62)

1.

€9

(@ (b
The graph of y = cos x + 1 is obtained by translating the
graph of y = cos x upwards by 1 unit.

()
The graph of y = 2cos x is obtained by enlarging the
graph of y = cos x along the y-axis to 2 times the
original.
(9 (i)
The graph of y :cos% is obtained by enlarging the
graph of y = cos x along the x-axis to 2 times the
original.
g(x) =x*-2x+3
@ =(x-1)% +2
=f()+2
The graph of y = f(x) is translated upwards by
2 units to give the graph of y = g(x).
g(x) =x? +2x+1
) =(x+1)*
=(x+2-1)2
=f(x+2)

The graph of y = f(x) is translated leftwards by
2 units to give the graph of y = g(x).
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Alternative Solution

g(x) =x> +2x+1
=(x+1)°
=(-x-1*
=f(-x)

The graph of y = f(x) is reflected about the y-axis
to give the graph of y = g(x).

3. (@) Let the graph of y = h(x) be the graph obtained by
reflecting the graph of y = f(x) about the x-axis.
h(x) =- f(x)
The graph of y = g(x) is obtained by translating the
graph of y = h(x) leftwards by 2 units.
g(x) =h(x+2)
=-f(x+2)
=-{[(x+2)+2]* - 5}
=5- (x+4)’
(b) The coordinates of the vertex of the graph of y = g(x)
are (-4, 5).
Exercise
Exercise 3A (p. 3.16)
Level 1
1. The domain of the function y = —2x + 1 is all real numbers.

The graph of the function has no axis of symmetry. The
function has neither maximum value nor minimum value.

The domain of the function y =- x* - 4x + 5 is all real
numbers.
y=-x"-4x+5

=-(x* +4x)+5

=-(x*+4x+4)+4+5

=-(x+2)°+9

The axis of symmetry is x = —2.
The maximum value of the function is 9.

1 X
The domain of the function y ZH —H is all real numbers.

The graph of the function has no axis of symmetry. The
function has neither maximum value nor minimum value.

The domain of the function y =21log x is all positive real

numbers.
The graph of the function has no axis of symmetry. The
function has neither maximum value nor minimum value.

The domain of the function y = cos x is all real numbers.
The period of the function is 360°. The maximum value and
the minimum value of the function are 1 and —1 respectively.

The domain of the function y = sin 2x is all real numbers.
The period of the function is 180°. The maximum value and
the minimum value of the function are 1 and —1 respectively.

The domain of the function y = —tan x is all real numbers
except 290°, =270°, etc.

The period of the function is 180°. The function has neither
maximum value nor minimum value.

9. (a

0
Whenx=0, y ZE- 4=-4

The y-intercept is —4.

0=2-4
2
When y =0,
4==x
2
x =8

The x-intercept is 8.
(b) The required graph is:
y

o

The required graph is:
4

y=4x+1

X
{9
py

(b) The required graph is:

10. (a) ()

Its axis of symmetry: x = 1
(ii) The coordinates of the vertex: (1, 2)

Coefficient of x*=-1 <0
The graph opens downwards.

(iv) Whenx=0, y =-(0- 1)*> +2 =1
Its y-intercept is 1.

(iii) -

(b) Wheny =0,
0=-(x-1>+2
(x-1* =2

x-1=/2
x:-ﬁ+lor x =42 +1

Its x-intercepts are - \/E +1 and JE +1.
The required graph is:

€9)



-«Ei+1

y=x>+4x+3

1. (a —[x? +2(2)(x) +4]- 1
=(x+2)*-1
(i) Its axis of symmetry: x =2
(ii) The coordinates of the vertex: (-2, —1)
(iii) "~  Coefficient of x*=1> 0
The graph opens upwards.
(iv) Whenx=0, y =0° +4(0)+3 =3
Its y-intercept is 3.
(b) Wheny =0,
0=(x+2)*-1
(x+2)* =1
x+2=H+

x=-3or x=-1
Its x-intercepts are —3 and —1.
The required graph is:
Y

b's
il i)
y=x"+4x+3
I(—2,—L
x=-2 |
|
12. (@) The required graph is:
¥
y=15"
0,1
—
X
0

(b) The required graph is:
y

IS

3 More about Graphs of Functions

13. (a) The required graph is:
Yy

y=logs x

0 (1,0

(b) The required graph is:
1

A

(1,0
X
0
y =log;x
£
Level 2
y
>
y:—%x+2
0 6
y:lx—2
2 3 y=-2
14. (a), (b)
0=-x>+1
15. (@) Wheny =0, =1
x ==+

The x-intercepts are —1 and 1.

(b) The required graph is:
Y/

ARG

10 1

y=-x*+1

16. (@) The required graph is:

C92)
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y 17. (a) The required graph is:
Y

x=2
A
|

X

y=-2x*+14x-25

I
1
I
1
I
1
1
1
1
1
I
1
1
I
I
1
]
1 y=3(x-2)2-12
I

(2, -12)
I (b) The maximum value of the function is —0.5.

(b) The minimum value of the function is —12. 18. (a), (b)

Yy=sty=4&

y=cos @

y=|sing

19. (a), (b)

20. (a) The required graph is:

Y
A
y =log; x
re X
0
y =log; x
5

(b) Yes, the two graphs in (a) show reflectional symmetry
with each other about the x-axis.

21. (@) y =2*

€3)



Exercise 3B (p. 3.24)
Level 1

y=x*+4x+4

(a) Draw the horizontal line y = 0 on the graph of
y=x'+4x+4.
The two graphs intersect at x = —2.0.
The solution of X* + 4x + 4 =0 is x=-2.0.

(b) Draw the horizontal line y = 1 on the graph of
y=x'+4x+4.
The two graphs intersect at x =—3.0 and x = —1.0.
The solutions of X* + 4x + 4 =1 are x =-3.0 or
-1.0.

(@y=7
y=-2x>+5x+3

X

5 i553isiaii i |
2. / ) y=-06 ’\

(a) Draw the horizontal line y = 7 on the graph of
y =-2x> +5x+3.
The two graphs do not intersect.
The equation - 2x? + 5x + 3 =7 has no real
solutions.

(b) Draw the horizontal line yy =- 0.6 on the graph of
y =-2x>+5x+3.
The two graphs intersect at x =—0.6 and x = 3.1.
The solutions of - 2x? +5x +3 =- 0.6 are
x=-0.6 or 3.1.

C9)

3 More about Graphs of Functions

(a) Draw the horizontal line y = 1 on the graph of
y=x+x+1
The two graphs intersect at x =—1.0 and x = 0.0.
The solutions of x* + x* + 1 =1 are x =—1.0 or 0.0.

(b) Draw the horizontal line y = —1.2 on the graph of
y=x+x+1
The two graphs intersect at x =—1.7.
The solution of X} + x> + 1=-1.2 isx=-1.7.

mmssmEmi EuE; £}
y==-x1-2x +x+1y

(a) Draw the horizontal line y = 1 on the graph of
y=-x>-2x+x+1.
The two graphs intersect at x =—-2.4, x = 0.0 and
x=0.4.
The solutions of - x3 - 2x2 + x +1 =1 are
x=-2.4,0.0or 0.4.

5
(b) Draw the horizontal line y =- 5 on the graph of

y=-x>-2x+x+1.
The two graphs intersect at x = 1.2.
5
The solution of - x° - 2x* + x +1 =- E is
x=1.2.
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y
154
10
5_
T e ¢
5. 0 i
(a) Draw the horizontal line y = 3 on the graph of
1 X
y=t2f
020
The two graphs intersect at x = —1.6.
1 X
The solution of H—H =3isx=-1.6.
020
(b) Draw the horizontal line y = 0 on the graph of
1 X
y=i=h
020
The two graphs do not intersect.
H—H =0 has no real solutions.
020
y y=log, x
i (@) y=06
1 ] 1 X
[ SR SRR et SR
(b) y=-05
asmma
—2-
6.
(a) Draw the horizontal line y = 0.6 on the graph of
y =logs x.
The two graphs intersect at x = 1.9.
The solution of log; x = 0.6 is x = 1.9.
(b) Draw the horizontal line y = —0.5 on the graph of
y=logs x.
The two graphs intersect at x = 0.6.
The solution of log; x =—0.5 is x = 0.6.
y
i y = cos x
i \ (@) y=05
|\ T T T T  EFEaEEEad
g 60° Y20° 180° 2407 300° 360°
—0.5+
7. 4 (b) y=-1

(a) Draw the horizontal line y = 0.5 on the graph of
Yy = COS X.

The two graphs intersect at x = 60° and x = 300°.
The solutions of cos x = 0.5 are x = 60° or 300°.

(b) Draw the horizontal line y = —1 on the graph of
Y =COS X.
The two graphs intersect at x = 180°.
The solution of cos x = —1 is x = 180°.

€95 )

10.

(b)y=15

y=sinx

) T T X

T T
60° 120° 180¢ 240° 300° 360°
2 (@) y=-05

(@) sinx +0.5 =0
sinx =-0.5
Draw the horizontal line y = —0.5 on the graph of
y=sinx.
The two graphs intersect at x = 210° and x = 330°.
For 0° < x < 360°, the solutions of
sin x + 0.5 =0 are x = 210° or 330°.

(b) sinx-1.5=0
sin x =1.5
Draw the horizontal line y = 1.5 on the graph of
y=sinx.
The two graphs do not intersect.
For 0° < x < 360°, sin x — 1.5 = 0 has no real
solutions.
4tan3x+1 =0
@ 4tan3x =-1
tan3x =-0.25

(b) Draw the horizontal line y = —0.25 on the graph of
y =tan 3x.
y

y=tan 3x
1

0.5

X

o

sof 1009 150° |
y=/-0.25

-0.54

The two graphs intersect at x = 55°, x = 115° and
x=175°.

For 0° < x < 180°, the solutions of 4 tan 3x + 1 =0
are x = 55°, 115° or 175°.

Level 2

hfgs 0 05

@) 3f(x) =6
f(x) =2
Draw the horizontal line y = 2 on the graph of y = f(x).
The two graphs intersect at x = 0.75.



The solution of 3f(x) =6 is x=0.75.

2f(x)+1=0
®  2fe=-1
f(x) =-0.5
Draw the horizontal line y = —0.5 on the graph of
y=fX).

The two graphs intersect at x =—0.80.
The solution of 2f(x) + 1 =0 is x =-0.80.

4x3 - 8x% +2x+4 =3
2(2x% - 4x* +x+2) =3

2x%- 4x* +x+2 =15
Draw the horizontal line y = 1.5 on the graph of
y=2—4x*+x+2.

y=2x3-4x?+x+2

The two graphs intersect at x =—0.2, x = 0.7 and
x=1.6.

The solutions of 4x*> — 8x* + 2x + 4 =3 are x=-0.2, 0.7
or 1.6.

10sin x- 15cos x =13
12. 5(2sin x- 3cos x) =13
2sin x- 3cosx =2.6

Draw the horizontal line y = 2.6 on the graph of
y=2sinx— 3 cos x.

£ >
A

The two graphs intersect at x = -260°, x =—170°,
x=100° and x = 190°.

For —360° < x < 360°, the solutions of

10 sin x — 15 cos x = 13 are x = —260°, —170°, 100° or
190°.

y=2sin x-3cos x

A

T T T
100° 200° \ 300°

peE0

4x* +4x- 6 =0
4x* +4x- 8+2 =0

4x*> +4x- 8 =-2
Draw the horizontal line y = -2 on the graph of
y=4x"+4x-8.

3 More about Graphs of Functions

y=4x2+4x-8

The two graphs intersect at x =—1.8 and x = 0.8.
The solutions of 4x* + 4x — 6 =0 are x=—1.8 or 0.8.

y=-2x"+3x%

\

3 _ 2 _ 4 _
@) 2x 3x 1=0

- 2x7 +3x% =-1
Draw the horizontal line y = —1 on the graph of
y=-2x>+3x%

The two graphs intersect at x = 1.7.
The solution of 2x° —3x* - 1=0isx=1.7.

4x% - 6x> +1=0
2(-2x* +3x?) =1
- 2x*> +3x° =0.5
Draw the horizontal line y = 0.5 on the graph of

(b)

y=-2x>+3x"

** The two graphs intersect at x =—0.4, x = 0.5 and
x=14.
The solutions of 4x* — 6x*+ 1 =0 are x =—0.4, 0.5
or 1.4.

15, (a) 23X :(23)X
=8*

23x+2 1
®) 2%.2% =12
4.8% =12 (from (a))
8% =3
Draw the horizontal line y = 3 on the graph of y = 8"

€9 )
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¥
aak] B /
2
y=8*
/
T T T X
4 [-ds !0 0.5

The two graphs intersect at x = 0.55.
The solution of 2**? = 12 is x = 0.55.

x>0 5
16. (a) logHEH =log x” - log 100

=5log x- 2

XS
lo =2.5
gHlOOH

b
®) 5log x- 2 =2.5 (from (a))
5log x =4.5
log x =0.9
Draw the horizontal line y = 0.9 on the graph of
y=log x.
¥
1] y=0.9
y=log x
e A e
-1 4
o

The two graphs intersect at x = 8.0.
The solution of log X
e solution o
100

H =2.5isx=8.0.

17. (a) The graphof y = passes through (0, 4).

x*+3
By substituting (0, 4) into y = 3 , we have
X" +
_ k
(0)* +3
k =12
24
2 =6
by x +3
12
2 =3
x"+3
Draw the horizontal line y = 3 on the graph of
12
x*+3
y

The two graphs intersect at x =—1.0 and x = 1.0.

The solutions of =6 are x=-1.0 or 1.0.

x> +3

Exercise 3C (p. 3.36)
Level 1
y

\ 5 y:2x2—4x+‘/
(a)y=7

X
1 | T ¥
1. ST NIAX 1T

(a) Draw the horizontal line y = 7 on the graph of
y=2*—4x+1.
The two graphs intersect at x=—1 and x = 3.
For the ranges x < —1 and x > 3, the corresponding parts
of the graph of y = 2x* — 4x + 1 lie above the line y = 7.
The solutions of 2x* — 4x + 1 > 7 are x < —1 or
x> 3.

(b) Draw the horizontal line y = 1 on the graph of
y=2x*—4x+1.
The two graphs intersect at x =0 and x = 2.
For the range 0 < x < 2, the corresponding part of the
graph of y = 2x* — 4x + 1 lies below the line y = 1.
The solutions of 2x* —4x+ 1< lare 0 <x < 2.

€7 )



(@

(®)

Draw the horizontal line y = —1 on the graph of
y=1-2x"
The two graphs intersect at x=—1 and x = 1.
For the ranges x < —1 or x > 1, the corresponding parts
of the graph of y = 1 — 2x* lie on or below the line
y=-1.

The solutions of 1 —2x* < —larex<—-1orx>1.

Draw the horizontal line y = 0.5 on the graph of

y=1-2x%

The two graphs intersect at x =—0.5 and x = 0.5.

For the range —0.5 < x < 0.5, the corresponding part of

the graph of y = 1 — 2x* lies on or above the liney =0.5. | 5.
The solutions of 1 — 2x*> 0.5 are —=0.5 < x < 0.5.

Y

15

i y=10x)

5 -

I 0 I I I
= 1 2 3

(@

(b)

—5—

—10—

Draw the horizontal line y = 4 on the graph of y = f(x).
The two graphs intersect at x =0, x=1 and x = 3.
For the ranges x < 0 and 1 < x < 3, the corresponding
parts of the graph of y = f(x) lie on or below the line
y=4

The solutions of f(x) <4 arex<0or1<x<3.

Draw the horizontal line y = —4 on the graph of y = f(x).
The two graphs intersect at x = —1.
For the range x > —1, the corresponding part of the
graph of y = f(x) lies on or above the line y = —4.

The solutions of f(x) > —4 are x > —1.

i
/I 1\ T X
1 2 3 \ 4

(&) y="-1 \

€9

3 More about Graphs of Functions

(a) Draw the horizontal line y = —1 on the graph of y = f(x).
The two graphs intersect at x = 3.6.
For the range x > 3.6, the corresponding part of the
graph of y = f(x) lies below the line y =—1.
The solutions of f(x) <—1 are x > 3.6.

(b) Draw the horizontal line y = 2 on the graph of y = f(x).
The two graphs intersect at x=—0.7, x =2 and x = 2.7.
For the ranges x <—0.7 and 2 < x < 2.7, the
corresponding parts of the graph of y = f(x) lie above
the line y = 2.
The solutions of f(x) > 2 are x < —0.7 or
2<x<27.

L

=32 1 2

(b) y=—1

(a) Draw the horizontal line y = 3 on the graph of
y=2*-1.
The two graphs intersect at x = 2.
For the range x < 2, the corresponding part of the graph
of y =2*— 1 lies below the line y = 3.
The solutions of 2* — 1 < 3 are x < 2.

(b) Draw the horizontal line y = —1 on the graph of
y=2"-1.
The two graphs do not intersect, and the whole graph of
y=2"—1 lies above the line y = —1.
The inequality 2* — 1 < —1 has no real solutions.

by y=4

1 T 1 T 1
DL H

(a) Draw the horizontal line y = 21 on the graph of

X

S
y—EZE +5.

The two graphs intersect at x = —4.
For the range x < —4, the corresponding part of the graph

of y ZH%H + 5 lies on or above the line y = 21.
020

N | =

The solutions of H H +5 =21 arex<—4.
020

(b) Draw the horizontal line y = 4 on the graph of
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1 X
y ZH —H +5.
020
The two graphs do not intersect, and the whole graph of

Yy ZH %H + 5 lies above the line y = 4.
020

X

The solutions of H% + 5 >4 are all real values
0

s

of x.

7. Draw the horizontal line y = 0.5 on the graph of y = sin 2x.

= X
o y=cos3

0 | 1 T T
60° 120° 1808 240° 300° 360°

—0.54
y=-0.75

g

X

The two graphs intersect at x = 276°.
For the range 276° < x < 360°, the corresponding part

1_y of the graph of y =cos % lies on or below the line
y=sin2x
S y=05 y=-0.75.
' \ For 0° < x < 360°, the solutions of
T T T T T T > X X
50°  190° 150°/ 200° 250° \ 300° 35p° 4 cos— + 3 <0 are 276° < x < 360°.
~0.5- 2
-1 10. y =28
The two graphs intersect at x = 15°, x = 75°, x = 195° and o it x=—1 and
x=255°. 2 y=2
For the ranges 15° < x < 75° and 195° < x < 255°, the 1.
corresponding parts of the graph of y = sin 2x lie above the IR |76 S tions.
line y = 0.5. -2
For 0° < x < 360°, the solutions of sin 2x > 0.5 are 1]
15° <x <75° or 195°< x < 255°. Leve
1. sinx <-0.5

3. tan x-1<0

tanx <1
Draw the horizontal line y = 1 on the graph of y = tan x.

y
2
y=tanx
4 / / y=1

T T
0 90° 0° 270° F60°

X

The two graphs intersect at x = 45° and x = 225°.
For the ranges 0° < x < 45°, 90° < x < 225° and
270° < x < 360°, the corresponding parts of the graph of
y =tan x lie below the line y = 1.
For 0° < x < 360°, the solutions of tan x — 1 < 0 are
0° < x <45°,90° < x < 225° or 270° < x < 360°.

4cosi+3 <0
2
9. (a)

4cos£ <-3

cosﬁ <-0.75
2

(b) Draw the horizontal line y = —0.75 on the graph of

=cos =
Yy 5

€29)

12.

sinx+2 <1.5
Draw the horizontal line y = 1.5 on the graph of

y=sinx+2.
Y
3] y=sinx+2
2
: y=15
T T T T T T X
0 60° 120° 180° 240° 300° 360°
—1

The two graphs intersect at x = 210° and x = 330°.
For the range 210° < x < 330°, the corresponding part of the
graph of y = sin x + 2 lies on or below the line y = 1.5.
For 0° < x < 360°, the solutions of sin x <-0.5 are
210° < x <330°.

10log x- 3 <0
10log x <3

log x <0.3

Draw the horizontal line y = 0.3 on the graph of y = log x.
y

0.5




The two graphs intersect at x = 2.
For the range 0 < x < 2, the corresponding part of the graph
of y =log x lies on or below the line y = 0.3.

The solutions of 10 log x—3 <0are 0 <x < 2.

y
24
¥ =sin x — cos x
14
(b) y =04
/I T T 2\ T T  EEaA
0 /60° 120° 180Q° 2&) 300° 360°
4 (@) y=-05

13. —2

2sinx- 2cosx+3>2

(@

2(sinx - cosx) >-1
sinx- cosx >-0.5

Draw the horizontal line y = —0.5 on the graph of
y =sin x — cos x.
The two graphs intersect at x = 24° and x = 246°.
For the range 24° < x < 246°, the corresponding part of
the graph of y = sin x — cos x lies above the line
y=-0.5.

For 0° < x < 360°, the solutions of

2sin x — 2cos x + 3 > 2 are 24° < x < 246°.

5cosx >5sinx - 2

(b)

5(sinx - cosx) <2
sinx- cosx <0.4

Draw the horizontal line y = 0.4 on the graph of
y = sin X — COS X.
The two graphs intersect at x = 60° and x = 210°.
For the ranges 0° < x < 60° and 210° < x < 360°, the
corresponding parts of the graph of y = sin x — cos x lie
on or below the line y = 0.4.

For 0° < x < 360°, the solutions of

5cosx =5sin x - 2 are 0° < x < 60° or

210° < x < 360°.

@y=3 |

T T T T X
RIRAN/A

(b) y = —1
14. N/ O

Iy=x3+3x2—1

(a) Draw the horizontal line y = 3 on the graph of
y=x>+3x-1
The two graphs intersect at x = -2 and x = 1.
For the range x > 1, the corresponding part of the graph
of y = x* + 3x* — 1 lies above the line y = 3.
The solutions of x* + 3x* — 1 > 3 are x > 1.

(b) Draw the horizontal line y = —1 on the graph of
y=x+3x-1
The two graphs intersect at x = -3 and x = 0.
When x < -3 and x = 0, the corresponding parts of the

3 More about Graphs of Functions

graph of y = x* + 3x* — 1 lie on or below the line

y=-1
The solutions of x> + 3x* — 1 < -1 are x < -3 or
x=0.
i
8 y=X>—2x+3
&)
(@y=4
E ®)y=2
T ™% T T T i
15. Hottiiy 1 PHEHH D

(a) X2_2X'1<O

x’-2x+3<4
Draw the horizontal line y = 4 on the graph of
y=x*-2x+3.
The two graphs intersect at x = —0.4 and x = 2.4.
For the range —0.4 < x < 2.4, the corresponding part of
the graph of y = x* — 2x + 3 lies below the line y = 4.
The solutions of x> —2x — 1 < 0 are —0.4 < x < 2.4.

®) x> -2x+1>0
x*-2x+3>2
Draw the horizontal line y = 2 on the graph of
y=x"—-2x+3.
The two graphs intersect at x = 1.
For the ranges x < 1 and x > 1, the corresponding parts
of the graph of y = x* — 2x + 3 lie above the line y = 2.

The solutions of x> — 2x + 1 > 0 are all real values
of x except x = 1.

16. (a) Draw the horizontal line y = 6 on the graph of
y=x-2x-2.

The two graphs intersect at x = 2.3.

For the range x > 2.3, the corresponding part of the

graph of y = x* — 2x — 2 lies on or above the line y = 6.
The solutions of x* —2x — 2 > 6 are x > 2.3.

X 22(x+4)
x> 22x+8

x*-2x-226
From (a), the solutions of x> — 2x —2 > 6 are x > 2.3.
The smallest integer x that satisfies x> > 2(x + 4) is 3.

(b)

C100)»
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X 2
17. (a) 2 - x"-4=<0

(b)

18. (a)

2* - x? <4

Draw the horizontal line y = 4 on the graph of

y=2"=x.
y
8-
6_
y= ox_ x2
4 4=4
2_
T T T X

oo Pl dNE LA g

The two graphs intersect at x = 4.7.
For the range x < 4.7, the corresponding part of the
graph of y = 2* — x* lies on or below the line y = 4.

Fro

The solutions of 2 — x> — 4 >0 are x < 4.7.

2% +4x <(x+2)°
2% +4x <x’ +4x+4

2%- x*-4<0
m (a), the solutions of 2*— x* — 4 < 0 are x < 4.7.

The largest integer x that satisfies
2+ 4x < (x + 2)* is 4.

The y-intercept of the graph of y = x*— 6x + ¢ is 3.
By substituting (0, 3) into y = x> — 6x + ¢, we have

Draw the horizontal line y = 3 on the graph of

The two graphs intersect at x = 0 and x = 6.
For the range 0 < x < 6, the corresponding part of
the graph of y = x> — 6x + 3 lies on or below the

The solutions of x> —6x <0 are 0 < x <6.

3=0%-6(0)+c
c =3
y
4\ (b)) y=3 /
2_ /
IL S
N (b)) y = —2
4
—6 y=x2—6x+c
(i) XQ'GXSO
x?-6x+3<3
y=x*—6x+3.
liney =3.
- x? +6x <5
(i)

x?-6x=-5

x> - 6x+3=-2
Draw the horizontal line y = —2 on the graph of
y=x*—6x+3.

19.

20.

The two graphs intersect at x = 1 and x = 5.
For the ranges x <1 and x > 5, the corresponding
parts of the graph of y = x* — 6x + 3 lie on or above

the line y = —2.
The solutions of —x* + 6x < 5 are x <1 or
x2=5.
@) log (1000x?) =log x* + log 1000
=2logx+3
log (1000x%) > 2
(b) 2logx+3>2
2logx>-1
logx >-0.5
Draw the horizontal line y = —0.5 on the graph of
y=log x.
y
y=log x
X
Pl g
i / y=-05
—o]
The two graphs intersect at x = 0.3.
For the range x > 0.3, the corresponding part of the
graph of y = log x lies above the line y =—-0.5.
The solutions of log (1000x?) > 2 are x > 0.3.
-3<f(x)<-1
-2< f(x)+1<0
Yy =g
1
9 e
—1]
[ \J y=-2

Draw the horizontal line y = 0 on the graph of y = f(x) + 1.
The two graphs intersect at x =0, x=0.5 and x = 2.3.
For the ranges x < 0 and 0.5 < x < 2.3, the corresponding
parts of the graph of y = f(x) + 1 lie below the line y = 0.
The solutions of f(x) <—1 arex <0 or 0.5 <x < 2.3.
Draw the horizontal line y = -2 on the graph of y = f(x) + 1.
The two graphs intersect at x =—0.3, x=1.5and x = 2.
For the ranges —0.3 < x < 1.5 or x > 2, the corresponding
parts of the graph of y = f(x) + 1 lie above the line y = -2.
The solutions of f(x) > -3 are 0.3 <x <1.50r x > 2.
The solutions of —3 < f(x) <—1 are 0.3 <x <0,
0.5<x<150r2<x<23.

Exercise 3D (p. 3.63)
Level 1

1.

C101)

(a) The graph of y = f(x) is translated downwards by 1 unit.
(b) The graph of y = f(x) is translated rightwards by 3 units.
(c) The graph of y = f(x) is reflected about the y-axis.



(d) The graph of y = f(x) is enlarged along the y-axis to 3
times the original.

1
(e) The graph of y = f(x) is reduced along the y-axis to 5

times the original.

3 More about Graphs of Functions

1
(f) The graph of y = f(x) is reduced along the x-axis to E

times the original.

2. The graph of y = f(x) is translated rightwards by 5
units.

3. Thegraphof y = f(x) is reflected about the x-axis.
4. The graphof y = f(x) is reflected about the y-axis.

5. The graph of y = f(Xx) is translated upwards by 1 unit.

6. . The graph of y = g(x) is obtained by translating the
graph of y = x* — 1 upwards by 4 units.
gx) =x>-1+4

=x?+3

7. 7 The graph of y = g(x) is obtained by translating the
graph of y = x* — 1 leftwards by 4 units.
g(x) =(x+4)* -1
=x>+8x+16-1

=x>+8x+15

8. . The graph of y = g(x) is obtained by reflecting the graph
of y = x* — 1 about the x-axis.
g(x) =-(x*-1

=- x2 +1

9. . The graph of y = g(x) is obtained by enlarging the graph
of y = x* — 1 along the y-axis to 4 times the original.

g(x) =4(x* - 1)

=4x? - 4
10. (a) X 0 1 2 3 4
fx) —4 -3 0 2 3
gx) | -1 0 3 5 6
(b) X 0 1 2 3 4
fx) -4 -3 0 2 3
hx) | -16 | =12 0 8 12
11. (a) X -2 -1 0 1 2
fx) 10 6 2 -1 =5
gx) | -0 | 6 | =2 1 5
(b X -2 -1 0 1 2
)
fx) 10 6 2 -1 =5
h(x) =5 -1 2 6 10
12. (@) " The graph of y = g(x) is obtained by translating the

graph of y = f(x) downwards by 2 units.
gx)=fx)- 2

C102)»
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(b)
13. (@) The graph of y = g(x) is obtained by reflecting the
graph of y = tan x about the y-axis.
g(x) =tan(- x)
y
y =|tan x
2
y={9(0
14
T T X
188 —90° 90°  f80°
1
+a ]
(b)
14. (a) The graphof y =3x? - 4x + 2 is translated

downwards by 3 units to give the graph of y = g(x).

g(x) =(3x%> - 4x+2)- 3
=3x?-4x-1

()

15. (a) The graphof y =27 is enlarged along the y-axis to

5 times the original to give the graph of y = g(x).

(b) g =5(2%)

g(x) =(3"*
:34x
=f(4x)

16. (a)

1
(b) The graph of y = f(x) is reduced along the x-axis to Z
times the original to give the graph of y = g(x).

Level 2

g(x) =x" +4x+2
=(x* +4x- 2)+4
=f(x)+4

The graph of y = f(x) is translated upwards by 4 units to
give the graph of y = g(x).

17.

g(x) =x? +10x + 25

18.
=(x+5)?
=f(x+5)
The graph of y = f(x) is translated leftwards by 5 units
to give the graph of y = g(x).
19. 9(x) =5"

=f(x
The graph of y = f(x) is reflected about the y-axis to
give the graph of y = g(x).

20. g(x) =log3x
=f3x)
The graph of y = f(x) is reduced along the x-axis to

1
E times the original to give the graph of y = g(x).
g(x) =sin x
0 nxpd
21 =sin D2H—H[|
‘ 0020
X
= 1]
020
The graph of y = f(x) is enlarged along the x-axis to
2 times the original to give the graph of y = g(x).

1 1
22, Let f(x) =x>-1, g(x) :EXZ -~ and

h(x) =(x-1D?*-1.

900 =2x* - =
@ :%(x2 - 1)
=21

The graph of y = g(x) is obtained by reducing the
1
graph of y = f(x) along the y-axis to 5 times the
original.
— (- 12 -
=f(x-D

The graph of y = h(x) is obtained by translating the
graph of y = f(x) rightwards by 1 unit.
y

y=x*-1
}’:lxz—% /
X
B 0 1 2
L]
N2
y=(x-1)?-1

f(x) =x*- 2x
=x(x- 2)

23. (a)
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g(x) =x> - 8x+15

=(x-3)(x-5)

3 More about Graphs of Functions

g(x) =(x- 3)(x- 5)
®) =(x- 3)[(x- 3)- 2]
=f(x- 3)

The graph of y = f(x) is translated rightwards by
3 units to give the graph of y = g(x).

g(x) =-3""+6
24. =3(-3)+3(2)
=3(-3"+2)
=3f(x)
The graph of y = f(x) is enlarged along the y-axis to 3

times the original to give the graph of y = g(x).
Alternative Solution

g(x) =-3""+6
=(-3"1+2)+4
=f(x+1)+4

The graph of y = f(x) is translated leftwards by 1 unit
and then upwards by 4 units to give the graph of

y=9().
25. (@) - The vertices of the graphs of y =x> - 2x+5
and y =g(x) are (1, 4) and (5, 0) respectively.
The graph of y =x? - 2x + 5 is translated

rightwards by 4 units and then downwards by
4 units to give the graph of y =g(x) .

(b) Let the graph of y = h(x) be the graph obtained by
translating the graph of y =x? - 2x + 5 rightwards
by 4 units.
h(x) =(x- 4)* - 2(x- 4)+5
=x>-8x+16- 2x+8+5

=x’-10x+29
The graph of y = g(x) is obtained by translating the
graph of y = h(x) downwards by 4 units.

g(x) =h(x)- 4
=x*-10x+29- 4
=x*>-10x +25

26. (@) The graph of y = f(x) is translated leftwards by 3 units,
and then enlarged along the y-axis to 2 times the
original to give the graph of y = g(x).
(b) The graph of y = f(x) is reflected about the y-axis, and

1
then reduced along the x-axis to 5 times the original

to give the graph of y = g(x).

h(x) =4x* +4x +2

27. =2(2x* +2x +1)
=2[2(- x)* - 2(- x) +1]
=2f(-x)

The graph of y = f(x) is reflected about the y-axis, and
then enlarged along the y-axis to 2 times the original to
give the graph of y = h(x).
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28. (a) Let C be the image of A when the graph of
, . 1
Y = f(x) isreduced along the y-axis to > times
the original.
-4
c =lla, 224
0 270

=(4,-2)
B is obtained by translating C leftwards by
1 unit.
B =4-1,-2)

=G, -2)

(b) -~ A(4,-4)is a point on the graph of y = f(x).
. By substituting (4, —-4) into y =a(x- 3)>- 5

, we have
-4=a(4-3)-5
-4 =a-5
a=1

Let the graph of ¥ =h(Xx) be the graph obtained by
reducing the graph of y = f(x) along the y-

1
axis to E times the original.
1
h(x) == f(x)
2
The graph of y =g (x) is obtained by
translating the graph of y =h(x) leftwards by 1
unit.

g(x) =h(x +1)
:% f(x+1)

:%{[(m)- 3 - 5
1

25[(X- 2)* - 5]
Lo .5
_2(X 2) 2

29. (a) Let the graph of y = h(x) be the graph obtained by
enlarging the graph of y = (x — 3)* — 5 along the y-axis
to 2 times the original.

h(x) =2[(x- 3)° - 5]
=2(x-3)*-10
The graph of y = g(x) is obtained by translating the
graph of y = h(x) leftwards by 1 unit.
g(x) =h(x+1)
=2[(x+1)- 3]*-10
=2(x-2)*-10

(b) The coordinates of the vertex of the graph of y = g(x)
are (2, —10).

30. (a) Let the graph of y = h(x) be the graph obtained by

reducing the graph of y = cos x along the x-axis to

1
— times the original.
3

h(x) = cos 3x
The graph of y = g(x) is obtained by translating the
graph of y = h(x) upwards by 3 units.
g(x) =h(x)+3
=cos 3x +3

(b) From (a), g(x) =cos3x +3
' -1 <cos 3x =1

The maximum value of g(x) =1+3

The minimum value of g(x) =~ 1+3

The period of cos x is 360°.

The period of the function g (Xx)
_360°
3
~120°

31. (a) The graph of y = cos x + sin x is reflected about the x-

axis, and then reduced along the y-axis to
1
5 times the original to give the graph of y = g(x).
(b) Let the graph of y = h(x) be the graph obtained by
reflecting the graph of y = cos x + sin x about the x-axis.
h(x) =-(cos x +sin x)

=- cos x - sin x

The graph of y = g(x) is obtained by reducing the
1

graph of y = h(x) along the y-axis to E times the

original.

9(x) =§h(x)

1
:E (- cos x - sin x)

=- 0.5cos x- 0.5sin x

g(x) =-(x-D* +4

=f(x-D
The graph of y = f(x) is translated rightwards by
1 unit to give the graph of y =g(x) .

32. (a)

(b) From (a), the graph of y = g(x) is obtained by
translating the graph of y = f(x) rightwards by 1 unit.

3
The graph of y :5 g(x) is obtained by enlarging

3
the graph of y = g(x) along the y-axis to E times the

original.
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y=3g00
I\
\
X

o
N,
IS

v = 9(x)

3 More about Graphs of Functions

g(x) =x> +2x
=(- %)~ 2(-x)
=f(x)
The graph of y = f(x) is reflected about the y-axis
to give the graph of y = g(x).
Alternative Solution
g(x) =x* +2x
=x(x+2)
=(x+2)[(x+2)- 2]
=(x+2)?- 2(x+2)
=f(x+2)

The graph of y = f(x) is translated leftwards by
2 units to give the graph of y = g(x).

33. (a)

(b) From (a), the graph of y = g(x) is obtained by reflecting
the graph of y = f(x) about the y-axis.

X
The graph of y = QE EE is obtained by enlarging the

graph of y = g(x) along the x-axis to 2 times the
original.

y=gt0 ¥
1 1
1 1
1 1
1 41
' 1 y=f(x)
' 1
v
\

v T x
\I\/4

Check Yourself (p. 3.72)

L (@ Vv (b) x
(9 x @ v

2.

The quadratic graph y = x* — 2x — 8 has reflectional

symmetry about the line x = 1. It opens upwards and the
coordinates of its vertex are (1, =9).

3. In the figure, graph I may represent the graph of y = 2* and
graph IV may represent the graph of y :10gl X,
2

(@) y=1 |
T T / X
e

H (b)y=-5

—6 \/
y=x2—3x—4

@) x?-3x-5=0
x*-3x-4=1

Draw the horizontal line y = 1 on the graph of
y=x"-3x-4.

The two graphs intersect at x = —1.2 and x = 4.2.
The solutions of x¥* —3x —5=0are x =—1.2 or

C106)»
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T
x*-3x<-1
x*-3x-4<-5
Draw the horizontal line y = -5 on the graph of
y=x'-3x-4.
The two graphs intersect at x = 0.4 and x = 2.6.

For the range 0.4 < x < 2.6, the corresponding part of
the graph of y = x> — 3x — 4 lies below the line y = —5.

The solutions of x? - 3x < -1 are0.4<x<

(b)

2.6.
5. (@ " The graph of y = g(x) is obtained by translating the
graph of y =x> +2x? - 2 downwards by 2
units.

gx) =(x*+2x>-2)-2

=x"+2x>-4

(b) ' The graph of y = g(x) is obtained by reflecting the
graph of y =x® +2x? - 2 about the x-axis.
g(x) =-(x* +2x* - 2)

=- x*>-2x*+2

(c) ' The graph of y = g(x) is obtained by reducing the
graph of y =x® +2x? - 2 along the x-axis to
half of the original.

g(x) =(2x)° +2(2x)> - 2

=8x>+8x%- 2

g(x) =2(sinx +1)
6. @ =2sinx + 2
=f(x)+2
The graph of y = f(x) is translated upwards by
2 units to give the graph of y = g(x).

X
h(x) =sin—
() ;

® =1l
21 210

1 0x
=L X}

2027
The graph of y = f(x) is reduced along the y-axis to
to half of the original, and then enlarged along the
x-axis to 2 times the original to give the graph of

y = h(x).

Revision Exercise 3 (p. 3.73)
Level 1
1. (@) Whenx=0,
y =-2(0)+3 =3

The y-intercept is 3.

Wheny =0,
0=-2x+3
- 3=-2x
3
X =—
2

The x-intercept is E .
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(b) Whenx=0,
y =(0)* - 6(0) +5 =5
The y-intercept is 5.
Wheny =0,
0=x’-6x+5
0 =(x-D(x-5)
x =1 or x =5
The x-intercepts are 1 and 5.

(c) Whenx=0,
y=2°=1
The y-intercept is 1.
The graph of y =2* lies above the x-axis.
The graph does not have x-intercepts.

(d) v The graphof ¥ =log, X lies on the right-hand
side of the y-axis.
. The graph does not have y-intercepts.
When y =0,

0 =log, x
x =3°
=1

The x-intercept is 1.

For the graph of y =(x- 3)? - 2,
the axis of symmetry: x =3
the coordinates of the vertex: (3, —2)
When x=0,
y=(0-3)7°-2=7
The y-intercept is 7.
When y =0,
0=(x-3)>2-2
x-3= J_r\/E
x =3- \/E or x =3+\/E
The x-intercepts are 3 - \/E and 3 + \/E .
The required graph is:

=

t X
o 3-2 : 3+42

i y=(x-37-2

)

3,-2)

For the graph of y :%- Hx— %H ,
I 0

1
the axis of symmetry: x :E

) H 1 ZSH
the coordinates of the vertex: U —, —
02 471
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N
When x =0,

2
y:é-HO-lE :E-l:S

4 2
The y-intercept is 6.
When y =0,

x=-2 or x=3

The x-intercepts are —2 and 3.
The required graph is:

y
=x2+3x-4

ittt 10
(@)y=6

LN T P EETY SRR o
E=s =
(b)y=-1
4.

(a) Draw the horizontal line y = 6 on the graph of
y=x*+3x-4.
The two graphs intersect at x =—5.0 and x = 2.0.
The solutions of x* + 3x —4 =6 are x=-5.0 or
x=2.0.

(b) Draw the horizontal line y = —1 on the graph of
y=x"+3x-4.
The two graphs intersect at x =—3.8 and x = 0.8.
The solutions of x* + 3x — 4 =—-1 are x=-3.8 or
x=0.8.

Y y=x3—3x2+2x+1

7/0 EEEFIEEEE)
an S
5. (b)y=—14




(@) Draw the horizontal line y = 1 on the graph of
y =x-3x> +2x+1.
The two graphs intersect at x = 0.0, x = 1.0 and
x=2.0.
The solutions of x3 - 3x% +2x +1 =]l arex=

0.0,
x=1.0o0orx=2.0.

(b) Draw the horizontal line y = —1.4 on the graph of
y=x>-3x"+2x+1.
The two graphs intersect at x =—0.6.

The solution of x% - 3x2 +2x +1 =-1.4isx
=-0.6.
y
(b)y=0 | i
o A9 1 2
=2
(@)y=-2
—4— e
_6_

(@) Draw the horizontal line y = —2 on the graph of

y =-3".
The two graphs intersect at x = 0.6.
The solution of - 3* =-2 isx=0.6.

(b) Draw the horizontal line y = 0 on the graph of
y =-3%.
The two graphs do not intersect.
- 3% =0 has no real solutions.

y=sin2x

B /A e
e AL

0 90° 180° 27p° 360°

(@) y=-15

(@) Draw the horizontal line y = —1.5 on the graph of
y = sin 2x.
The two graphs do not intersect.
For 0° < x £360°, sin 2x = —1.5 has no real
solutions.

(b) Draw the horizontal line y = 0.5 on the graph of
y =sin 2x.
** The two graphs intersect at x = 18°, x = 72°,
x =198° and x = 252°.
For 0° < x <360°, the solutions of sin 2x = 0.5 are
x =18° x="72° x=198° or x = 252°.
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3 More about Graphs of Functions

_37
@y= —&V_
(b) y=—-45

y=3x2+4x-3

(a) Draw the horizontal line y = —3.5 on the graph of

y =3x> +4x- 3.

The two graphs intersect at x =—1.2 and x =—0.1.

For the range —1.2 < x < —0.1, the corresponding part of

the graph of y =3x? + 4x - 3 lies below the line

y=-3.5.
The solutions of 3x2 +4x - 3 < -3.5 are
-1.2<x<-0.1.

(b) Draw the horizontal line y = —4.5 on the graph of
y =3x% +4x- 3.
The two graphs do not intersect, and the whole graph of
y =3x? + 4x - 3 lies above the line y = —4.5.
The solutions of 3x2 + 4x - 3 > - 4.5 are
all real values of x.

@y=7 |

I ®) y=-3
N

/ T y=x8—x2—4x+1

(a) Draw the horizontal line y = 7 on the graph of
y =x>- x*- 4x +1.
The two graphs intersect at x = 3.
For the range x > 3, the corresponding part of the graph
of y =x®- x? - 4x +1 lies on or above the line y
=7.
The solutions of x> - x2 - 4x +1 >7 are
x=3.

(b) Draw the horizontal line y = —3 on the graph of
y =x>- x> - 4x +1.
The two graphs intersect at x=—-2,x =1 and x = 2.
Fortheranges x <-2 and 1 <x <2, the
corresponding parts of the graph of
y =x%- x* - 4x +1 lie on or below the line y
=-3.
The solutions of x> - x? - 4x +1 <- 3are
x=-2ol=s<x=<2.
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 AmkAMal
e (@ y=10

0. 9 1 2 3 4

(a) Draw the horizontal line y = 10 on the graph of
y=3+1
The two graphs intersect at x = 2.
For the range x > 2, the corresponding part of the graph
of y =3% +1 lies above the line y = 10.

The solutions of 3* +1 > 10 arex > 2.

(b) Draw the horizontal line y = 2 on the graph of
y=3+1
The two graphs intersect at x = 0.
For the range x < 0, the corresponding part of the graph
of y =3 +1 lies below the line y = 2.

The solutions of 3% +1 < 2 are x < 0.

| || b)y=3
y=tanx

o

T T
90° 80° 270° 360°

—o
11.

(a) Draw the horizontal line y = —1 on the graph of

y=tanx.
The two graphs intersect at x = 135° and x = 315°.
For the ranges 90° < x < 135° and 270° < x < 315°, the
corresponding parts of the graph of y = tan x lie on or
below the line y = —1.

For 0° <x <360° , the solutions of

tanx <-1 are

90° < x <135° or 270° < x <315°.

(b) Draw the horizontal line y = 3 on the graph of y = tan x.
The two graphs intersect at x = 72° and x = 252°.
For the ranges 72° <x < 90° and
252° <x < 270°, the corresponding parts of the
graph of y = tan x lie on or above the line y = 3.
For 0° <x <360° , the solutions of tan x > 3
are
72° <x <90° or 252° <x <270°.

12. (a) The graph of ¥y = f (x) is translated leftwards by
1 unit to give the graph of y = g(x).
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(b) The graph of ¥ = f (x) is translated downwards by 13.

1 unit to give the graph of y = g(x).
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14.

15.

16.

17.

18.

(b)

®)

(@

) -

) -

19.

3 More about Graphs of Functions

The graph of y = f (x) is reflected about the y-axis
to give the graph of y = g(x).

The graph of ¥ = f (x) is reflected about the x-axis
to give the graph of y = g(x).

The graph of y = f (x) is enlarged along the x-axis
to 2 times the original to give the graph of y = g(x).

The graph of ¥ = f (x) is enlarged along the y-axis
to 2 times the original to give the graph of y = g(x).

The graph of y = f (x) is reduced along the x-axis

1
to 5 times the original to give the graph of y = g(x).

The graph of ¥ = f (x) is reduced along the y-axis

1
to E times the original to give the graph of y = g(x).

The graph of y =g(Xx) is obtained by
translating the graph of y =x> upwards by 4
units.

gx) =x*+4

The graph of y =g(Xx) is obtained by
translating the graph of y =x> rightwards by 4

units.
gx) =(x- 4°

The graph of y =g(x) is obtained by
reflecting the graph of yy =x* about the y-axis.
g(x) = x)?

The graph of y =g(x) is obtained by
enlarging the graph of y =x> along the y-axis
to 2 times the original.

gx) =2x>

The graph of y =g (x) is obtained by reducing

1
the graph of y =x> along the x-axis to 5

times the original.
gx) =(2x)?

The graph of y =g(Xx) is obtained by
enlarging the graph of y =x> along the x-axis
to 2 times the original.
3
gGo =120
020

From the table, we can observe that r(k) = h(k) + 9,
where k=-2,-1, 0, 1 and 2.

The graph of y = r(x) is obtained by translating the
graph of y = h(x) upwards by 9 units.
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20.

21.

22,

23.

The graph of y = g(x) is obtained by translating the
graph of y =- x? + 2 leftwards by 2 units.

g(x) =- (x+2)> +2 (or

g(x) =-x?-4x-2)

graph of ¥ =log; X about the x-axis.
g(x) =-log; x

(@) The graph of y = f(x) - 2 is obtained by
translating  the graph of y = f(x) downwards by 2
units.

(b) The graph of ¥y = f(x + 2) is obtained by
translating  the graph of ¥ = f(x) leftwards by 2
units.

y

y="f(x+2J]

cos2x = COSE% (4x)é|

The graph of y = cos 2x is obtained by enlarging the

graph of y = cos 4x along the x-axis to 2 times the

original.
y
y = cos 4x

AVEN
W

y=cos 2x

Level 2

24,

tan x+0.9 =0

tan x =-0.9
Draw the horizontal line y = —0.9 on the graph of y = tan x.

y=tanx

X

T T T T
0 60° 12()0%00 240° 300°ﬁ0°

R y=-09

_2 -
** The two graphs intersect at x = 138° and x = 318°.
For 0° <x =<360° , the solutions of tan x + 0.9 =

are
x =138°or x = 318°.

The graph of y =g(x) is obtained by reflecting the

0
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5f(x)- 4=0
2 5f(0 =4
f(x) =0.8

Draw the horizontal line y = 0.8 on the graph of y = f(x).

¥
\2‘ y=1x)

A

—4

The two graphs intersect at x = 0.6 and x = 1.7.
The solutions of 5f(x) —4=0are x=0.6 or x = 1.7.
26. 5x°> +3x- 8 =0
5x° +3x- 6 =2
Draw the horizontal line y = 2 on the graph of
y =5x”> +3x- 6.

y=5x2+3x-6 Y

i

The two graphs intersect at x =—1.6 and x = 1.0.
The solutions of 5x2 +3x- 8 =0 arex=-1.6or
x=1.0.

27. 4cosx<l1

cos x<0.25
Draw the horizontal line y = 0.25 on the graph of y = cos x.

The two graphs intersect at x = 78° and x = 282°.
For the range 78° < x < 282°, the corresponding part of the
graph of y = cos x lies below the line y = 0.25.
For 0° <x <360° , the solutions of 4cos x < 1 are
78° < x <282°.

3 More about Graphs of Functions
S5log, x<3
28. 4
log, x<0.6
4
Draw the horizontal line y = 0.6 on the graph of

y =log, x

y
3
y=log,x
2_ a1
3
y=06
T \ T T X
0 05 1 15 2
raxian

The two graphs intersect at x =0.85.
For the range x > 0.85, the corresponding part of the

graph of Y :10g§ X Jies below the line y = 0.6.
4

The solutions of SIOg% x<3 are x > 0.85.
29, 2x°- x-3>0
2x° - x-2>1
Draw the horizontal line y = 1 on the graph of
y=2¢-x-2.
y

y=2x2—x—2
The two graphs intersect at x =—1 and x = 1.5.
For the ranges x < —1 and x > 1.5, the corresponding parts of
the graph of y = 2x* — x — 2 lie above the line y = 1.
The solutions of 2x* —x—3 >0 are x <—1 orx > 1.5.

y
: y=sin (x+ 45°) @y=1

7

0.5+
T T T T X
0 90° 180° 270°/ 360°
—0.5
+ (b)y=—1

30.

(a) Draw the horizontal line y = 1 on the graph of
y = sin(x +45°).
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(b)

The two graphs intersect at x = 45°.
When x = 45°, the corresponding part of the graph of
y = sin(x + 45°) lies on the line y = 1.

For 0° <x =<360° , the solution of

sin(x + 45°) =1 isx =45°.

Draw the horizontal line y = —1 on the graph of

y = sin(x + 45°).

The two graphs intersect at x = 225°.

For the ranges 0° <x < 225° and

225° < x <360° , the corresponding parts of the

graph of y = sin(x + 45°) lie above the line y =
For 0° <x <360° , the solutions of sm(x + 45°)
>-lare 0° <x < 225°
or 225° < x <360° , i.e. all real values of x

except x =225°

Voy=X_oxay

H @y=1

HEi e

31.

el

(@

(b)

(b) y=-1
4

X

Z_-2x?>0

4
X o ox*e1>1
2

Draw the horizontal line y = 1 on the graph of
4

X 2
=—=- 2x"+1.
Y 2

The two graphs intersect at x=—2,x =0 and x = 2.
For theranges x <-2, x =0 and x =2, the

corresponding parts of the graph of
4
X
y :? - 2x* +1 lies on or above the line y = 1.

4
X
The solutions of 7— 2x% >0 are x <-2,

x=0or x=2.

4
X

Z_-2x"+2<0
2

4
X ox*+1<-1
2

Draw the horizontal line y = —1 on the graph of
4
X
y =—-2x"+1.
2
The two graphs intersect at x =—1.4 and x = 1.4.
4

X
The whole graph of y :7 - 2x? +1 lies on or

above the line y = —1.
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g(x) =(x +3)’
32. =x* +6x+9
=(x> +6x+10)- 1
=f(0)-1
The graph of y = f(x) is translated downwards by
1 unit to give the graph of y = g(x).

g(x) =cos x - sin’x - x*

33. .
=-(sin’x - cos x + x?)

=-f(x)
The graph of y = f(x) is reflected about the x-axis to
give the graph of y = g(x).

g(x) =log,x”

34. _
=2log,x
=2f(x)
The graph of y = f(x) is enlarged along the y-axis to
2 times the original to give the graph of y = g(x).
35. @) () f(x) =(x- D(x* +2x+1)

=(x- D(x+1)?

g(x) =x*- 2x?
=x*(x- 2)

g(x) =x*(x- 2)
@) =[(x- 1)- 1][(x- 1) +1
=f(x-1
The graph of y = f(x) is translated rightwards
by 1 unit to give the graph of y = g(x).

(b) From (a)(ii), the graph of y = g(x) is obtained by
translating the graph of y = f(x) rightwards by 1 unit.
The graph of y = g(2x) is obtained by reducing the
1
graph of y = g(x) along the x-axis to 5 times the

original.

36. (a) Let the graph of y = f(x) be the graph obtained by
reducing the graph of y =2(x +6)> + k along the
y-axis to half of the original.

F(x) :é[z(x+6)2 +k]

k
=(x+6)> +—
(x+6)" +2

The graph of y = g(x) is obtained by translating the

graph of y = f(x) leftwards by 2 units.

3 More about Graphs of Functions

g(x) =f(x+2)
— 2 2 E
=[(x+2)" +6] +2

k
=(x+8)" +—
(x+8) >
The vertex of the graph of y = g(x) is
0- 8. %0
a 20

h=:8

_3=k
2
k=-6

(b) From (a), we have

_ ., -6
900 =(x+8)” + =

=(x+8)°-3

37. (@) Let the graph of y = p(x) be the graph obtained by
reflecting the graph of y = f(x) about the x-axis.

p(x) =- f(x)

The graph of y = g(x) is obtained by translating the

graph of y = p(x) downwards by 3 units.

g(x) =p(x)- 3
=-f(®)-3
=-(x+2x* +3x+4)- 3
=-x’-2x*-3x-7

k =

N

(b) Let the graph of y = p(x) be the graph obtained by
translating the graph of y = f(x) downwards by
3 units.
p(x)=f(x)-3
Let the graph of y = q(x) be the graph obtained by
reflecting the graph of y = p(x) about the x-axis.

q(x) == p(x)
=-[f(x)- 3]
=-[(x® +2x* +3x+4)- 3]
=-x’-2x*-3x-1
#9(x)

Mary’s claim is incorrect.

38. (a) Let f(x) =log, x and the graphof y =h(x)
be the graph obtained by enlarging the graph of
¥y = f(x) along the x-axis to 4 times the original.
X
hex = 121
040

The graph of y = g(x) is obtained by translating the
graph of y = h(x) downwards by 2 units.
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g(x) =h(x)- 2
=120 2
fl]4|]
- X
—log44 2

X
g(x) —10g4z -2
(b) =log, x- log,4- 2
=log,x-1- 2
=log,x- 3
The graph of y = g(x) can be obtained by

translating the graph of y =log, x downwards

by 3 units.
Peter’s claim is correct.

39. (@ Wheny=0,
X' - 8x+15=0
(x- 3)(x- 5) =0
x=3 or x=5
The x-intercepts of the graph of y = f(x) are 3
and 5.

(b) (i) The graph of y = f(x) is translated rightwards by
1 unit to give the graph of y = g(x).
(ii) The graph of y = g(x) is reflected about the y-axis
to give the graph of y = h(x).

h(x) =0
©  gC-xn=0
f(-x-1) =0
From (a), the x-intercepts of the graph of y = f(x) are 3
and 5.
-x-1=3 or -x-1=5
X =- or X =-

40. (@) Let f(x) =-x*>+3x?- x+1 and
g(x) =x*> +3x*> +x.
g(x) =x> +3x* +x
=(x*+3x> +x+1)-1
=[- (- 0 +3(- )7 - -0 +11- 1
=ft-x-1
The graph of y =- x®> +3x% - x+1 is

reflected about the y-axis, and then translated
downwards by 1 unit to give the graph of

y =x>+3x* +x.

(b) The required graph is:
y

y=x3+3x2+x+1 1
7N

X
X
+3x2— x+1

Multiple Choice Questions (p. 3.80)
1. Answer: B
Both the functions y = sin x and y = cos x have the maximum
value 1 and the minimum value —1.
Iis true.
The graph of y = cos x is symmetrical about the y-axis but
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the graph of y = sin x is not symmetrical about the y-axis.

II is not true.

C118)»
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Both the functions y = sin x and y = cos x are periodic, and
their periods are 360°.

II1 is true.

The answer is B.

Answer: C
For option C, the function y = 2* does not have minimum
value.

Answer: B
x®-3x-1=0

x®-3x+1=2
Draw the horizontal line y = 2 on the graph of y = x* — 3x +1.

y
34
2 y=2
1.
T T T T X
b O 1 2
—14
y=x3-3x+1

The two graphs intersect at x = —1.5, x =—0.3 and
x=1.9.

The solutions of x> —3x —1=0are x=-1.5, x =-0.3
orx=1.9.

Answer: C
x>-3x<0

x*-3x+1<1
Draw the horizontal line y = 1 on the graph of y = x> — 3x +1.

y
34
o
1 Yo
T T T T X
b O 1 2
—14
y=x3-3x+1

The two graphs intersect at x=—1.7, x=0and x = 1.7.

For the ranges x < —1.7 and 0 < x < 1.7, the corresponding

parts of the graph of y = x> — 3x +1 lie below the line y = 1.
The solutions of x* —3x <0 are x <-1.7 or 0 < x < 1.7.



NSS Mathematics in Action (2nd Edition) 6A Full Solutions

T
5. Answer: A <o ILis true.
2 +3Y-2>=0
2 +3% =2
Draw the horizontal line y = 2 on the graph of y = 2* + 3*.

y=2%+3"

8 I

The two graphs intersect at x = 0.

For the range x =0, the corresponding part of the graph
of

y=2"+ 3"lies on or above the line y = 2.

The solutions of 2% +3%¥ - 2 >0 are x =0.

6. Answer: D
-x? +4x+5 =k

- x> +4x+5- k=0 ... (@)
If (*) has real solution(s), then
A of (*) =0
4% - 4(- D(5- k) =0
4(5- k) =-16
5-k=-4
k <9
7. Answer: C
- f(x) =-(x"- 3x)
Forl, —3x- P
=g(x)

Transformation I on the graph of y = f(x) gives the
graph of y = g(x).
f(-x)=(-x)7-3(-x)

For II, — % +3x
=g(x)
Transformation II on the graph of y = f(x) gives the
graph of y = g(x).
3f(x) =3(x% - 3x)
For 111, —3x% - 9x
g (x)

Transformation III on the graph of y = f(x) does
not give the graph of y = g(x).
The answer is C.

8. Answer: D
Forl,
The graph of y = g(x) passes through (-2, 0).
g(-2) =0

f(-2- 4) =f(-6) =0
900 # f(x- 4)

I is not true.

For II,
The graph of y = g(x) can be obtained by translating the
graph of y = f(x) leftwards by 4 units.

g(x) = flx +4)
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9. Answer: C
Let the graph of y = h(x) be the graph obtained by enlarging th¢
graph of y =sin 2x along the x-axis to 2 times the original.
. X
h(x) =sin ZH —H
020
=sin x
The graph of y = g(x) is obtained by translating the
graph of y = h(x) upwards by 1 unit.
g(x) =h(x) +1
=sinx +1
10. Answer: A
Let the graph of y = h(x) be the graph obtained by translating
the graph of y = f(x) downwards by 2 units.
h(x) =f(x)- 2
The graph of y = g(x) is obtained by reflecting the graph
of y = h(x) about the x-axis.
9(x) == h(x)
=-[f(x)- 2]
=-(x>+2x-2)+2
=-x’-2x+4
k =4
Exam Focus
Exam-type Questions (p. 3.83)
1. Answer:D
The graph of y = —f(x — 2) is obtained by translating the
graph of y = f(x) rightwards by 2 units and then reflecting
about the x-axis.
The answer is D.
2. Answer: A
2g9(x) =f(x)
1
g(x) =5 fx
The graph of y = g(x) is obtained by reducing the graph
1
of y = f(x) along the y-axis to E times the original.
From the graph, y-intercept of the graph of y = f(x) is —8.
The y-intercept of the graph of y = g(x) is —4.
A is correct.
3. Answer C

For 111,
The graph of y = g(x) can be obtained by reflecting the
graph of y = f(x) about the y-axis.
g(x) = f(=x)
II1 is true.
The answer is D.

The vertex of C; is below the vertex of C;.

C; must be reduced along the y-axis or translated
downwards to give C..

The y-coordinate of the vertex of C; is positive and the
y-coordinate of the vertex of C is 0.

C; must be translated downwards to give C..

The y-intercepts of C; and C, are negative, and the
y-intercept of C; is greater than that of C.

C; must be reduced along the y-axis to give C..

The answer is C.
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3 More about Graphs of Functions
Answer: D
The graph can be obtained by reflecting the graph of
y = cos x about the x-axis, and then reducing along the y-axis
to half of the original, and finally enlarging along the x-axis
to 3 times the original.
y =—-3cos 2x

Answer: A
For I:
The graph of y = f(x) has three x-intercepts.
f (x) =0 does not have a unique solution.
I is not true.
For II:
The graph of y = f(x) intersects with the graph of y = k at
x=-3,x=-1and x= 3.
The solutions of f(x) = k are x =
IT is true.
For III:
For the ranges x < -3 and —1 < x < 3, the corresponding parts
of the graph of y = f(x) lie above the line y = k.
The solutions of f(x) > kare x <—-3 or —1 <x < 3.
II is not true.
The answer is A.

-3,x=-lorx=3.

(a) Let the graph of y = p(x) be the graph obtained by
translating the graph of y = f(x) upwards by 2 units.
p(x) =f(x)+2
The graph of y = g(x) is obtained by translating the
graph of y = p(x) rightwards by 5 units.

g(x) =p(x-5)
=f(x-5+2
=(x-5)°+2

(b) Let the graph of y = q(x) be the graph obtained by

translating the graph of y =37 upwards by 2 units.
q(x) =37 +2

The graph of y = h(x) is obtained by translating the
graph of y = q(x) rightwards by 5 units.

h(x) =q(x- 5)
=375 49

2
=35+ 4 o

(a) Let the graph of y = h(x) be the graph obtained by
reducing the graph of y = f(x) along the y-axis to
m times the original.

h(x) =mf (x)
The graph of y = g(x) is obtained by translating the
graph of y = h(x) leftwards by 2 units.
g(x) =h(x+2)
=mf(x+2)
=m{2[(x+2)+6]° - 6}
=m[2(x +8)2 - 6]
=2m(x* +16x +64) - 6m
=2mx* +32mx +122m
Also, 900 =(x+h)? -
=x’+2hx+h’- 3
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N
1=2m
1
m =—
2
2h =32m

(b) From(a), g(x) =(x+8)*- 3
. The vertex of the graph of y =g(x) is (-8, -

3).
The new graph is opening upwards with the vertex
(_4: _6)'

The new graph is obtained by translating the graph
of y = g(x) downwards by 3 units and then
rightwards by 4 units.

Investigation Corner (p. 3.88)

(a) Transformation I: The graph of y = x* is enlarged along
the y-axis to 2 times the original to
give the graph of y = 2x°.

Transformation II: ~ The graph of y = 2x* is translated
rightwards by 3 units to give the
graph of y = 2(x — 3)%

Transformation III: ~ The graph of y = 2(x — 3)* is translated
upwards by 4 units to give the graph
of y=2(x—3)*+4.

(b) (i) (1) Reduce the graph of y = x* along the y-axis to

a times the original, and then translate leftwards
by (—h) units and upwards by k units.

(2) Reflect the graph of y = x* about the x-axis, and
translate leftwards by (—h) units and upwards by
k units.

(3) Enlarge the graph of y = x* along the y-axis to
(—a) times the original, reflect about the x-axis, and

translate leftwards by (—h) units and upwards by
k units.

(i) (1) Yes, three transformations are enough.
(2) Yes, three transformations are enough.
(3) No, four transformations are needed.
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