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Exercise 4D

1 Sketches of original graphs:

ai f)=x%fx+2)=x+2)°
o) = x° YA Jy=(x+2)
VA y=x2
4
_'3 (0] x
0 > The curve touches the x-axis at (=2, 0)
and crosses the y-axis at (0, 4).
f(x) = x° i f(x)= x°, f(x +2) = (x + 2’
Y = "y
_/
0 7 2 0 x
fe) = 1
(x) = X The curve crosses the x-axis at (-2, 0)
and crosses the y-axis at (0, 8).
Vi - |
1 5
L iii fr)=—,f(x+2)=x+
X
VA
0 >
. L
a f(x + 2) 1s a translation of the graph of
-2 :
f(x) by ( 0 j, or two units to the left.

The curve crosses the y-axis at (0, 1).
The horizontal asymptote is y = 0.
The vertical asymptote is x = —2.
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1 b f(x) +2 is a translation of the graph of f(x) ¢ f(x— 1) is a translation of the graph of f(x)
0 1

by (J , Or tWo units up. by (OJ , Or one unit to the right.

i fo)=x%fx)+2=x>+2 i f)=x)fx—1)=@— 1)
VA VA

y=x1+2
y=(x-1)

2 1
0 ‘T (0] 1 ‘f

The curve touches the x-axis at (1, 0)

The curve crosses the y-axis at (0, 2). and crosses the y-axis at (0, 1).
i f0)=x, fx)+2=x"+2 i f0)=x,fx—1)=@x-1)’
VA y= X422 VA i )

/ o7

~ X
35 O X -1
The curve crosses the x-axis at(—i/i ,0) The curve crosses the x-axis at (1, 0)

and crosses the y-axis at (0, 2). and crosses the y-axis at (0, —1).

1 1
iiif(x)z%,f(x)+2:i+2 i f() = flx— 1) = —

VA i
:

\

The curve crosses the y-axis at (0, —1).
The horizontal asymptote is y = 0.
The vertical asymptote is x = 1.

The horizontal asymptote is y = 2.
The vertical asymptote is x = 0.
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1 d f(x) — 1 is a translation of the graph of f(x)

0
by ( J , or one unit down.

i fo)=x%fx)-1=x"-1

V4

3

y=x-1

Nl A

=Y

The curve crosses the x-axis at (—1, 0) and
(1, 0) and crosses the y-axis at (0, —1).

i f0)=x",fx)—-1=x—1

VA

y=x'-1

O/
-1

=Y

The curve crosses the x-axis at (1, 0)
and crosses the y-axis at (0, —1).

i fr) = -, f(r) — 1 =
X

1

X

1 d iii The curve crosses the x-axis at (1, 0).
The horizontal asymptote is y = —1.
The vertical asymptote is x = 0.

e f(x) — 3 is a translation of the graph of f(x)
0
by ( 3] , or three units down.

i fx)=xfx)-3=x*-3

VA

_ﬁ\j /\@ X

The curve crosses the x-axis at <_J§ , O)

and (\/g ,O) and crosses the y-axis at
(0,-3).

i fx)=x,fx)-3=x"-3

VA y=x-3

O _/_::E )

The curve crosses the x-axis at <_%/§ , O)

and crosses the y-axis at (0, —3).
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1 e iii fx)= l ) -3 = l —3 f ii The curve crosses the x-axis at (i/E,O)
X X

and crosses the y-axis at (0, —27).

|
VA

gl 3 iiif(x)=l,f(x—3)=L
K * T X x-3

VA

=Y

-

The curve crosses the x-axis at (%,0) .

The horizontal asymptote is y = —3.
The vertical asymptote is x = 0.

The curve crosses the y-axis at (0,—%).

f f(x —3) is a translation of the graph of f(x)

3 The horizontal asymptote is y = 0.
by [()j , or three units to the right. The vertical asymptote is x = 3.
2 ay=x—1Dx+2)
i flx)=x% flx—3)=(x—3) As a =1 is positive, the graph has a \/
shape and a minimum point.
e O0=@x—1DHx+2)

)= (x—3)
y=0=3) Sox=lorx=-2

The curve crosses the x-axis at (1, 0)
and (-2, 0).

9 Whenx=0,y=(-1)x2=-2

The curve crosses the y-axis at (0, —2).

- ] oy =)
o 3 % 4

The curve touches the x-axis at (3, 0)

and crosses the y-axis at (0, 9). b i f(x+2)is atranslation of the graph of

.. -2
i )=, fx—3)= (- 3) () by [ ) j or two units to the left.

VA y=(x-3)

y=_fx+2 ¥

|
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2 b ii f(x)+ 2 is a translation of the graph of 3 b f(x + 1) is a translation of the graph of f(x)
0 0
f(x) by (J , Or two units up. by ( lj , or one unit to the left.
y = 1) + 27 y=1x+n¥

Since the axis of symmetry of f(x) is at

x =—1, the same axis of symmetry ¢ fix+1)=(x+ 1)2(12_ (x+1))
applies to f(x) + 2. =—x(x+1)

Since one root is at x = 0, the other must When x = 0, y = 0; the curve passes
be symmetric at x =—1. through (0, 0).

_ —_A\2
c i y=f(x+2)is 4 a y=x(x-2)
y=(x+2-D)x+2+2) 0=x(x=2)

=(x+ D)(x +4) Sox=0o0rx=2 .
Whenx=0,y=4 The curve crosses the x-axis at (0, 0)

and touches it at (2, 0).
X —> 00, ) — 0

ii y=f(x)+2is

y=(—Dr+2)+2 X0,y > =0

=2

—x2+x 2+2 b g

=x"tx

Whenx=0,y=0

3 a y=x2(l—x) 2 X
0=x*1-x)
Sox=0orx=1
The curve crosses the x-axis at (1, 0) )+ 2 1 .
translat fth h of fi

and touches it at (0, 0). b f(x) ) is a translation of the graph of f(x)
X=X,y —> 7o by( J,ortwounitsup.
X — —00, )y — ®© 2

f(x + 2) is a translation of the graph of f(x)
YA _2
by ( 0 j, or two units to the left.

o 1\ ¥ y="f)+2

¢ fx+2)=(x+2)((x +2)—2)
=(x+2)u°
(r+2)(x)"=0
Sox=0and x=-2
The graph crosses the axes at (0, 0)
and (-2, 0).
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5 a y=x(x—4) 6 a y=f(x—2)is atranslation of the graph of
As a =1 is positive, the graph has a \/
shape and a minimum point.
0=x(x—4)

Sox=0orx=4

:ﬁlg (C 411, r(\)/)e crosses the x-axis at (0, 0) b y=f(x) + 3 is a translation of the graph of

0
f(x) by ( j, or three units up.
YA Y= ﬂx) 3

A So P translates to (4, 2).

2
f(x) by [0] , or two units to the right.

So P translates to (6, —1).

0 4 x 7  y={1(x) has asymptotes at x =0 and y = 0.
-4 Asymptotes after the translation are at x =4
and y = 0, therefore the graph has been
b f(x + 2) is a translation of the graph of f(x) translated four units to the right.
-2 flx) = 1 fix—4)= !
by 0 I’ or two units to the left. x x—4
1
f(x) + 4 is a translation of the graph of f(x) y= 4

0
by (4} , or four units up.

8 a y=x3—5x2+6x
=x(x* — 5x + 6)

Y y=flx) + 4 =X = 2)(x = 3)

0=x(x—2)(x—3)
Sox=0,x=2o0rx=3

The curve crosses the x-axis at (0, 0),
(2,0) and (3, 0).

X —>00,) — 00

y=1fx+2) X— —00,)y — —©

¢ fx+2)=x+2)((x+2)—4) 4
=x+2)(x—2)
0=x+2)(x—2)
Sox=—2o0orx=2
Whenx=0,y=2x(-2)=—4
So f(x + 2) crosses the x-axis at (=2, 0) and ol A %
(2, 0) and the y-axis at (0, —4).

y=x'=5x" + 6x

f(x)+4=x(x—4)+4

=x’—4x+4
=(x-2)
0=(x—2)

Sox=2

Whenx=0,y=(-2)*=4

So f(x) + 4 touches the x-axis at (2, 0)
and crosses the y-axis at (0, 4).
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8 b Letf(x)=x"—5x*+6x Challenge
(x—2) = 5(x—2)*+6(x—2)is f(x — 2), >
which is a translation of two units to the 1 a y=f(x+2)—5is a translation by [ j ,
right. -

or two units to the left and five units down.
So the point Q(—5, —7) is transformed to the
point (=7, —12).

b The coordinates of the point O(—5, —7) are
transformed to the point (=3, —6).
This is a translation of two units to the right
and one unit up.
Soy=f(x—2)+1

y=(x=-2)-5x-20+6(x-2)

9 a y=x+4x>+4x
= x(x* + 4x + 4)
=x(x +2)*
Sox=0orx=-2
The curve crosses the x-axis at (0, 0)
and touches it at (=2, 0).
X —> 00,) — ©
X — =00,y — —©

v g
T =4 +4x

=Y

[N\ O

b y=(x+a)+4(x+a)’+4(x+a)
y=x"+4x" + 4x crosses the x-axis
at (0, 0) and (-2, 0).
So for the point (—1, 0) to lie on the curve,
the graph must be translated either one unit
to the left or one unit to the right.
a=—lora=1

© Pearson Education Ltd 2017. Copying permitted for purchasing institution only. This material is not copyright free. 7



