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Graphs and transformations 4F

1 a f(2x) is a stretch with scale factor 1 in the

x-direction.

i f(x) = x2, f(2x) = (2x)? = 4x?
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b f(—x) is a reflection in the y-axis
(or stretch with scale factor —1 in the
x-direction).

i f(x) = X2, f(—x) = (—x)* = x?
Y

0 x
flx) = f(-x)

i f(x) =x3, f(—x) = (—x)*=—-x3
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¢ f(£x) is astretch with scale factor 2 in the
x-direction.

100 = F(3x) = (4x)" = XT
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i f(x) =33 f(1x) = (4x)° =

Yy o fv)
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d f(4x) is a stretch with scale factor + in the
x-direction.

i f(x) = x2, f(4x) = (4x)? = 16x2
Y f(4x)
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1 d i f(x)=x3 f(4x) = (4x)% = 64x°

YA
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f(4x)
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i f(x) = % fax) = L = 1%

e f(4x)is astretch with scale factor 4 in the
x-direction.

|00 = (3x) = (3x) = X—6
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e i f(x)=1,f(ix) =
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_N f{lrx) .

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

SolutionBank

f 2f(x) is a stretch with scale factor 2 in the
y-direction.

i f(x) = x2, 2f(x) = 2x?

ya 2f(x)

i f(x) =x3, 2f(x) = 2x°
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g —f(x) is a reflection in the x-axis (or stretch
with scale factor —1 in the y-direction).

i f(x) = %3, —f(x) =—x2

yll f{x}

~f(x)
i f(x) =x3, —f(x) =3
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1 g iii f(x) =

e
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h 4f(x) is a stretch with scale factor 4 in the

y-direction.

i f(x) =x2, 4f(x) - y = 4%

Y

f(x)

4f(x) O x
i f(x) =x3, 4f(x) = 4x3
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——4f(x)

i f(x) = %,4f(x): 4x
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i i $f(x) is a stretch with scale factor § in

the y-direction.

f(x) = x2, 1f(x) = 1x?

Y

jg‘“‘“‘* % i)

i +f(x) is a stretch with scale factor < in
the y-direction.
f(x) = x%, 1f(x) = 1 x°

i f(x) =x3 1f(x)= 1x°
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2 ay=x-4 2 b —f(x) is a reflection in the x-axis.
=(x=2)(x+2)
As a = 1 is positive, the graph has a \/ YA
shape and a minimum point. 4|y =)

0=(x-2)(x+2)

Sox=2o0rx=-2 /\

The curve crosses the x-axis at (2, 0) and >
_ 0 X

(=2, 0).

Whenx=0,y=(-2)x2=-4

The curve crosses the y-axis at (0, —4).

yr y="fx) 3 ay=Kx—-2)(x+2)x
0=(X—-2)(x+2)x
Sox=2,x=-20rx=0
0 » The curve crosses the x-axis at (2, 0),
—2\ /2 * (-2, 0) and (0, 0).
4 X— 0,y — ©

X— =00,y —> —©

b f(4x) is a stretch with scale factor + in the

x-direction.
YA y = f(x)
YA y = f(4x) /
A 0 X _f 0 2 X
2 2

-4
1y =f(x) b f(4x) is a stretch with scale factor 2 in the
3

y = 3f(x) x-direction.

3f(x) is a stretch with scale factor 3 in the
y-direction. Ys y = f(Lx)

YA y = 3flx)

| T

f(2x) is a stretch with scale factor 1 in the
x-direction.

=Y

=Y

f(—x) is a reflection in the y-axis.
Ity = f(2x)

YA
y = fl—x)

_ij;
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3 b —f(x) is a reflection in the x-axis. 5 ay=x+3x—4
=(x+4)(x—-1)
YA As a = 1 is positive, the graph has a \/

shape and a minimum point.
0=(x+4)(x—-1)
Sox=—-4orx=1

> The curve crosses the x-axis at (—4, 0) and
-2 2\ * (1, 0).
Whenx=0,y=4x(-1)=-4
The curve crosses the y-axis at (0, —4).

y = —f(x)

4 a y=x3(x—3)
0=x%x—3)
Sox=00rx=3
The curve touches the x-axis at (0, 0) and
crosses it at (3, 0).
X— 00,y — 0

¥4 y=x’+3x-4

X— =00,y —> —©

“Y

N

VA y=x(x-3)
b Sy=x>+3x—4
y=1 (x*+3x—4)
f(X) =x2+3x—4,50y= L (x> +3x —4) is
: 1 ich i ' 1
o : > + f(x), which is a stretch with scale factor

in the y-direction.

YA

Sy=x%2+3x-4

b i f(x)=x*x—-3),s0y=(2x)%(2x—3) is >
f(2x), which is a stretch with scale factor *
5 inthe x-direction. y

=x2+3x-4

i y=—x?(x—3) is —f(x), which is a

reflection in the x-axis. 6 a y=x3x—2)>
0 = x%(x — 2)?
yp ¥=2x(Q2x=3) Sox=0o0rx=2
y=x4x=3) The curve touches the x-axis at (0, 0) and
2,0).

X— 0,y — ©
X— =00,y —

=Y

y=-xx-3)
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3y = —x(x — 2)?

y=—1x%(x — 2)?

f(x) =x*(x — 2)%, s0y = —1x¥(x — 2)? is
(4x)—1f(x), which is a stretch with scale
factor % in the y-direction and a reflection
in the x-axis.

A )
4 y=x%(x-2)*

X

3y = —x?(x - 2)?

y = f(2x) is a stretch with scale factor in

the x-direction, so all x-coordinates are
halved.

P(2, —3) is transformed to the point (1, —3).

y = 4f(x) is a stretch with scale factor 4 in
the y-direction, so all y-coordinates are
multiplied by four.

P(2, —3) is transformed to the point

(2, -12).

f($x) is a stretch with scale factor 2 in the

x-direction, so all x-coordinates are
doubled.

Q(-2, 8) is transformed to the point
(-4, 8).

y=(x—2)(x—3)

0=(x—2)(x—3)?

Sox=2o0rx=3

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

Whenx =0,y = (-2) x (-3)>=-18

9 a Xx—>mwy—>wo

X— =00,y —> —©

y=(x-2)x-3)?

b (x) = (x — 2)(x — 3)?

y = (ax — 2)(ax — 3)? is the graph of
y = f(ax), which is a stretch with scale

factor 1 in the x-direction, so all
a

x-coordinates are multiplied by 1
a

For the coordinate (2, 0) to be transformed
to (1, 0), multiply the x-coordinate by 1,
giving a = 2.

For the coordinate (3, 0) to be transformed
to (1, 0), multiply the x-coordinate by %,
givinga=3,a=2o0ra=3

Challenge

1

y = $f(2x) is a stretch with scale factor %
in the y-direction, so multiply the
y-coordinate by + and a stretch with scale
factor £ in the x-direction, so multiply the
x-coordinate by 3.

R(4, —6) is transformed to (2, —2).

S(—4, 7) is transformed to S'(—8, 1.75).

The x-coordinate has doubled, which is a
stretch of scale factor 2 in the x-direction.
The y-coordinate has been divided by 4,
which is a stretch of scale factor + in the y-
direction.

The transformation isy = 4f($x).
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