R Transformations of graphs

ROBINSON Worked solutions

This topic online

n The point (2, 5) lies on the graph of y = flx).
Write down the coordinates of the image of this point on each of these graphs.
a.y=flx+3)
b.y=flx)-4
cy=-fx
dy=f=x) (4 marks)

o) taside the bracket: x moves the oppos:.ke. wmd
(-, 5)
b) ovtside: y moves 4 down
(2,1)
) rzoc,tcck en the x-axcs
(2, -s)
d.) re,ac(.e.c.(: e the J-mxas
(-2,5)

n The point (6, —4) lies on the graph of y = f(x).
Write down the coordinates of the image of this point on each of these graphs.

a.y = 2fix)
b.y = f(2x)

cy= ﬂ%x)
d.y=-3f») (4 marks)
«) mu(.t'\p(.:) the J-coord;m&tz bJ 2
(‘) -$>
b) divide the x-coordinate by 2
(3, -w)
g) Mutkip(.:) the x-coordinate bj 3
(18, -«)
4) moLkcply 4 by -3
(¢,12)
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n The point A(-2, 3) lies on the graph of y = flx).
Write down the coordinates of the image of A on each of these graphs.
a.y=fix-3)+1

b.y=-flx+1)
cy=2f[x) -1
dy=f2x)+5 (4 marks)

o.)3r15k{:,|up

= (-2+43,3+))
(, 4)
b)1te gk, thea y=-y
= (-2 -1, -3)
(-3, -3)
o)yezy-\

= (-2,2%x3-1)

(-2, 5)
&);—»xez,tund»fs
=(-2:2,3+5)
(-, 8)

n The graph of y = f(x) has a turning point at (3, -5).
a. Write down the coordinates of the turning point of the graph of y = f(x) + 4
b. Write down the coordinates of the turning point of the graph of y = f(x - 2) 2 marks)

o) y= I'("') + 4 translates the Sro.pk 4 vnits vp, s (3, -s) ma.ps

o (3, -5 +u4) = (3, 1)

b) y= glx - 2) £ranstates he graph 2 vaits Eo the right, 50 (3, =5) maps to (3 +2,
-s) = (s, -3)

For part (b), £he orcqenal turacng pocnt oceurs when the waputop £is 3. Ta ple -
2), solve x -2 = 3, qiveng x = 5. This exploins wlny sub(:ro.c.tmn wnside Ehe gunction
moves the goint to the rf.bht
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a The point A (4, 7) lies on the graph of y = f(x).
a. Find the coordinates of the image of A on the graph of y = f(-x)
b. Find the coordinates of the image of A on the graph of y = —f(x) 2 marks)

) y= J,('J.) w3 o reglection in the ymaxis: the x=coordinate changes sign, so A maps
to (-4, 7)
b) y= -J.(.z) s o re.oc(.e.r.tion wn the x-axis: the J-coord;na.te. cko.nﬁe.s scqn, S0 A ma.ps
to (w4, -7)

B The graph of y = sin x for 0° < x < 360° has a maximum point at (90, 1).
a. Write down the coordinates of the maximum point of the graph of y = sin x - 3

b. Write down the coordinates of the maximum point of the graph of y = sin (x - 30°) (2 marks)
o) Y= s 3 Lranslates the Smph 3 uncts down, so (90, 1)

mo.Ps to (“O, -2)
b) y= sealx = 30) transtates the Sra.pln 30 degrees to the riSH:, s0 (90, 1) maps ko
(120,1)

The graph of y = f(x) passes through the point (2, 5).
a. Write down the coordinates of a point that must lie on the graph of y = f(x + 6)

b. Write down the coordinates of a point that must lie on the graph of y = f(x) - 2 2 marks)
o) 9= oc(.z +¢) translotes the Srapk 6 uncts to the Lc’ft’ so (2, s) mo.ps to (2 -¢, s)
=(-4,5)

b) J = J'("‘) - 2 translates the 3ro.pk 2 vnits down, so (1, S)
Mmo.ps to (2, 3)

n a. Describe fully the single transformation that maps the graph of y = X% onto the graphofy = (x +
4)?

b. Describe fully the single transformation that maps the graph of y = x° onto the graph of y = -x° (2 marks)

o) lle.p(.u.‘mn % wikh x + 4 transtates the graph 4 vacts a the negative x direction,
o translation bd the vector (-4, O)

b) Mu(.ta.p(.yz.(\3 the whole l.um:.‘kf.oa ’ov - re.oc,Le.r.‘ks the aro.pk in

the x-axis
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n The graph of y = cos x is drawn for 0° < x < 360°.
The graph of y = cos x + 2 is sketched on the same axes for 0° < x < 360°.
a. Write down the coordinates of the minimum point of y = cos x + 2
b. Write down the coordinates of the maximum point of y = cos x + 2 with the smallest x-

coordinate

2 Y

y=cosx+2

y = cos x 90 180 270 360

x (degrees) (2 marks)
J = cos X + 2 translates the aro.pk of :) = c0% 2 bJ 2 vaits vp
o) Y =cos x has tts meacmum ca thes enterval ot (\80, -I), which

ma.ps to (\80, 1)
b) J = cos x has maximum points ok (o, 1) and (3¢o, \); the one with the smallest x-
coordenate mo.ps to (O, 3)

m The curve C has equation y = f(x) where f(x) = X% + 2x.

a. Curve A is the reflection of C in the y-axis. Find the equation of curve A in the form y = X2+ bx +

c

b. Curve B is the translation of C by 3 units in the positive y direction. Find the equation of curve B. (3 marks)
o) A re plecton wn the yroxis replaces x with =x

J:.(-.x.) = (=x)?+2(-2) = x* - 2x. So curve A s y= xt-2x
b) A translation  uncks vp adds 3 to the ocum.tnon

y = f,(a.)+3=z.2+u+'s
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m The graph of y = f(x) has a maximum point at (-1, 4) and crosses the x-axis at (-3, 0) and (1, 0).
a. Write down the coordinates of the minimum point of the graph of y = —f(x)
b. Write down the coordinates of the maximum point of the graph of y = f(x - 2)

c. Write down the coordinates of the points where the graph of y = f(x - 2) crosses the x-axis.

y

(_1’ 4)

y=fx)

[llustrative sketch: use the givenlpoints

\

(3 marks)
) y= -J;(.z) re.oc(.u.ks the gra.ph wn the x=axis, so the maximum (-\, 4) becomes a
minimum ot (-\, -'+)
b) y= oc(.x - 2) translates the 3ro.pk 2 vnits o the riﬁk{:, 50 the maximum moves %o
(v+2,4)=(,4)
¢) The x-wntercepts alse move 2 uncts rinkt: (-3, 0) maps to (-, 0) and (1, O) maps
to (3, 0)

€ w-2-amx+7

a. Write f(x) in the form (x - a)2 + b and hence write down the coordinates of the turning point of y
= f(x)
b. Write down the coordinates of the turning point of y = f(x — 3)

c. Find the equation of y = f(-x), giving your answer in the form y = X +bx+c (4 marks)

m) Comp(.e.‘bz the siumre.
xt=4Y4x +7 = (.‘Jt. - 1)2' -4 +7= (.z - 2.)1 + 3 The 'kurm.ns po:.nt

es (2, 3)
b) y= o(;(:)z. - 3) translates the graph 3 units €o the riﬁkk, so the turacag pocnt moves
o (S, 3)

G)J,('.&) = (-x)z-'-}(-x)+7=xz+'+.z+7,so:)=.x."+'+x+7
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m The diagram shows the graph of y = sin x for 0° < x < 360°.
a. On the same axes, sketch the graph of y = sinx - 2 for 0° < x < 360°

b. The point P (30, 0.5) lies on the graph of y = sin x. P is mapped to the point Q on the graph of y =
sin (x — 60°). Find the coordinates of Q.

y

90 180 270 360

x (degrees) (4 marks)
) Yy=snx-2sa transtateon of Y= senx by 2 units down. The sketeh passes
tkrouah (0, -2), has o maximum at (10, =1), passes tkrwnh (130, -2), has a mincmum
at (270, -3) and ends ot (3¢o, -2)
b) y= sin( - ¢0) transtates the 3rmpk éo d.e.aru.s to the r:.slnt, s0o P (20, 0.5) maps
to & (30 + ¢0, 0.5) = (90, 0.5)

m flx) = cos x° for all real values of x

a. Write down the coordinates of the minimum point of the graph of y = fix) + 2
b. Write down the coordinates of the maximum point of the graph of y = fix - 30) for 0 < x < 360
c. The graph of y = flx) is reflected in the x-axis. Write down the equation of the reflected graph. (4 marks)

o) y = l.(.x.) + 2 translates the curve vp 2, so the munimum (180,

-1) moves to (120, 1)
b) y= oc(.z - 30) translates the curve 30 to the rz.ﬁkt, s0 the maximum (O, \) moves
to (30,1)

¢) P«.J.(.e,ctu\a eh the x=axcs replaces Y with ~Ys giveng y = -cos

X%
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m Describe fully the single transformation that maps the graph of y = fix) onto the graph of
a.y=fx)+5
b.y=fix-4)
cy=-fx)
d.y = fl2x)
e.y =3flx) (5 marks)

o) +5 ovkside! v

Tronslation bd (o, s)

b) =4 inscde: moves r:.SH:

Translation by (4, 0)

¢) munus ovtscde

KQ.J,Le.c.tioA in the x=-axcs

d) 2x waside: x=coordinates halve

Streteh, >F /2, parallel to x-axis

e.) 3 outside: J-ooord.'mo.te.s %3

Skreteh, st 3, parallel to Yraxes

m The graph of y = tan x° passes through (45, 1) and has an asymptote at x = 90.

The graph of y = tan x° is reflected in the x-axis and then translated 30 to the right and 2 up. This
gives the graph C with equation y = —tan(x - 30)° + 2.

a. Write down the coordinates of the image of (45, 1) on C.

b. Write down the equation of the image of the asymptote x = 90 on C.

c. Write down the y-coordinate of the point on C where x = 30. (4 marks)

«)
= (4s,\) — (u4s, -1)
= > (4S5 +30,-1+2)

(75, 1)
b) oALJ the 30 riah‘t matters

0 +30 = 120

x =120
)

[~ o
= -tan(30-30) +2=-tan0 +2

=2
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f(X)=X2—4X

a. Write filx + 1) in the form X2+ ax + b.

b. The graph of y = fix) has its minimum point at (2, —4). Write down the minimum point of y = fix +

1.
a)
J:(x + l)

x2=-2x-3

(la 'L")
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(x +1)2=-ulx +1)

x*t2x t1-Hx -4

b) translation | to £he (.e.oc'(:

(4 marks)
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