R Sketching curves and transformations

ROBINSON Worked solutions

This topic online

n Sketch the curve with equation y = (x + 2)(x — 1)(x — 4), showing the coordinates of the points where
the curve meets the coordinate axes.

y

(3 marks)

Roots: set each bracket 2.1'00.(. to 2er0
X = =2,x=l,x=4
J-u\ke.rce.pk: puk x =0

y = (2)(-1)(-4)
y =28

Positive x® term: bottom Le.oct to top r'\akt
see the sketeh: (-2, 0), (\, 0), (4, 0), (o, 8)
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n Sketch the curve with equation y = X’ - x), showing the coordinates of any points where the curve
meets the coordinate axes.

(3,0)

(3 marks)
Roots

x2=0>x=0 (re.pe.o.tuli the curve tovches)
3-x = 0> x =13 (crosses)

Shage: the 2® term cs =2

ne.sm‘l:t.\/e. cvbic: starts top Le.oc‘l:, ends bottom r&aht

—unkercept: x = O gives y=o

see the sketch: ouches at (0, 0), crosses ot (3, O)
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n Sketch the curve with equation y =

! > + 3. On your sketch show the equations of the asymptotes
o

and the coordinates of the points where the curve crosses the coordinate axes.

y

R

(5/3,0)

(4 marks)

Translation opy=—:2 raskt and 3 vp

\
x

o.sjmp'koke.s: % =2 and y=2

J-mte.rce.pt: x =0
= |
J= — +3=
-2
x=untercept: J =0

S
2

1 =3
x =2

.z-2=_l

3

== 5

3
S k)
x=2,y=13, (O,T),(?,o)
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n Sketch the curve with equation y = xz(x - 2)(x + 3), showing the coordinates of the points where the
curve meets the coordinate axes.

(_3 3] O) (0]

(2,0)

(3 marks)
Roots

x=0 (re.pe.«te.&: touc.he.s)

X = 2ond x == (cross)

Heghesk power: x* x 2 X 2 = =", posckeve

both ends of the curve pount vpuwards

The curve Sozs vp to touch at O and back down

see the skekeh: (-3, 0), (0, 0), (2, o)
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a The curve with equation y = f(x) has a maximum point at (3, 8). Write down the coordinates of the
turning point on the curve with equation

ay=fx-2)

b.y =fkx) +3

c.y = 1(3x)

d.y=-f(x)

ey=2fx+1)-4 (5 marks)

o.) oc(J!. - 2.)3 translate 2 r;bkk, x+t2

(s, 8)

b) J’("‘) + 3 £ranslate 3 vy, :) +3
(3, w)
c) 0(;(3.&)2 streteh ta 2, scale ocou.tor %, sox *+3

(1, %)

d) -J.(x)t rLJ;(.c.ot cn the x-axcs, y X =\

(3, -‘6), o mencmum poent

e) 2 +1aside: \ (.e.l.k

x 3-1=2
?.J,(...) -« dovble the Y value then subtract 4
= 2.(%) -4 =12

(2,12)
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n The diagram shows a sketch of the cubic curve with equation y = f(x). The curve crosses the x-axis at
(=3, 0), touches it at (1, 0) and crosses the y-axis at (0, 3). On separate diagrams, sketch the curves

with the following equations, showing the coordinates of the points where each curve meets the
coordinate axes.

a.y="fx+2)
b.y = 2f(x)
c.y=1f(-x)
y y
(0,3) (0,5)
X | X
(-3,0) (,0) (-5,0) (-1, 0)
y =f(x) (v
y y
(o, L)
(0, 3)
X X
(-3,0) (1,0) (-1,0) (3,0)
(b) (o)

(7 marks)

a) Fl=t 2): £ranslation 2 vacks Le fe=-2

(-3,0) — (-5, 0)

(1,0) = (-, 0)

New :)-u\tuce.p’c es the old lne.:.ah’c stk x=2

From the sketeh, p(x) = k(x + 3)(x - \)? and FO) =3 =23, 500 =)

J-(?-) = (S)(\)1 =S
(-s,0), (-, 0), (o, s)
b) 2.;.(:!.)2 strekeh parallel to the yraxes, scale ocmr.tor 2, Y X 2
(0,3) — (0, ¢)

x-inte.rce.p{:s do not move

(-3, 0), (1, 0), (o0, ¢)
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e) pl-2): re plection cn the ymaxis, x % -
(-3, 0) — (3, 0)

(, 0) = (-, 0)

(o, 3) s{:aps on the Y-axcs

(3, 0), (41, 0), (0, 3)

The diagram shows a sketch of a cubic curve. The curve touches the x-axis at (-1, 0), crosses the x-
axis at (3, 0) and crosses the y-axis at (0, —6). Find an equation for the curve.

Y

(-1,0)

(3,0)
(0, _6)

(3 marks)
Touches at -1 repeated J,o.ctor (= +1)*
Crosses ot 3: J.o.r.‘bor (x - 3)

J = k(x4 \)z(x - 3)
Use khe yminkercept (o, -¢)
-¢ = w(o+1)*(0-13)
-6 = -k
k= 2

:’ =2(x + \)z(x. - 3)
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n The curve C has equation y = X2 - 6x+13
a. Write x> — 6x + 13 in the form (x + a)2 + b, where a and b are integers.

b. Hence describe fully the transformation that maps the curve with equation y = X2 onto C.
c. Cis translated k units down so that the new curve touches the x-axis. State the value of k.

d. Cis instead stretched parallel to the y-axis with scale factor 2. Write down the equation of the

new curve. (6 marks)

) Comp(.e.te. the sq vare
x:-6x 413 = (x=-3)2-94+13
= (x=-3)*+y

(x -3)*4+ 4
b):)=(:.-‘$)‘+l+isoc(x-3)+4wakkd:(x)=:."

transtation bv vector (3, 4): 3 riakt, Y4 vp

¢) The mincmum po'm'(: of Cs(3,uw)
moVing it down 4 puts ct on the x-axcs

k=4

d) Stretch parallel to the D-o..x.is, scale J,a.c’Cor 2: J = Zoc(:x.)

= 2(x%-¢x +13)
I‘?\J=23L"°I2.x+26
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ED ©-«-2x+ N3

a. Sketch the curve with equation y = f(x), showing the coordinates of the points where it meets the
coordinate axes.

b. The curve with equation y = f(x + k), where k is a constant, passes through the origin. Find the
three possible values of k.

¢. Write down the coordinates of the points where the curve with equation y = f(2x) meets the x-
axis.

(6 marks)
o.) Roots

x = 2,x=-l,x=-3

J-intu‘cept

F(©) = (-2)(1)(3) = ~¢
see the sketeh

b) Tkrousln the origin: put x =0, y=o
o = plo+w)
J.(IL) = 0

So k must be a root °f £

k=2, k==, k=-3

|
c) J:(Z.z)I streteh Po.ro.(.(.e.(. to the x-axis, scale J:o.c.'(:or Z »yS0x *2

232 =\

12 = _

|
2
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-3 22 = i

. -

2

(-i) 0)) (- l B O)a (\a 0)
2 2

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Page 10 of
Tuition 15



m The curve C has equation y = x> - 4x and the line [ has equation y = 5x
a. Factorise x> - 4x completely.

b. On the same axes, sketch € and I, showing the coordinates of the points where C meets the x-
axis.

c. Find the coordinates of all the points where C and I meet.

y

(7 marks)
a.) Toke ovt the common oco.ckor %

x¥=-4x = .‘L(.‘L" - '+)

Oz.l.oce.rc.nce. ooc two siua.re.s
= 2l -2)(x+2)

.z(x. - 1)(.& + 1)

b) Posckive cubie ‘tkrouak -2, 0 and 2

L passes kkrouak O with gradeient s

see the sketch

¢) Sek the eiumkioas eq val

xiP=-4x = Sx

2% -9
x(x =3)(x +3)

x = 0O,x=93%,x ="

"
o

Fund J From D =Sx
= O,J=\$,y=-\$
(-3, -15), (0, 0), (3,15)
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a. Sketch the curve with equation y = f(x) — 1, stating the equations of the asymptotes and the
coordinates of the points where the curve crosses the x-axis.

b. The curve with equation y = f(x + a), where a is a constant, passes through the point (1, 1). Find
the possible values of a.

c. For each value of g, state the equation of the vertical asymptote of y = f(x + a).

y

(7 marks)

o.) oc(:x.) = 1: translation \ vait dowan
o.sjmp‘(:o‘ke.sl x = O and y=-
Crosses the x-axis where y=o

] = 0

kﬂ
"

(1Y

22

X =

x =0, y=-,(-2,0),(2,0)
b) Substitute (I, 1) into y= J,(x +a)
+ = |
(1 +a)*
(1+a) = u
:

I+ a y

o = lorfoa==3

c.) Vertical msymp'l:ote. where x +a =0
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m The curve C has equationy = (x - 2)2(x + 1)
a. Show that the equation of C can be written as y = X -32%+4
b. Sketch C, showing the coordinates of the points where it meets the coordinate axes.

c. Use differentiation to find the coordinates of the turning points of C.

d. Hence find the set of values of k for which the equation (x — 2)2(x + 1) = k has three distinct real
roots.

(9 marks)
a) Expand the square pirst
(x=2)* = x*=-4Y4x +4
y = (x*=ux+u4)(x+1\)
D = P4t xt gt =Yy t 4t Y
y = x}-3x24 4
shown
b) Rooks: x =2 (re.pe.o.(:o.d., touches) and x = =
j-u\{:uce.pt: y=u
see the sketch
) Otococe.re.nt:.mte.
ij_ = 3x?-6x
dx
Ix*=-¢x = O
3x(x-2) = ©
X = Oorfx=12
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.x.=O$J=H

.z=2.1:’=0

(0, 4) and (2, 0)

d.) Roots °f J’("‘) =k are where the Line J =k meets C

three me.e.(:ma pounts when Y=t lees between the tumu\3 pounts

O<w<y
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