Heinemann Solutionbank: Core Maths 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise A, Question 1

Question:

Sketch the following curves and indicate clearly points of intersection with the axes:

@y=x-3)x-2)x+1)
(b)y=Xx-1)x+2)x+ 3)
©y=Xx+1)x+2)(x+3)
dy=Xx+21)1-xx+3)
(€)y=(Xx-2)x-3)(4-X
() y=x(x-2)x+1)
@y=x(x+1)x-1)
(hy=x(x+1)(1-X
()y=Kx-2)2x-1)(2+1)
() y=x@2x-1)(x+3)
Solution:

@y=0 => x=-1,2,3
x=0 = y=6

X— 0,y — ©

X— — 0,y—> — ©

}-'Jln

AN
/1 2

(b)y=0 = x=1, -2, -3
x=0 = y=-6

X— 0,y — ©

X— — 0,y —> — ©

=Y

o
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yﬂu

=y

(c)y=0 = x=-1, -2, -3
x=0 = y=6

X— ©,y— ©

fly=0 = x=0, -1,2
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X— 0,y — ©
X— — 0,y—> — ©

VA

/1/B 2

(ggy=0 = x=0,-1,1

X— 0,y — ©

=Y

X— — 0,y—> — ©

A

=Y

1 O\

(hhy=0 = x=0, -1,1

X— ©0,y—> — ©
X— — ©o,y— ®©
VA
»
-1 0 1 X
, E
y=0 = x=2,7, -3

x=0 = y=2
X— 0,y — ©
X— — ©0o,y—> — ©

A
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X— — 0,y—> — ©

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise A, Question 2

Question:

Sketch the curves with the following equations:
@y = (x+1P(x- 1)
(b)y = (x +2)(x - 1
(©)y=(2-X)(x+ 1)
(d)y=(x-2)(x+ 1y
(€)y = x¥(x + 2)
(fy=(x- 1P
@y=(2-X%3+X
(hy=(x-1¥(3 -x)
i) y=x2-x

() y=x(x~-2)
Solution:

@y=0 = x= -1 (twice), 1
x=0 = y=-1

Turning pointat (-1, 0).

X— 0,y — ©

X— — 0,y—> — ©

()y=0 = x= -2,1 (twice)
x=0 = y=2

Turning point at (1, 0).

X— 0,y — ©

X— — 0,y —> — ©
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VA

=y

(c)y=0 = x=2, —1 (twice)
x=0 => y=2
Turning pointat (-1, 0).

X— ©0,y—> — ©
X— — ©0,y— ©
VA
/R
T >
1 ﬁ X

(dy=0 = x=2, -1 (twice)
x=0 => y=-2

Turning pointat (-1, 0).

X— ©,y— ©

X— — 0,y—> — ©

VA

(e)y=0 = x=0 (twice), -2
Turning point at (0, 0).

X— ©,y— ©
X— — ©0o,y—> — ©

VA

a
f
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fHy=0 = x=0,1 (twice)
Turning point at (1, 0).

X— ©,Yy— ©

X— — 0o,y—> — ©

VA

[

/u ' X

(@y=0 = x=1(twice), -3
x=0 = y=3
Turning point at (1, 0).

X— 0,y — ©

X— — 0,y—> — ©
.}’Jh
:-1\‘_
=
/3 1 *

(h)y=0 = x=1(twice), 3
x=0 = y=3

Turning point at (1, 0).

X— ©0,y—> — ©

X— — ©0,y— ©

\“"‘

i\/\

)y=0 = x=0 (twice), 2
Turning point at (0, 0).

X— ©0,y—> — ©

X— — 0,y — ©
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VA

N

0 2\53

(y=0 = x=0 (twice), 2
Turning point at (0, 0).

X— ©,y— ®©
X— — 0o,y—> — ©

VA

/T

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise A, Question 3

Question:

Factorise the following equations and then sketehcurves:

(@)y=x3+x2-2x
(b)y = x3 + 5x2 + 4x
(©)y=x3+ 22 +x
(d)y=3x+ 22 -3
(e)y=x>-x
(y=x-x3
(@)y=12¢ - 3
(h)y=x3-x% - x
(i) y=x3- 9

() y=x3-9x
Solution:

@)y =x3+x2 - 2x = x(2 + X - 2)
Soy = x(x + 2)(x — 1)

y=0 = x=0,1, -2

X— ©,y— ©

X— — ©0,y—> — ©
Va
/f_hh"\ -
e — | [
2 U ¥

(b)y = x3 + 5x2 + 4x = x(x2 + 5x + 4)
Soy=x(x+ 4)(x + 1)

y:O > x=0, -4, -1

X— ©,y— ©

X— — 0,y—> — ©
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VA

2N
/4 .

) y=x3+2C+x=xXx%+ 2+ 1)
Soy = x(x + 1)

y=0 = x=0, -1 (twice)
Turning pointat (-1, 0).

X— ©,y— ©

X— — ©0o,y—> — ©

=y

VA

i
=
=Y

(d)y=3+2¢-x3=x(3+2X%-x)
Soy=x(3 -X)(1 +x)

y=0 = x=0,3, -1

X— 0,y—> — ©

X— — ©0,y—> ©

_Pjn

VAT
B ;;\

(e)y=x3-x2=x3x-1)
y=0 = x=0 (twice), 1
Turning point at (0, 0).

X— ©,y— ©

X— — 0,y—> — ©
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VA

/Mi

Hy=x-x3=x1-x9
Soy=x(1 -x)(1 +x)
y=0 = x=0,1, -1
X— ©0,y—> — ©
X— — ©0,y— ©

!

.
™

(9)y = 123 - 3x = 3x(4x2 -
Soy = 3x(2x - 1)(x + 1)

1 1
y=0 = x=0,3, -3
X— 0,y — ©
X— — 0,y—> — ©
A
0
1 1 X

(hy=x3-x2-2x=x(x2-x-2)
Soy=x(x+1) (x-2)

y=0 = x=0,-1,2

X— 0,y — ©

X— — 0,y—> — ©

file://C:\Users\Buba\kaz\ouba\c1 4 a 3.t

Page3 of 4

3/10/201:



Heinemann Solutionbank: Core Maths 1

A

/ID ) X

Hy=x3-9x=x(x2-9)
Soy=x(x-3) (x+3)
y=0 = x=0,3, -3
X— 0,y — ©

X— — 0,y—> — ©

S

VA

. /.
[N

()y=x-9¢=x*(x-9)
y=0 = x=0 (twice), 9
Turning point at (0,0).
X— ©,y— ©

X— — ©0o,y—> — ©

A

/
~J
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise B, Question 1

Question:

Sketch the following curves and show their posiioslative to the curve = x:
(@y=(x-2)

(b)y=(2-%°

(©y=(x-1)

(d)y=(x+2)

e)y=-(x+2?

Solution:

(@y=0 = x=2,s0 curve crossesaxis at (2, 0)
x=0 = y= -8, s0curve crossgsaxisat (0, - 8)

VA

Curve is a translation of + 2 indirection of the curvg = x°.

(b)y=0 = x=2,s0 curve crossesaxis at (2, 0)
x=0 = y=8, socurve crossgsaxis at (0, 8)
y=(2-x3= - (x - 2)3 so shape is likg = - x3

VA

file://C:\Users\Buba\kaz\ouba\cl 4 b 1.f 3/10/201:



Heinemann Solutionbank: Core Maths 1 Page2 of 2

This is a horizontal translation of + 2 of the cupve — x3.

(c)y=0 = x=1, so curve crossesaxis at (1, 0)
x=0 = y= -1, so0curvecrossgsaxisat (0, —1)
y = (x — 1)3is a horizontal translation of + 1 pf= x3.

VA

-y

(dy=0 = x= -2,s0curve crossasaxis at (-2, 0)
x=0 = y=8,s0curve crossgsaxis at (0, 8)
y = (x + 2)% is same shape gs= x3 but translated horizontally by - 2.

X
(e)y=0 = x= —2,so0curve crossasaxisat (-2, 0)
x=0 = y= -8, s0curve crossgsaxisat (0, - 8)
y= — (x+ 2)3is a reflection inx-axis ofy = — (x + 2)3.
YA
X

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise B, Question 2

Question:

Sketch the following and indicate the coordinatethe points where the curves cross the axes:
@y = (x+3)°

(b)y=(x - 3)°

©y=(@1-%3

@y= - (x- 2P
@y= - (x- 5)°

Solution:

(@y=0 = x= -3, so0curvecrossasaxisat (-3, 0)
x=0 = y=27,s0 curve crossgsaxis at (0, 27)
y = (x + 3)3is a translation of — 3 ir-direction ofy = x3.

VA

=y

(b)y=0 = x=3, s0 curve crossesaxis at (3, 0)
x=0 = y= —27,socurve crossgsaxis at (0, — 27)
y = (x — 3)3is a horizontal translation  + 3 of y = x3.
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=y

(c)y=0 = x=1, so curve crossesaxis at (1, 0)
x=0 = y=1,s0curve crossgsaxis at (0, 1)
y = (1 - x)3is a horizontal translation gf= — x3.

VA

=Y

Horizontal translation + 1 of = — x3.

(dy=0 = x=2,s0 curve crossesaxis at (2, 0)
x=0 = y=8,s0curve crossgsaxis at (0, 8)

y= — (x— 2)%is a translation ( + 2 ir-direction) ofy = — x°.
VA
8
X
2 :
1 1

(e)y=0 = x= 7, socurve crossesaxis at (; ,0)
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1 1
x=0 = y= 3,socurvecrossgsaxisat (0,7 )

1 1
y= - (x- 3)%is a horizontal translation (% ) gf= -3
A
\
8\ -
1 X
2

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise C, Question 1

Question:

Sketch on the same diagram
y= Xgandy = Xi

Solution:

4 2
Forx>0,7 > 7 (since 4 >2)

4 H . 1 E H 3 I
So 7 is‘ontop’ of” in 1st quadrant and ‘below’ id3uadrant

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise C, Question 2

Question:
Sketch on the same diagram

2 2
y= Jandy= - |

Solution:

2
y= 3 >0forx>0

2
y= -, <0forx>0

YA

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise C, Question 3

Question:

Sketch on the same diagram

il 2
y= - Landy= - 7
Solution:
1
Graphs are likg = — 7-and so exist in 2nd and 4th quadrants.
2 2
Forx< 0, - <> 3

4 [ ’ H ¢ !
So - L is‘ontop’of — 7" in 2nd quadrant and ‘below’4th quadrant.

YA

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise C, Question 4

Question:

Sketch on the same diagram
3 8

y= Landy= 7

Solution:

8 _3
Forx>0,x >

8 3
Soy = is‘ontop’ ofy = T"in 1st quadrant and ‘below’ in 3rd quadrant.

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\cl 4 c 4.r 3/10/201:



Heinemann Solutionbank: Core Maths 1 Pagel of 1
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Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise C, Question 5

Question:

Sketch on the same diagram

3 8

y= - Landy= - 7
Solution:

8 2
Forx<0, - 7 > -7

8. 3. :
Soy= - [is‘ontop’ ofy= - T7in 2nd quadrant and ‘below’ in 4th quadrant.
YA

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise D, Question 1

Question:
In each case:
(i) sketch the two curves on the same axes

(ii) state the number of points of intersection

Pagel of 6

(i) write down a suitable equation which wouldrgithex-coordinates of these points. (You are not requioesblve

this equation.)

@)y =x%y=x(-1)

3
P)y=x(x+2),y= -
©y=x3y=(x+1)x~ 1)

2

dy=x31-x.y= -
1
(e)y=x(x-4),y=

Hy=xx-4.y= - 1

@y=x(x-4),y=(x-2?
(y=-Xy= -y
y=-x3y=x
Qy=-xy= -x(x+2)
Solution:

(a) (i) y = X2 is standard
y=x(@ - 1) =x(x - 1)x + 1)
y=0 = x=0,1, -1
X— ©,y— ©

X— — ©0,y—> — ©
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y=x(x%-1)

(i) y = X2 cutsy = x(x2 — 1) in 3 places.

(iii) Solutions given by = x(x2 - 1)

(b) )y=x(x+2)isa U -shaped curve

y=0 = x=0, -2

3. 1
y= - [islkey= - =

Vh

z\/ 0 X

(i) Curves cross at only 1 point.
. 3
(iii) Equation: - 7= =x(Xx + 2)

(c) (i) y = X% is standard
y=(x+ 1)K - 1)°

y=0 = x= -1,1 (twice)
Turning point at (1, 0)

X— o,y— + o©

X— — ©0o,y—> — ©
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2 VA The cubic curve will be

. 3 steeper than the quadratic
3 } and 50 a crossing ocours
here

y=x+1)x-1)%2

=Y

(i) 3 points of intersection
(iii) Equation:x2 = (x + 1)(x — 1)?

(@) ()y=x¥1-x
y=0 = x=0 (twice), 1
Turning point at (0, 0)

X— ©0,y—> — ©
X— — ©0,y— ©

2 1
y= - Lislikey= - J"and in 2nd and 4th quadrants

VA

(i) 2 points of intersection
(iii) Equation: = 7~ =x(1 -X)
(e)(l)y=x(x-4)isa U -shaped curve

y=0 = x=0,4

1
y = 7 is standard

file://C:\Users\Buba\kaz\ouba\c1 4 d 1.f 3/10/201:
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A

y =:rf_1r - 4)

(i) 1 point of intersection
o1
(iii) Equation: T =x(x — 4)

MO @y=x(x-4)isa U -shaped curve
y=0 = x=0,4

1
y = - L isstandard and in 2nd and 4th quadrants
Atx=2,

1. 1
y= - ;givesy= - 3
y=X(x—4)givesy=2(-2)= -4

1
Soy = - cutsy = x(x — 4) in 4th quadrant.
VA

(i) 3 points of intersection
.1
(iii) Equation: = 3 =x(x - 4)

(@ ()y=x(x-4)isa U -shaped curve
y=0 = x=0,4

y = (x — 2)3is a translation ¢ + 2 in thex-direction ofy = x3.

_4)
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A

v =..T|[.;T - 4)

(i) 1 point of intersection

(iii) x(x — 4) = (x - 2)3

(h) () y = - x3is standard
2 1
y= - Lislikey= - T"andin 2nd and 4th quadrants.
ik
2
Y=-x _ 2
\ =y
’ .
,,,,, X
<« y=-X

(i) 2 points of intersection
2 .2
(i) —x3= - Torxd=

() () y= - x3is standard
y = X2 is standard

»A

(ii) 2 points of intersectic

file://C:\Users\Buba\kaz\ouba\c1 4 d 1.f
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[At (0,0) the curves actually touch. They interdedhe second quadrant.]
(i) X2 = -x3
() () y= - x3is standard

y= —-X(x+2)is N shaped
y=0 = x=0, -2

=y

- s steeper than
} =[x+ 2) and so wall

cross over n dth

quadrant

(i) 3 points of intersection
(i) —x3= —x(x+2) orx3=x(x +2)

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise D, Question 2

Question:
(a) On the same axes sketch the curves givgr=by?(x — 4) andy = x(4 - X).

(b) Find the coordinates of the points of interget

Solution:

(@)y =x*(x - 4)

y=0 = x=0 (twice), 4
Turning point at (0, 0)
y=x(4-x)is N shaped
y=0 = x=0,4

VA
y =x2(x - 4)
0 .
yv=x(4-x)

(b) X(4 = X) = X3(x — 4)
> 0=xX3(x-4)-x(4-%
Factorise: 0 x(x — 4)(x + 1)
So intersections at=0, — 1,4
So points are [usiny =x(4 - x)] (0,0); (-1, - 5); (4,0

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise D, Question 3

Question:
(a) On the same axes sketch the curves given=by(2x + 5) andy = x(1 + x)2

(b) Find the coordinates of the points of interget

Solution:

(ay=x(2x+5)is U shaped
5

y=0 = x=0, -3

y =x(1 +x)?

y=0 = x=0, -1 (twice)

Turning pointat (-1, 0)

X— ©,y— ©

X— — 0,y—> — ©

=Y

y=x(2x + 5)

(b) x(1 +X)2 = x(2x + 5)
> X[X¥+2&X+1-(%+5)] =0
> x(x-4)=0
=> Xx-2)x+2)=0
= x=0,2, -2
So points are [usiny = x(2x + 5)]: (0,0) ; (2,18); (-2, - 2)

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise D, Question 4

Question:
(a) On the same axes sketch the curves given=bgx — 1)3 andy = (x — 1)(1 +X).

(b) Find the coordinates of the points of interget

Solution:

(@)y = (x - 1)%is likey = x3 with crossing points at (1, 0) and (0, — 1)
y=(x-1)(@+x)isa U -shaped curve.
y=0 = x=1, -1

A

(b) Intersect wherx(— 1)3 = (x — 1)(x + 1)
ie.x-1P8-(x-1)x+1)=0
> (x-1)[x¥-2+1-(xx+1)] =0
> (x-1)K2-3x=0
> (xX-1x-3x=0
= x=0,1,3
So intersections {0, —1); (1,0); (3, 8)

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise D, Question 5

Question:

27

(a) On the same axes sketch the curves given=by? andy = - N

(b) Find the coordinates of the point of intersat.

Solution:

27 1 .
(@y= - T islikey= - T andin 2nd and 4th quadrants.

y = X2 is standard

y=x°
"""" »
X
27
y=-%
27
(b) - 5 =3
> -27=x
> X= -
Lo z
Substitute iy= - -~ = y=9

So intersection ¢( — 3, 9)

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise D, Question 6

Question:
(a) On the same axes sketch the curves given=by? — 2x andy = x(x — 2)(x — 3).

(b) Find the coordinates of the point of intersat.

Solution:

@y =x(x-2)x-3)
y=0 = x=0,2,3
y=x2-2x=x(x-2)is U shaped
y=0 = x=0,2

y=x(r -2} (- 3)

(b) x(x = 2) =x(x — 2)(x — 3)

=> 0=x(x-2)x-3-1)

=> 0=x(x—-2)x-4)

= Xx=0,2,4
Substitute iy=x(x-2) = y=0,0,8
So intersections 0, 0); (2, 0); (4, 8)
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Sketching curves
Exercise D, Question 7

Question:
2
(a) On the same axes sketch the curves givgn=y?(x — 3) andy = -

(b) Explain how your sketch shows that there afg two solutions to the equatiod(x — 3) = 2.

Solution:

@)y =x¥x-3)
y=0 = x=0 (twice), 3
Turning point at (0, 0)

2 1
y= Yislikey=

(b) Curves only cross at two points. So two sohsito
2
< = Xx - 3)

2=x3(x-23)
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Sketching curves
Exercise D, Question 8

Question:
(a) On the same axes sketch the curves given=bgx + 1)3 andy = 3x(x — 1).

(b) Explain how your sketch shows that there iy amle solution to the equatix3® + 6x + 1 = 0.

Solution:

(@)y = (x + 1)%is likey = x3and crosses at (- 1, 0) and (0, 1).
y=3(x-1)is U shaped
y=0 = x=0,1

.:":_1»' =3x(x-1)

1
—
—
“y

y=(x+1)°

(b) Curves only cross once. So only one solution to
(x+ 18 =3x(x- 1)

¥+ 3T +X+1= 3T - X

xXX+6x+1=0

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 9

Question:
1
(a) On the same axes sketch the curves givgrneby,-andy = — x(x — 172

(b) Explain how your sketch shows that there arsaiotions to the equaticl + x2(x — 1)2 = 0.

Solution:

@y= -x(x- 1)

y=0 = x=0,1 (twice)
Turning point at (1, 0)
X— ©0,y—> — ©

X— — ©0o,y— ©

y=-x(x- 1)

(b) Curves do not cross, so no solutions to
1
= —X(x— 1)

1= —x¥x - 1)
1+Xx(x-1)2=0
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Sketching curves
Exercise D, Question 10

Question:
(a) On the same axes sketch the curves given=by — 4x2 andy = x(x — 2)2.

(b) State, with a reason, the number of solutiorthé equatiox3 + 4x — 1 = 0.

Solution:

@y = x(x - 2

y=0 = x=0,2 (twice)

Turning point at (2 , 0)

X— ©,y— ©

X— — ©0o,y—> — ©

y=1-42=(1-2)(1+2)is N shaped
1

y=0 = x= Py 5

VA

(b) Curves cross once. So one solution to
1-42=x(x- 202

1 - 4 = X(x? = 4x + 4)
1-4¢C=x3- 42+ 4x

0=x3+4x-1

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 11

Question:
(a) On the same axes sketch the cyrvex® — 3x2 - 4x and the ling/ = 6x.

(b) Find the coordinates of the points of interget

Solution:

(@)y=x3-3x% - 4x=x(x2 - 3x - 4)
Soy=x(x—-4)(x+ 1)

y=0 = x=0,-1,4

X— 0,y — ©

X— — 0,y—> — ©

y = 6xis a straight line through (0, 0)

y=x-3x%- dx

(b) x3 — 3x2 — 4x = 6x
=> x3-3%-1x=0

=> Xx(X-3x-10)=0
=> X(x-5x+2)=0
= x=0,5, -2
So (usingy = 6x) the points of intersection ar(0, 0); (5,30); (-2, —-12)
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Sketching curves
Exercise D, Question 12

Question:
(a) On the same axes sketch the cyrve(x2 — 1)(x — 2) and the ling/ = 14x + 2.

(b) Find the coordinates of the points of interget

Solution:

@y=0¢-1)x-2)=x- 1)K+ 1)x-2)
y=0 = x=1, -1,2

x=0 => y=2

X— 0,y — ©
X— — 0,y—> — ©

1
y = 14x + 2 is a straight line passing through (0, 2) and { = 0).

A

Ay=14x+2

y= (x2-1)(x- 2)

o
=y

(b) Intersection when ¥+ 2 = (x2 — 1)(x — 2)
> 1K+2=x3-2%-x+2

=> 0=x3-2¢-15
=  0=x(x%-2x-15)
= 0=x(x-5)x+3)
= x=0,5 -3
So (usingy = 14x + 2) the points of intersection a1(0, 2); (5, 72); (-3, —40)
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Sketching curves
Exercise D, Question 13

Question:
(a) On the same axes sketch the curves with eausatio (x — 2)(x + 2)2 andy = — x2 - 8.

(b) Find the coordinates of the points of interget

Solution:

@y = (x-2)(x+ 2y

y=0 = x= -2 (twice), 2

x=0 = y=-8

Turning pointat (- 2, 0)

X— 0,y — ©

X— — 0,y—> — ©

y= —x2-8is N shaped with a maximum at (0, — 8)

(b) Intersections when x2 — 8 = (x + 2)2(x — 2)
> -x-8=+4x+4)Xx-2)
- -8=x3+ 42 +4x-2%-8-8
0 =x3+ 3x% - 4x
0 =x(x% + 3x - 4)
O0=x(x+4)x-1)
= x=0,1, -4
So (usingy = - x2 - 8) points of intersection ar(0, - 8); (1, - 9); (-4, - 24)

U R
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Sketching curves
Exercise E, Question 1

Question:
Apply the following transformations to the curveghnequations = f(x) where:
(i) f(x) = x2

(ii) f(x) = 3
(iii) f(x) = Xi

In each case state the coordinates of points whereurves cross the axes and in (iii) state thegans of any
asymptotes.

(@) f(x + 2)

(b) f(x) + 2

(c) f(x-1)

(d) f(x) - 1

(e)f() -3

() f(x - 3)

Solution:

(a) f(x + 2) is a horizontal translation of - 2.

()y=x>—y=(x+2F

VA

-2 ¥

([y=x3>y=(x+2)3
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VA

Asymptotesx = — 2 andy =0
(b) f(X) + 2 is a vertical translation of + 2.

()y=x*—>y=x+2

U/

2

(iHy=xC->y=x3+2

yﬂj
2
—

ST X

[y

1 L
(iyy= T —y= 7 +2
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VA

Asymptotesx = 0 andy = 2
(c) f(x — 1) is a horizontal translation of + 1.

()y=x>—>y=(x-1¢

YA

|

1

(i) y=x—>y=(x-1)

A

= Y

—“\1\ :

\

Asymptotesx =1,y =0

(d) f(x) — 1 is a vertical translation of - 1.

Hy=x*—>y=x-1
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VA

-1 1
-1

(iy=xC->y=x3-1

VA

=y

Asymptotesx =0,y= -1
(e) f(x) — 3 is a vertical translation of — 3.
()y=x*—>y=x*-3

r1,»'.“.

X

-

(iy=x—->y=x3-3
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Asymptotesx =0,y= - 3
(f) f(x — 3) is a horizontal translation of + 3.

(i)y=x2—y=(x-3)

(i) y=x—>y=(x-3)

W v:h

-27,

1
(ii)y= T —=y= 3
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—
__""‘i'-\ \; X

Asymptotesx =3,y =0

VA

© Pearson Education Ltd 2C
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Sketching curves
Exercise E, Question 2

Question:
(a) Sketch the curve= f(x) where fk) = (x — 1)(x + 2).
(b) On separate diagrams sketch the graphs pi(il(x + 2) (ii) y = f(X) + 2.

(c) Find the equations of the curwes f(x + 2) andy = f(X) + 2, in terms ok, and use these equations to find the
coordinates of the points where your graphs in {mgrecross thy-axis

Solution:

@f)=0 = x=1, -2

VA v =)

\_|/,

-2"\_5_/ 1

(b)(i) f(x + 2) is a horizontal translation of — 2.

VA

/_1.f= flx + 2)

“Y

(i) f(x) + 2 is a vertical translation of + 2

VA
\ / y=1()+2
>
~o X
1
Since axis of symmetry of{]is atx = - 7, the same axis of symmetry applies 9 2. Since one root is at= 0,

the other must be symmetricxat - 1.

(c)y=f(x+2)isy=(x+1)(x+4).Sox=0 = y=4
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y=f(x) +2isy=x2+x=x(x+1).Sox=0 = y=0
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Sketching curves
Exercise E, Question 3

Question:
(a) Sketch the graph gf= f(x) where f&) = x3(1 - x).
(b) Sketch the curve with equatigre f(x + 1).

(c) By finding the equation%(+ 1) in terms of, find the coordinates of the point in part (b) whehe curve crosses the
y-axis
Solution:

@y =x*(1 - x)
y=0 = x=0 (twice), 1
Turning point at (0, 0)

X— ©0,y—> — ©
X— — ©o,y— ©
_}-'.lh

(b) f(x + 1) is a horizontal translation of - 1.

VA

T 0 X

v="Ilx+1)

©f(x+1)=+1P[1-(x+1)] = - (x+ 1)
Soy=0 = x=0,i.e.curve passes through (0, 0).

© Pearson Education Ltd 2C
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Sketching curves
Exercise E, Question 4

Question:
(a) Sketch the graph gf= f(x) where f&) = x(x — 2)2.
(b) Sketch the curves with equations f(x) + 2 andy = f(x + 2).

(c) Find the coordinates of the points where ttaphbrofy = f(x + 2) crosses the axt

Solution:

@y =x(x - 2

y=0 = x=0, 2 (twice)
Turning point at (2 , 0)
X— ©,y— ©

X— — ©0o,y—> — ©

VA y=fx)

=y

T
0

(b)

i
™o
=
(R
-y

v="fx+2)

(c)f(x + 2) =0 at points wher(x +2) [ (x +2) - 2] 2=0
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> (X+2)®?%=0
= Xx=0andx= -2
So graph crosses axe<(0,0); (-2, Q).
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Sketching curves
Exercise E, Question 5

Question:
(a) Sketch the graph gf= f(xX) where fk) = x(x — 4).
(b) Sketch the curves with equations f(x + 2) andy = f(x) + 4.

(c) Find the equations of the curves in part (eims ofx and hence find the coordinates of the points whereurve:
cross the axe

Solution:

(@y=x(x-4)is U shaped and passes though (0, 0) and (4, 0).

h y =)

=Y

0 A

(b) f(x + 2) is a horizontal translation of - 2.
YA

4

- v=1fx+2)

f(x) + 4 is a vertical translation « + 4.
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y=1x)+4

4 _\

-2 2
-4 -

=y

©fx+2)=x+2)[(x+2)-4] =x+2)(x-2)

y=0 = x=-2,2

f(X) +4=x(x—4)+4=x2-4x+4=(x-272

y=0 = x=2

The minimum point oty = f(x) is whenx = 2 (by symmetry) and then f(2) = - 4.
Soy = f(x + 2) crosseg-axisat (0, - 4)

andy = f(x) + 4 touchewx-axis at(2 , 0).
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Sketching curves
Exercise F, Question 1

Question:

Apply the following transformations to the curveghnequations = f(x) where:

() f(x) = x

(ii) f(x) = x@

1
(i) () = T

In each case show botkxf@nd the transformation on the same diagram.

(@) (29

(b) f( =)
1
(©) (2%
(d) f(4x)
1
(€) f(3%)

(f) 2f(x)
(@) -

(h) 4f(x)
1
(i) 21(x)
1
() 2%
Solution:
(a) f(2) means multiplyi-coordinates by;' .

() y=x2 > y=(2¥)2 = 4x2
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(i) y =2 —y=(20°= 8

A f(2x)

0 )y = —y=(-0?=x

VA

() y=r—y=(-x2= -

YA

\ )

f(=x)
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1 1 1
(i)y=73 —y=",=-%
VA
e
. -

...... X

.

f(=x)

Iy
f(5x)

(i) y=x>y=(3%= 5

(d) () y =x2 -y = (4x)% = 16x?
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A f (4x)

r:,'n.“_x]

X
(i) y=x® > y = (43 = 643

VA

. 1 x3
([i)y=x3>y=(7%3= &
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M y=x2—>y=22
va 2fl)
‘u

e

X

(iy=x—->y=23

YA i)
.'Ii'rf
=
2((x)

1
(i) y = ;—>y:2>< T X
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R
' »
X

I
‘\ )

@@Oy=xX—y=-x

VA F Lff}

£(x)

(i)y=x*—>y=-x

J .:III"‘HI]

() @)y = —y =42

»>
A
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(iy=x3—>y=4x3

VA

j ,-""Il“{.:rl
P~
.'I‘-I x
%—M{x}

) ﬂ 1__ fx)

OO y=x—>y= 3

X
L)

1
(iy=x3—>y= 7%

AL
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(i) y=—y= 1

vk 1)
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Sketching curves
Exercise F, Question 2

Question:
(a) Sketch the curve with equatigr f(x) where f§) = x2 - 4.

(b) Sketch the graphs y = f(4x), y = 3f(x), y = f( — x) andy = — f(x).

Solution:

(a)y=x2-4=(x-2)x+2)andis U shaped
y=0 = x=2, -2

VA y=fx)

. 1 .
(b) f(4x) is a stretch X, horizontally

YAy =1(4x)
_I-
1 1 4
2 2
-4

3f(x) is a stretch x3 vertically

VA
y=23f(x)

-12

f( - x) is a reflection iry-axis
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N

-

- f(x) is a reflection irx-axis

4| y=-1x)
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Sketching curves
Exercise F, Question 3

Question:

(a) Sketch the curve with equatiprr f(X) where &) = (x — 2)(x + 2)x.
1
(b) Sketch the graphs gf= f( 5 x), y = f(2x) andy = - f(x).

Solution:

@y = (x-2)x+2)x
y=0 = x=2,-2,0
X— ©,y— ©

X— — 0,y—> — ©

W y=1)

i

[ 0 \-/2 ."['r

1
(b) f( 3X) is a stretch x 2 horizontally

f(2x) is a stretch x7  horizontally
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W =12

f 0 \Ji x

- f(x) is a reflection ik-axis

VA

0/ N\

-2 2

=Y

y=-tx)
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Sketching curves
Exercise F, Question 4

Question:

(a) Sketch the curve with equatigr f(x) where f§) = x2(x — 3).

(b) Sketch the curves with equaticy = f(2x),y = - f(x) andy = f( — x).

Solution:

@)y =x*(x - 3)

y=0 = x=0 (twice), 3
Turning point at (0, 0)
X— 0,y — ©

X— — 0,y—> — ©

Y .
L. S

[{x)
A
X

\/ ;

1
(b) f(2x) is a stretch x7 horizontally

My =f(2x

o |
3
2

)
: 2
X

- f(x) is a reflection ink-axis

A
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f( - X) is a reflection iry-axis

A
A

© Pearson Education Ltd 2C
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Sketching curves
Exercise F, Question 5

Question:

(a) Sketch the curve with equatipr f(X) where &) = (x — 2)(x — 1)(x + 2).

1
(b) Sketch the curves with equations f(2x) and (3 X).

Solution:

@y=Kx-2)x-1)x+2)
y=0 = x=2,1, -2
x=0 = y=4

X— ©,y— ©

X— — 0,y—> — ©

1
(b) f(2x) is a stretch x7 horizontally

ya y=1{(2x)

A

! 1 X

1
f( 3X) is a stretch x 2 horizontally
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r1,»'.“.

/\‘1 y= f{éﬂ'}
\M..._...ﬂ >

L4 2 4 X
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Sketching curves
Exercise G, Question 1

Question:

The following diagram shows a sketch of the cunith wquationy = f(x). The pointsA(0, 2),B(1, 0),C(4, 4) andD(6,
0) lie on the curve.

y A

Sketch the following graphs and give the coordigatethe point#\, B, C andD after each transformation:
(a) fx + 1)

(b) f(x) - 4

(c) f(x + 4)

(d) f(2)

() 3f()

1
() f( 2%

1
(9) 2

(h)f(-x)
Solution:

(a)f(x + 1) is a translation ¢ — 1 horizontally
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YA

(3, 4)

(-1. 2)

(0, 0)

A(-1,2),B(0,0);C(3,4)D'(5,0)

(b) f(X) — 4 is a vertical translation of - 4.

A, - 2);B(L, - 4)C(4,0);D'6, - 4)

(c) f(x + 4) is a translation of — 4 horizontally.

VA
(0, 4)

(4, 2)
@0

(-3, 0) \ X

A(-4,2);B(-3,0)C'(0,4);D'(2,0)

1
(d) f(2x) is a stretch of, horizontally.

(0, 2)

(. 0)
A0, 2);B( % ,0);C(2,4);D'(3,0)

(e) 3f(x) is a stretch of 3 verticall
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(4, 12)

(6. 0)

o\ ¥

A'(0, 6);B(1, 0);C'(4,12);D'(6, 0)

1
(f) f( %) is a stretch of 2 horizontally.

rl’-l

(8, 4)
©.2) /\
‘ 2. 0) (12, )\ X

A'(0, 2);B(2, 0);C(8, 4);D'(12, 0)
1 1
(9) 7 f() is a stretch of, vertically.

.-.v‘

(4, 2)
(0, 1) ,c\/x\[ﬁ. 0)

(1. 0) \ x

A'(0, 1);B(1,0);C'(4, 2);D'(6, 0)

(h) f( = x) is a reflection is thg-axis.

(4,4 7

A'(0,2);B(-1,0);C(—-4,4);D(-6,0)

© Pearson Education Ltd 2C
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Sketching curves
Exercise G, Question 2

Question:

The curvey = f(X) passes through the origin and has horizontal psytely = 2 and vertical asymptote= 1, as shown
in the diagram.

VA

Sketch the following graphs and give the equatafreny asymptotes and, for all graphs except (g goordinates of
intersections with the axes after each transfoonati

(@) i) + 2
(b) f(x + 1)
(c) 2f(x)

(d) f(x) - 2

(e) (29

1
() f( 2%

1
(9) 2

(h) —f(x)
Solution:

(a)f(x) + 2is a translation c + 2 in a vertical directiot
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A

.....................................................

._.
=y

Asymptotesx = 1,y = 4. Intersections: (0 , 2) and ( 0), where 0 <a < 1.

(b) f(x + 1) is a horizontal translation of — 1.

A

Asymptotesx = 0,y = 2. Intersections: (-1, 0)

(c) 2f(x) is a stretch of 2 in a vertical direction.

Asymptotesx = 1,y = 4. Intersections: (0, 0)

(d) f(x) — 2 is a vertical translation « - 2.
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VA

Y

N

W

Asymptotesx = 1,y = 0. Intersections: (0, - 2)

1
(e) f(2) is a stretch of, in a horizontal direction.

VA

=Y

1
Asymptotesx = 7,y = 2. Intersections: (0, 0)

1
(f) f( 3 x) is a stretch of 2 in a horizontal direction.

AL

Asymptotesx = 2,y = 2. Intersections: (0, 0)

1 1
(9) 7 f(x) is a stretch of, in a vertical direction.
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A

Y S P

Asymptotesx = 1,y = 1. Intesections: (0, 0)

(h) - f(x) is a reflection in the-axis.

A

i

Asymptotesx = 1,y = - 2. Intersections(0 , Q)

© Pearson Education Ltd 2C
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Sketching curves
Exercise G, Question 3

Question:

The curve with equation = f(x) passes through the poi®t6- 4, - 6),B(-2, 0),C(0, - 3)andD(4, 0) as shown
in the diagram.

Y

=y

Sketch the following and give the coordinates ef plointsA, B, C andD after each transformation.
(@) fx-2)

(b) f(x) + 6

(c) (2

(d) f(x + 4)

(e) fx) + 3

(f) 3f(x)

1
(9) 3

1
(h) (%)

(i) -3

0 f(-x%
Solution:

(a)f(x — 2) is a horizontal translation 1 + 2.
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(-2, -6)

A(-2, -6);B(0,0);C'(2, —3);D'(6,0)

(b) f(X) + 6 is a vertical translation of + 6.

Va

(-2, 6)

=Y

A(-4,0);B(-2,6)C(0,3);D'(4,6)

1
(c) f(2¥) is a horizontal stretch of

VA

(-2, -6)

A(-2, -6);B(-1,0);C(0, -3);D'(2,0)

(d) f(x + 4) is a horizontal translation of — 4.

VA
. /.
0 X
(-4, -3)
(-8, -6)

A(-8, -6);B(-6,0),C(-4, —-3);D(0,0)

(e)f(x) + 3is a vertical translation ¢ + 3.
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Y
(-2, 3)

(-4, -3)

A(-4, -3);B(-2,3);C(0,0);D'(4,3)

(f) 3f(x) is a vertical stretch of 3.

A

-2
4
9
(-4, -

ey

18)
A(-4, -18)B(-2,0),C(0, -9);D(4,0)

L 1
(9) 5 f(x) is a vertical stretch of .

A
2

RN

(-4, -2)

»
¥

b

A(-4, -2);B(-2,0)C(0, -1);D'4,0)

1
(h) f( 3 %) is a horizontal stretch of 4.

5 [
16 x
3
(-16, -6)
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A(-16, -6);B(-8,0);C'(0, —3);D'(16, 0)

(i) - f(x) is a reflection in the-axis.

A
(-4, 6)

3 f”#_H““\\

A'(-4,6);B(-2,0)C'(0,3);D'(4,0)

() f( - x) is a reflection in thg-axis.

N

(4, -6)

=y

A'(4, -6);B(2,0);C(0, -3);D'(-4,0)
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Sketching curves
Exercise G, Question 4

Question:

A sketch of the curvg = f(X) is shown in the diagram. The curve has vertisghgtotex = - 2 and a horizontal
asymptote with equation= 0. The curve crosses theaxis at (0, 1).

Vh

1 \.\

[
=
Ly

(a) Sketch, on separate diagrams, the graphs of:

(i) 2f(x)

(i) f(2x)

(iii) f(x = 2)

(iv)f( -1

W) f(=%)

(vi) —1(x)

In each case state the equations of any asymgntksf possible, points where the curve cuts tesa
(b) Suggest a possible equationf(x).

Solution:

(a) (i) 2f(x) is a vertical stretch of
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Asymptotesx = — 2,y = 0. Intersections: (0, 2)

1
(ii) f(2x) is a horizontal stretch of

Va

=y

Asymptotesx = — 1,y = 0. Intersections: (0, 1)

(i) f(x — 2) is a translation of + 2 in thedirection.

VA

Asymptotesx = 0,y = 0. No intersections with axes.

(iv) f(x) — 1is a translation ¢ — 1 in they-direction
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VA

Asymptotesx = — 2,y = — 1. Intersections: (0, 0)

(v) f( = x) is a reflection in thg-axis.

YA

Asymptotesx = 2,y = 0. Intersections: (0, 1)

(vi) —f(x) is a reflection in the-axis.

VA

Asymptotesx = — 2,y = 0. Intersections: (0, - 1)

k
(b) The shape of the curve is like= 7", k> 0.

x = — 2 asymptote suggests denominator is zero when- 2, so denominator s+ 2.
Also, f(0) = 1 means 2 required on numerator.

2
9= %2
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Sketching curves
Exercise H, Question 1

Question:

(a) On the same axes sketch the graplysof3(x — 2) andy = 2x — x2.

(b) By solving a suitable equation find the poiotsntersection of the two grap!

Solution:

@)y =x(x - 2)

y=0 = x=0 (twice), 2
Turning point at (0, 0).
X— 0,y — ©

X— — 0,y—> — ©

y=2-x2=x(2-x)is N shaped
y=0 = x=0,2

y=x(x-2)

|
i‘_" ¢
et
L

y=2x-x°

(b) X3(x - 2) =x(2 - X)
> X(x-2)-x2-x=0
=> X(x-2)x+1)=0
> x=0,2, -1

Usingy = X(2 - X) the points of intersection are:
(0,0;(2,0:(-1, -3

© Pearson Education Ltd 2C
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Sketching curves
Exercise H, Question 2

Question:
6
(a) On the same axes sketch the curves with equsatie I andy =1 +x.

(b) The curves intersect at the poiAtandB. Find the coordinates &fandB.
(c) The curve C with equation= x2 + px + g, wherep andq are integers, passes throuyandB. Find the values gf andq.

(d) Add C to your sketc

Solution:

6 1
(@)y= x is likey = ;andy =1 +xis a straight line.

(b)xE =1+X

6=x+x
0=x2+x-6
0=x+3)Xx-2)
x=2, -3

SoAis (-3, -2)Bis (2, 3)

U

(c) Substitute the poins andB intoy = x2 + px + 0
A = -2=9-3+q0
B = 3=4+2+q®

O-@: -5=5-5p
=> p=2
> q= -5

(dy=x2+2%-5=x+12-6 = minimumat(-1, -6)

© Pearson Education Ltd 2C
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Sketching curves
Exercise H, Question 3

Question:

The diagram shows a sketch of the curwef(x). The pointB(0 , 0) lies on the curve and the poi{8 , 4) is a
maximum point. The ling = 2 is an asymptote.

A (3, 4)

e i

Sketch the following and in each case give the dioates of the new positions AfandB and state the equation of the
asymptote:

(a) (29

1
(b) ()

(©) f(x) - 2
(d) f(x + 3)
(e) fx = 3)

M) +1
Solution:

1
(a) f(24) is a horizontal stretch of

M AC
y=2
/ .,.
B0, m/u X

3
A(5 ,4);B(0, 0). Asymptotey = 2.
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1 1
(b) 3 f(¥) is a vertical stretch of .

VA

A3, 2)

y=1

/ B0, 0) X

A'(3, 2);B(0, 0). Asymptotey = 1.

(c) f(x) — 2 is a vertical translation of — 2.

VA

B0, —2}/

A3, 2);B(0, - 2). Asymptotey = 0.

A3, 2)

=V

(d) f(x + 3) is a horizontal translation of — 3.

A'(0, 4);B'( - 3, 0). Asymptotey = 2.

(e) f(x — 3) is a horizontal translation of + 3.

1A

A6, 4)

=y

/‘B’{E. 0)

A'(6, 4);B'(3, 0). Asymptotey = 2.

(f) f(x) + 1 is a vertical translation ¢ + 1.
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A'(3,5); B0, 1). Asymptotey = 3.
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Sketching curves
Exercise H, Question 4

Question:

The diagram shows the curve with equatjon5 + 2x — x2 and the line with equation= 2. The curve and the line
intersect at the points andB.

VA

yv=5+2x-2a°
Find thex-coordinates oA andB. [El

Solution:

2=5+X-x2

X¥-2x-3=0

x-3)x+1)=0

x=-13

© Pearson Education Ltd 2C
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Sketching curves
Exercise H, Question 5

Question:

The curve with equation = f(X) meets the coordinate axes at the points ( — 1 40)0} and (0, 3), as shown in the
diagram.

(-1, 0)

Using a separate diagram for each, sketch the auitheaquation

(@y="f(x-1)

(b)y= —1(x)

On each sketch, write in the coordinates of thatsat which the curve meets the coordinate {E]

Solution:

(a) f(x — 1) is a translation of + 1 in thedirection.

VA
y=f(x-1)

(0, 0) X

(b) - f(x) is a reflection in thx-axis
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\ |l @oy
L. m\
(0, -3)
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Sketching curves
Exercise H, Question 6

Question:

The figure shows a sketch of the curve with equatie f(x).

1k

In separate diagrams show, for —Z x < 2, sketches of the curves with equation:

@y=f(-x

(b)y= -1

Mark on each sketch ttx-coordinate of any point, or points, where a cuougehes or crosses tx-axis. [E]

Solution:

(a) f( = x) is a reflection in thg-axis.

(b) - f(X) is a reflection in the-axis.

A

0 [

/ vy =-f{x)

© Pearson Education Ltd 2C
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Sketching curves
Exercise H, Question 7

Question:

The diagram shows the graph of the quadratic fandtiThe graph meets tlxeaxis at (1 , 0) and (3, 0) and the
minimum pointis (2, — 1).

f'::.‘f] -

=y

(a) Find the equation of the graph in the form f(x).
(b) On separate axes, sketch the graphs of

(i) y=1(x+2)

(ii) y = f(2x)

(c) On each graph write in the coordinates of thiatg at which the graph meets thaxis and write in the coordinates
of the minimum point[E]

Solution:

(a) Lety = a(x - p)(x — q)

Since (1, 0) and (3, 0) are on the curve thenl,q=3
Soy=a(x—-1)(x - 3)

Using(2, -1) = -1=al)(-1) = a=1

Soy=(Xx-1)(x-3)=x2-4x+3
(b) () f(x + 2) = (x + 1)(x — 1), or translation of — 2 in thedirection.
VA
Lo\ /0.0 X
(0, -1)

(i) f(2x) = (2x — 1)(2x — 3), or horizontal stretch 0%
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