4.5 Answers
A-Level Pure Mathematics, Year 2
Functions ||
4.5.1 Solution to 4.1.1 Example
All sorts of guesses can be made, most of which will have other effects !
The logical way to proceed is as follows.

There will exist a modulus sketching rule similar to rule 1;

Modulus Sketching Rule 1b

Tosketch x = | f(y) | Bounce negativey
& Sketchx =f (y) using a dashed line for points left of fhaxis.
<& Reflect any part of the curve left of tii@xis in they-axis.

y = X2 — 4X + 3
y = (Xx- 2)2 +1
(x-2Y =y-1
Square root both sides
X—-—2==xyyy-1
X=2*4y-1
|2+ y-1]|
To plot this (depending on the sophistication of your plotter) you may have to plof

the two curves separately,= |2 +Jy—-1], x = |2 —Jy-1 |

.. To plot curveC use x

[ 6 marks]



4.5.2 Solution to 4.2.1 Example

ly+ 1] = | (x=2)?|
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ionin

curve and its reflecti

origina

is both the “

ly, this

Geometrica



4.5.3 Solution to 4.3.1 Example
Previously...

y:x2—4x+3<:>x=21 y—-1

This time each individugl needs to be modulised,

. ToplotcurveCusex = 2 +4/ |y| -1

M odulus Sketching Rule 2b

Tosketch x=f(|y]) Overwrite negativey
O Sketch the curve ok =f (y) fory>0
O Reflect the parts of the curve above tkaxis in thex-axis.
[ 2marks]

45.4 Solution to 4.4 Exercise

Answer 1
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X
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Answer 2

(i
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-8< k<10

(b)

[ 2marks]



Answer 4
(a) Finding the line equations of the sides of the triangle, (other thanakis);

y=7-(3&-5) y=7+(3x-5)
y=7-3+5 y=7+3&-5
y = -3+ 12 y =3+ 2

Finding where each intersects thaxis;
-X+12=0 X+ 2

I
o

X =4 X =—-—=

So the base of the triangle is of Ieng]{'g{}r

Finding the apex of triangle, where lines intersect,
X+2=-3x+12

6x = 10
x:E .-.y:3><£+2
3 3
=7
Finding the are&;
Area A = i><£><7
2 3
4
-8 (: 161)
3 3

[ 4 marks]
(b) k <7

[ 1mark ]



Answer 5

(i)

ly =3[ =[x - 2]

[ 5marks]

i)

(

[ 1mark ]

[ 1mark ]



Answer 6
(a) (1) True (i) True (iii)  True
[ 3marks]

(b)

f(X) |x|2—4|x| +1

x> — 4|x| + 1 (Making use of part (a)

x2—4x+1for x>0

Casel: y

(x=2Y —4+1
(x—2)2—3 s Minimum at (2, - 3)

Case2:y:x2+4x+1for X <0

(x+2)2—4+1

= (x+2)°-3 . Minimum at (-2, - 3)

[ 3marks]
(c) f) =-2
X2 — 4|x| + 1 = =2 (Making use of part(a))
Casel: X’ —4x +1=-2 for x>0

x2—4x+3 0

(x-1)(x-3)=0 S X=1lorx =3
Case2: X’ +4x+1=-2 for x< 0
x>+ 4x+3=0
(X+1)(x+3)=20 L X=-=-1lorx=-3

Overall, x € {x1,+3}
[ 3marks]
(d) k>21lork=-3
[ 3marks]



Answer 7
fx) =2|3-x|+5
(a) Range: f(x) e R, x > 5

[ 1mark ]
1
(b) 2|3—x|+5:?x+30
1 1
—2(3—x)+5=5x+30 2(3—x)+5=?x+30
1 1
—6+2x+5=5x+30 6—2x+5:5x+30
3 5
—x =31 - —x =19
2 2
62 38
X = — X = ———
3 5
However, — ?is an extraneous solution
.. The only solution i863—2
[ 3marks]

(c) 5<kx<11

[ 2marks]



Answer 8
(i)
Modulus Sketching Rule 2b

Tosketch x=f(|y]) Overwrite negativey
& Sketch the curve ok =f (y) fory>0
<& Reflect the parts of the curve above xkexis in thex-axis

X =3%425-(|y| -2y

[ 3marks]
(i)
Modulus Sketching Rule 1b
Tosketch x = | f(y) | Bounce negativey
& Sketchx =f (y) using a dashed line for points left of fhaxis.
& Reflect any part of the curve left of tii@xis in they-axis.
Cx =3+ 25— (y-2)?2|
[ 3marks]
(i)
Modulus Sketching Rule 1
Tosketchy = | f (%) | Bounce negative x
& Sketchy =f (x) using a dashed line for points below xhaxis.
<& Reflect any part of the curve below thaxis in thex-axis.
y=|2+25- (x- 37|
[ 3marks]
(iv)
Modulus Sketching Rule 2
Tosketch y=f(|x]) Overwrite negative x
& Sketch the curve of =f (x) forx>0
& Reflect the parts of the curve to the right of ykexis in they-axis.

y=2+J25- ([x| - 3)?
[ 3marks]



Answer 9

(a)

(b)

f(x) = 3x% — 12X+ 7

To obtain thex-axis crossing points,
3(x-2%-5=0

3(x-2Y% =5
2 5
X—2) = —
( ) 3
x—2:i,/E
3
X=2=* ;5

3[ (x - 2)

3(Xx — 2)2—

3[x2—4x] + 7

4] +7

3(x—-2)Y 12+ 7

5
[ 3marks]

(Approx:x = 0.709 x = 3.29])

[ 3marks]



(c) (1) gx) = 3(x—1)2—12x+9
= 3(x—-1) - 12+ 1212+ 9
= 3(x-1)°-12(x-1)-3
= 3(x-12%-12(x-1)+7 -7-3
= 3(x—-1)°-12(x-1)+7-10
g0 + 10 = 3(x - 1) = 12(x - 1) + 7

Compare this witli (x) = 3% — 12X + 7

R e translated( will give g(x)

1 )
-10
[ 2marks]

(i) This is tricky but the graph below helps with the understanding;

h(x) = 20 3 20
03X - 1X+7 3(x-2)Y2-5
20 :
h2) = —g - —4 (A local maximum)

Range: h(x) < -4, h(x) > 0




Answer 10
(a) (1) Working out thex-axis “touch”;

|2x + al = 0

2x+a=0
L__a
2

a
RS >
2
[ 2marks]
(i)  Working out thex-axis crossing points;
|2x + a|-b =0
|2x +a| =b
Casel2x+a=»> Case2-2x—-a=>
2X=Db-a 2X+a=-b
b-a
= 2X=-b-a
X 5 X
b+ a

X = -

2

[ 4 marks]



(b)
| 2x +al - b =

Casel2x+a—-b =

6x X

3 3
5x =

Case2—-2x-a->b

-a—-b =

X

X

-3(a+bh)
—%(a+ b)

[ 4 marks]



Answer 11

(i)

a
4
Red:f (x) = 4a° — X° Gold:g(x) = |4x — a|
[ 6 marks]
(ii)
4 -2 = |4x - 1]

42 =ax-1 4% = —4x+ 1
X+ 4x - 5=0 X2 —4x -3 =0
(X+5)(x=1) =0 (Xx=2)Y-7=0
X=-50rx=1 X=2+\7

Two of these proposed solutions are extraneous.

The only valid solutions ares = 1or 2 + V7
[ 4 marks]



Answer 12

f(X) = -~ x—-5+snx 300 < x < 600°
180
(a)
—300 | —240 | —180 | —120 | -60 | O 60 120
~937| -832 | 814 | —796 | -691 | =5 | —309 | —2.04
x | 180 240 300 360 | 420 | 480 | 540 | 600
y | —186 | —168 | —0630 | 128 | 320 | 424 | 442 | 4261

[ 3marks]




[ 2marks]
[ 2marks]

(d)
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