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Cambridge O Level Additional Mathematics

2008 June Paper 2: Calculator

2 hours

The total number of marks available is 80.
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the
case of angles in degrees, unless a different level of accuracy is specified in the question.
You must write down all the stages in your working.

1. The equation of a curve is given by

y “ x2
` ax ` 3,

where a is a constant.

Given that this equation can also be written as

y “ px ` 4q
2

` b,

find

(a) (2)the value of a and of b,

Solution

Well,

ˆ x `4

x x2 `4x
`4 `4x `16

so

y “ px ` 4q
2

` b

“ px2
` 8x ` 16q ` b

“ x2
` 8x ` p16 ` bq.

Hence,
a “ 8

and
16 ` b “ 3 ñ b “ ´13.
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(b) (1)the coordinates of the turning point of the curve.

Solution

The coordinates are p´4,´13q.

2. (a) Illustrate the following statements using a separate Venn diagram for each.

(i) (1)A X B “ H,

Solution
E.g.,

E

A B

(ii) (1)pC Y Dq Ă E.

Solution
E.g.,

E

C D

E

(b) (2)Express, in set notation, the set represented by the shaded region.
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Solution

E.g., pX X Y 1q Y pX 1 X Y q.

3. (5)Find the coordinates of the points where the straight line

y “ 2x ´ 3

intersects the curve
x2

` y2 ` xy ` x “ 30.

Solution

ˆ 2x ´3

2x 4x2 ´6x
´3 ´6x `9

so

x2
` y2 ` xy ` x “ 30

ñ x2
` p2x ´ 3q

2
` xp2x ´ 3q ` x “ 30

ñ x2
` p4x2

´ 12x ` 9q ` p2x2
´ 3xq ` x “ 30

ñ 7x2
´ 14x ´ 21 “ 0

ñ 7px2
´ 2x ´ 3q “ 0

3
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add to: ´2
multiply to: ´3

*

´ 3, `1

ñ 7px ´ 3qpx ` 1q “ 0

ñ x ´ 3 “ 0 or x ` 1 “ 0

ñ x “ 3 or x “ ´1

insert the values in to the straight line:

ñ y “ 3 or y “ ´5;

hence, the coordinates are p3, 3q and p´1,´5q.

4. (a) (3)Sketch, on the same diagram, the graphs of

y “ x ´ 3 and y “ |2x ´ 9|.

Solution

x

y

O 3 4.5

9

´3

(b) (2)Solve the equation
|2x ´ 9| “ x ´ 3.
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Solution

Well,
2x ´ 9 “ x ´ 3 ñ x “ 6

and

´p2x ´ 9q “ x ´ 3 ñ ´2x ` 9 “ x ´ 3

ñ ´3x “ ´12

ñ x “ 4.

The solutions are
x “ 4 and x “ 6.

5. Find the coefficient of x3 in the expansion of

(a) (2)p1 ` 3xq8,

Solution

Well,

p1 ` 3xq
8

“ . . . `

ˆ

8

2

˙

p1q
6
p3xq

2
`

ˆ

8

3

˙

p1q
5
p3xq

3
` . . .

“ . . . ` 252x2
` 1 512x3

` . . . ;

hence, the coefficient of x3 is 1 512.

(b) (3)p1 ´ 4xqp1 ` 3xq8.

Solution

ˆ 252x2 `1 512x3

1 . . . `1 512x3

´4x ´1 008x3 . . .

Hence, the coefficient of x3 is

1 512 ´ 1 008 “ 504.
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6. (a) (2)Given that
sinx “ p,

find an expression, in terms of p, for sec2 x.

Solution

sinx “ p ñ sin2 x “ p2

ñ 1 ´ cos2 x “ p2

ñ ´ cos2 x “ ´1 ` p2

ñ cos2 x “ 1 ´ p2

ñ sec2 x “
1

1 ´ p2
.

(b) (4)Prove that
secA cosecA ´ cotA ” tanA.

Solution

secA cosecA ´ cotA ”

ˆ

1

cosA

˙ ˆ

1

sinA

˙

´
cosA

sinA

”
1

sinA cosA
´

cosA

sinA

”
1

sinA cosA
´

cos2A

sinA cosA

”
1 ´ cos2A

sinA cosA

”
sin2A

sinA cosA

”
sinA

cosA
” tanA,

as required.

7. The diagram shows part of the curve

y “
4
?
2

x2
.
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The point P px, yq lies on this curve.

(a) (1)Write down an expression, in terms of x, for pOP q2.

Solution

pOP q
2

“ x2
`

ˆ

4
?
2

x2

˙2

“ x2
`

32

x4
.

(b) (2)Denoting pOP q2 by S, find an expression for
dS

dx
.

Solution

S “ x2
`

32

x4
ñ S “ x2

` 32x´4

ñ
dS

dx
“ 2x ´ 128x´5.

(c) (3)Find the value of x for which S has a stationary value and the corresponding value
of OP .

Solution

7
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dS

dx
“ 0 ñ 2x ´ 128x´5

“ 0

ñ 2x “
128

x5

ñ x “
64

x5

ñ x6
“ 64

ñ x “ ˘2;

but x “ ´2 is not on the curve so x “ 2. Hence,

pOP q
2

“ 22 `
32

24
ñ pOP q

2
“ 6

ñ OP “
?
6.

8. Solve the equation

(a) (3)22x`1 “ 20,

Solution

22x`1
“ 20 ñ log2 2

2x`1
“ log2 20

ñ 2x ` 1 “ log2 20

ñ 2x “ log2 20 ´ 1

ñ x “ 1
2
plog2 20 ´ 1q or 1.66 (3 sf).

(b) (4)
54y´1

25y
“

125y`3

252´y
.

Solution
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54y´1

25y
“

125y`3

252´y
ñ

54y´1

p52qy
“

p53qy`3

p52q2´y

ñ
54y´1

52y
“

53py`3q

52p2´yq

ñ 5p4y´1q´2y
“ 53py`3q´2p2´yq

ñ 52y´1
“ 55y`13

take log5:

ñ 2y ´ 1 “ 5y ` 5

ñ ´6 “ 3y

ñ y “ ´2.

9. Given that

A “

ˆ

4 1
2 3

˙

,B “

ˆ

3 ´5
0 2

˙

, and C “

ˆ

4
1

˙

,

calculate

(a) (2)AB,

Solution

AB “

ˆ

4 1
2 3

˙ ˆ

3 ´5
0 2

˙

“

ˆ

12 ´18
6 ´4

˙

.

(b) (2)BC,

Solution

BC “

ˆ

3 ´5
0 2

˙ ˆ

4
1

˙

“

ˆ

7
2

˙

.
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(c) (4)the matrix X such that AX “ B.

Solution

AX “ B ñ X “ A´1B

ñ X “ 1
10

ˆ

3 ´1
´2 4

˙ ˆ

3 ´5
0 2

˙

ñ X “ 1
10

ˆ

9 ´17
´6 18

˙

ñ X “

ˆ

0.9 ´1.7
´0.6 1.8

˙

.

10. Find

(a) (i) (2)
ż

12

p2x ´ 1q4
dx,

Solution
ż

12

p2x ´ 1q4
dx “ 12

ż

p2x ´ 1q
´4 dx

“ 12
“

´1
6
p2x ´ 1q

´3
‰

` c

“ ´2p2x ´ 1q
´3

` c.

(ii) (3)
ż

xpx ´ 1q
2 dx.

Solution

ˆ x ´1

x x2 ´x
´1 ´x `1
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so
ż

xpx ´ 1q
2 dx “

ż

xpx2
´ 2x ` 1q dx

“

ż

px3
´ 2x2

` xq dx

“ 1
4
x4

´ 2
3
x3

` 1
2
x2

` c.

(b) (i) (3)Given that
y “ 2px ´ 5q

?
x ` 4,

show that
dy

dx
“

3px ` 1q
?
x ` 4

.

Solution
Product rule:

u “ 2px ´ 5q ñ
du

dx
“ 2

v “ px ` 4q
1
2 ñ

dv

dx
“ 1

2
px ` 4q

´
1
2

so

dy

dx
“ r2px ´ 5qsr1

2
px ` 4q

´
1
2 s ` r2srpx ` 4q

1
2 s

“
x ´ 5

px ` 4q
1
2

` 2px ` 4q
1
2

“
x ´ 5

px ` 4q
1
2

`
2px ` 4q

px ` 4q
1
2

“
px ´ 5q ` 2px ` 4q

?
x ` 4

“
x ´ 5 ` 2x ` 8

?
x ` 4

“
3x ` 3
?
x ` 4

“
3px ` 1q
?
x ` 4

,

as required.

11



Dr Oliver 
Mathematics 

 
Dr Oliver 

Mathematics 
 

Dr Oliver 
Mathematics 

 
Dr Oliver 

Mathematics 
 

Dr Oliver 
Mathematics 

 
Dr Oliver 

Mathematics 

(ii) (2)Hence find
ż

x ` 1
?
x ` 4

dx.

Solution
ż

x ` 1
?
x ` 4

dx “ 1
3

ż

3px ` 1q
?
x ` 4

dx

“ 2
3
px ´ 5q

?
x ` 4 ` c.

11. The function f is defined by

fpxq “ px ` 1q
2

` 2, for x ě ´1.

Find

(a) (1)the range of f,

Solution

fpxq ě 2.

(b) (1)f2p1q,

Solution

f2p1q “ fpfp1qq

“ fp6q

“ 51.

(c) (3)an expression for f´1
pxq.

Solution

y “ px ` 1q
2

` 2 ñ y ´ 2 “ px ` 1q
2

ñ ˘
a

y ´ 2 “ x ` 1

ñ ˘
a

y ´ 2 ´ 1 “ x.
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Which is it: plus or minus? Hence,

y “
?
x ´ 2 ´ 1, for x ě 2.

The function g is defined by

gpxq “
20

x ` 1
, for x ě 0.

Find

(d) (2)g´1p2q,

Solution

y “
20

x ` 1
ñ x ` 1 “

20

y

ñ x “
20

y
´ 1

and so

g´1
pxq “

20

x
´ 1.

Finally,

g´1
p2q “

20

2
´ 1 “ 9.

(e) (4)the value of x for which
f gpxq “ 38.

Solution

f gpxq “ fpgpxqq

“ f

ˆ

20

x ` 1

˙

“

ˆ

20

x ` 1
` 1

˙2

` 2.

13
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Now,

f gpxq “ 38 ñ

ˆ

20

x ` 1
` 1

˙2

` 2 “ 38

ñ

ˆ

20

x ` 1
` 1

˙2

“ 36

ñ
20

x ` 1
` 1 “ 6

ñ
20

x ` 1
“ 5

ñ
1

x ` 1
“ 1

4

ñ x ` 1 “ 4

ñ x “ 3.

EITHER

12. The diagram shows the curve
y “ 4x ´ x2,

which crosses the x-axis at the origin O and the point A.

The tangent to the curve at the point p1, 3q crosses the x-axis at the point B.

(a) (5)Find the coordinates of A and of B.

Solution

14
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For A,

4x ´ x2
“ 0 ñ xp4 ´ xq “ 0

ñ x “ 0 or x “ 4.

So, Ap4, 0q.

For B,

y “ 4x ´ x2
ñ

dy

dx
“ 4 ´ 2x

and

x “ 1 ñ
dy

dx
“ 2.

Now, the equation of the tangent is

y ´ 3 “ 2px ´ 1q

and

y “ 0 ñ ´3 “ 2px ´ 1q

ñ ´3
2

“ x ´ 1

ñ x “ ´1
2
.

So, Bp´1
2
, 0q.

(b) (5)Find the area of the shaded region.

Solution

Area “ area under r´1
2
, 1s ` area under r1, 4s

“ p1
2

ˆ 3
2

ˆ 3q `

ż 4

1

p4x ´ x2
q dx

“ 21
4

`
“

2x2
´ 1

3
x3

‰4

x“1

“ 21
4

`
`

32 ´ 211
3

˘

´
`

2 ´ 1
3

˘

“ 21
4

` 9

“ 111
4
.
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OR

13. (10)The points Ap´2, 2q, Bp4, 4q, and Cp5, 2q are the vertices of a triangle.

The perpendicular bisector of AB and the line through A parallel to BC intersect at the
point D.

Find the area of the quadrilateral ABCD.

Solution

The perpendicular bisector of AB:
Well,

ˆ

´2 ` 4

2
,
2 ` 4

2

˙

“ p1, 3q

and

m “
4 ´ 2

4 ´ p´2q

“ 1
3

and
mnormal “ ´3.

The perpendicular bisector of AB is

y ´ 3 “ ´3px ´ 1q ñ y ´ 3 “ ´3x ` 3

ñ y “ ´3x ` 6 p1q.

The line through A parallel to BC:

m “
2 ´ 4

5 ´ 4

“ ´2

and the line through A parallel to BC is

y ´ 2 “ ´2px ` 2q ñ y ´ 2 “ ´2x ´ 4

ñ y “ ´2x ´ 2 p2q.

Do p1q ´ p2q:

0 “ ´x ` 8 ñ x “ 8

ñ y “ ´18;
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hence, Dp8,´18q.

As AC is horizontal,

area of the quadrilateral “ area of ABC ` area of ACD

“ p1
2

ˆ 7 ˆ 2q ` p1
2

ˆ 7 ˆ 20q

“ 7 ` 70

“ 77.
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