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Cambridge O Level Additional Mathematics

2012 June Paper 1 Variant 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. (a) (3)Find
ż

?
7x ´ 5 dx.

Solution

ż

?
7x ´ 5 dx “

ż

p7x ´ 5q
1
2 dx

“ 2
3
p7x ´ 5q

3
2 ˆ 1

7
` c

“ 2
21

p7x ´ 5q
3
2 ` c.

(b) (2)Hence evaluate
ż 3

2

?
7x ´ 5 dx.

Solution

ż 3

2

?
7x ´ 5 dx “ 2

21

„

p7x ´ 5q
3
2

ȷ3

x“2

“ 2
21

p64 ´ 27q

“ 311
21
.

2. (5)Using the substitution
u “ 2x,
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find the values of x such that
22x`2

“ 5p2xq ´ 1.

Solution

Well,

22x`2
“ 5p2xq ´ 1 ñ 22 ¨ 22x ´ 5p2xq ` 1 “ 0

ñ 4p2xq
2

´ 5p2xq ` 1 “ 0

ñ 4u2
´ 5u ` 1 “ 0

add to: ´5
multiply to: p`4q ˆ p`1q “ `4

*

´ 4, ´1

e.g.,

ñ 4u2
´ 4u ´ u ` 1 “ 0

ñ 4upu ´ 1q ´ 1pu ´ 1q “ 0

ñ p4u ´ 1qpu ´ 1q “ 0

ñ 4u ´ 1 “ 0 or u ´ 1 “ 0

ñ u “ 1
4
or u “ 1

ñ 2x “ 1
4
or 2x “ 1

ñ x “ ´2 or x “ 0.

3. (4)Show that

cotA `
sinA

1 ` cosA
” cosecA.

Solution

2
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Well,

cotA `
sinA

1 ` cosA
”

cosA

sinA
`

sinA

1 ` cosA

”
cosAp1 ` cosAq

sinAp1 ` cosAq
`

sin2A

sinAp1 ` cosAq

”
pcosA ` cos2Aq ` sin2A

sinAp1 ` cosAq

”
cosA ` 1

sinAp1 ` cosAq

”
1

sinA
” cosecA,

as required.

4. (5)Solve the simultaneous equations

5x ` 3y “ 2 and
2

x
´

3

y
“ 1.

Solution

Well,

2

x
´

3

y
“ 1 ñ

2

x
“ 1 `

3

y

ñ
2

x
“

y ` 3

y

ñ
x

2
“

y

y ` 3

ñ x “
2y

y ` 3

and insert into the first equation:

5

ˆ

2y

y ` 3

˙

` 3y “ 2 ñ
10y

y ` 3
` 3y “ 2

ñ 10y ` 3ypy ` 3q “ 2py ` 3q

ñ 10y ` 3y2 ` 9y “ 2y ` 6

ñ 3y2 ` 17y ´ 6 “ 0

3
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add to: `17
multiply to: p`3q ˆ p´6q “ ´18

*

´ 1, `18

e.g.,

ñ 3y2 ` 18y ´ y ´ 6 “ 0

ñ 3ypy ` 6q ´ 1py ` 6q “ 0

ñ p3y ´ 1qpy ` 6q “ 0

ñ 3y ´ 1 “ 0 or y ` 6 “ 0

ñ y “ 1
3
or y “ ´6

ñ x “ 1
5
or x “ 4;

hence,
x “ 4, y “ ´6 or x “ 1

5
, y “ 1

3
.

5. Differentiate the following with respect to x.

(a) (3)
p2 ´ x2

q lnp3x ` 1q.

Solution

Well,

u “ 2 ´ x2
ñ

du

dx
“ ´2x

v “ lnp3x ` 1q ñ
dv

dx
“

3

3x ` 1

and so

dy

dx
“ p2 ´ x2

q

ˆ

3

3x ` 1

˙

` p´2xqplnp3x ` 1qq

“
3p2 ´ x2q

3x ` 1
´ 2x lnp3x ` 1q.

(b) (3)
4 ´ tan 2x

5x
.

4
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Solution

Now,

u “ 4 ´ tan 2x ñ
du

dx
“ ´2 sec2 2x

v “ 5x ñ
dv

dx
“ 5

and so

dy

dx
“

p5xqp´2 sec2 2xq ´ p5qp4 ´ tan 2xq

p5xq2

“
´10x sec2 2x ´ 5p4 ´ tan 2xq

25x2
.

6. You must not use a calculator in this question.

(a) (2)Express
8

?
3 ` 1

in the form
ap

?
3 ´ 1q,

where a is an integer.

Solution

Well,

ˆ
?
3 ´1

?
3 3 ´

?
3

`1 `
?
3 ´1

5
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and so

8
?
3 ` 1

“
8

?
3 ` 1

ˆ

?
3 ´ 1

?
3 ´ 1

“
8p

?
3 ´ 1q

3 ´ 1

“
8p

?
3 ´ 1q

2

“ 4p
?
3 ´ 1q;

so, a “ 4.

An equilateral triangle has sides of length

8
?
3 ´ 1

.

(b) (2)Show that the height of the triangle is p6 ´ 2
?
3q.

Solution

Now,

opp2
` adj2 “ hyp2

ñ r2p
?
3 ´ 1qs

2
` adj2 “ r4p

?
3 ´ 1qs

2

ˆ
?
3 ´1

?
3 3 ´

?
3

´1 ´
?
3 `1

ñ 4p4 ´ 2
?
3q ` adj2 “ 16p4 ´ 2

?
3q

ñ adj2 “ 12p4 ´ 2
?
3q

ñ adj “ 2
?
3p

?
3 ´ 1q

ñ adj “ 6 ´ 2
?
3,

as required.

(c) (2)Hence, or otherwise, find the area of the triangle in the form pp
?
3 ´ qq, where p

6
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and q are integers.

Solution

Well,

ˆ
?
3 ´1

6 6
?
3 ´6

´2
?
3 ´6 `2

?
3

and so

A “ 1
2
bh

“ 1
2

ˆ 4p
?
3 ´ 1q ˆ p6 ´ 2

?
3q

“ 2p8
?
3 ´ 12q

“ 16
?
3 ´ 24;

hence, p “ 16 and q “ ´24.

7. (a) (3)Sketch the graph of
y “ |x2

´ x ´ 6|,

showing the coordinates of the points where the curve meets the coordinate axes.

Solution

Well,
add to: ´1
multiply to: ´6

*

´ 3, `2

and

x2
´ x ´ 6 “ 0 ñ px ´ 3qpx ` 2q “ 0

ñ x “ 3 or x “ ´2.

The graph is

7
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x

y

O

6

3´2

(b) (3)Solve
|x2

´ x ´ 6| “ 6.

Solution

x2 ´ x ´ 6 “ 6 :

x2
´ x ´ 6 “ 6 ñ x2

´ x ´ 12 “ 0

add to: ´1
multiply to: ´12

*

´ 4, `3

e.g.,

ñ px ´ 4qpx ` 3q “ 0

ñ x “ 4 or x “ ´3.

x2 ´ x ´ 6 “ ´6 :

x2
´ x ´ 6 “ ´6 ñ x2

´ x “ 0

ñ xpx ´ 1q “ 0

ñ x “ 0 or x “ 1.

Hence, the solutions are

x “ ´3, x “ 0, x “ 1, or x “ 4.

8
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8. The figure shows a circle, centre O, with radius 10 cm.

The lines XA and XB are tangents to the circle at A and B respectively, and angle AOB
is 2

3
π radians.

(a) (3)Find the perimeter of the shaded region.

Solution

Well,

tan “
opp

adj
ñ tan 1

3
π “

AX

10

ñ AX “ 10 tan 1
3
π

and

perimeter “ AX ` BX ` curve AB

“ 10 tan 1
3
π ` 10 tan 1

3
π ` p2

3
π ˆ 10q

“ 20 tan 1
3
π ` 20

3
π

“ 55.584 967 18 (FCD)

“ 55.6 cm (3 sf).

(b) (4)Find the area of the shaded region.

Solution

9
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Now,

area “ area OAXBO ´ area of the curve OABO

“ p2 ˆ area OAXOq ´ area of the curve OABO

“ p2 ˆ 1
2

ˆ 10 ˆ 10 tan 1
3
πq ´ p1

2
ˆ 2

3
π ˆ 102q

“ 100 tan 1
3
π ´ 100

3
π

“ 68.485 325 64 (FCD)

“ 68.5 cm2 (3 sf).

9. Variables N and x are such that

N “ 200 ` 50e
1

100
x.

(a) (1)Find the value of N when x “ 0.

Solution

Well,

x “ 0 ñ N “ 200 ` 50

ñ N “ 250.

(b) (3)Find the value of x when N “ 600.

Solution

Now,

N “ 600 ñ 600 “ 200 ` 50e
1

100
x

ñ 400 “ 50e
1

100
x

ñ 8 “ e
1

100
x

ñ ln 8 “ 1
100

x

ñ x “ 100 ln 8

ñ x “ 207.944 154 2 (FCD)

ñ x “ 208 (3 sf).

10



Dr Oliver 
Mathematics 

 
Dr Oliver 

Mathematics 
 

Dr Oliver 
Mathematics 

 
Dr Oliver 

Mathematics 
 

Dr Oliver 
Mathematics 

 
Dr Oliver 

Mathematics 

(c) (4)Find the value of N when
dN

dx
“ 45.

Solution

Well,

N “ 200 ` 50e
1

100
x

ñ
dN

dx
“ 1

2
e

1
100

x

and

dN

dx
“ 45 ñ 1

2
e

1
100

x
“ 45

ñ e
1

100
x

“ 90

ñ N “ 200 ` 50p90q

ñ N “ 4 700.

10. (a) It is given that

fpxq “
1

2 ` x
for x ‰ ´2, x P R.

(i) (2)Find f2
pxq.

Solution
Well,

fpxq “
1

2 ` x
ñ fpxq “ p2 ` xq

´1

ñ f 1
pxq “ ´p2 ` xq

´2

ñ f2
pxq “ 2p2 ` xq

´3.

(ii) (2)Find f´1
pxq.

Solution
Now,

y “
1

2 ` x
ñ 2 ` x “

1

y

ñ x “
1

y
´ 2

and so

f´1
pxq “

1

x
´ 2.

11
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(iii) (3)Solve f2pxq “ ´1.

Solution
Well,

f2pxq “ fpfpxqq

“ f

ˆ

1

2 ` x

˙

“
1

2 ` 1
2`x

and so

f2pxq “ ´1 ñ
1

2 ` 1
2`x

“ ´1

ñ 2 `
1

2 ` x
“ ´1

ñ
1

2 ` x
“ ´3

ñ 2 ` x “ ´1
3

ñ x “ ´21
3
.

(b) The functions g, h, and k are defined, for x P R, by

gpxq “
1

x ` 5
, x ‰ ´5,

hpxq “ x2
´ 1,

kpxq “ 2x ` 1.

Express the following in terms of g, h, and/or k

(i) (1)
1

px2 ´ 1q ` 5
,

Solution
h g.

(ii) (1)
2

x ` 5
` 1.

12
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Solution
k g.

11. The point P lies on the line joining Ap´1,´5q and Bp11, 13q such that

AP “ 1
3
AB.

(a) (5)Find the equation of the line perpendicular to AB and passing through P .

Solution

Well,

ÝÝÑ
AB “

ÝÝÑ
AO `

ÝÝÑ
OB

“ ´
ÝÝÑ
OA `

ÝÝÑ
OB

“ ´

ˆ

´1
´5

˙

`

ˆ

11
13

˙

“

ˆ

12
18

˙

and

ÝÝÑ
OP “

ÝÝÑ
OA `

ÝÑ
AP

“
ÝÝÑ
OA ` 1

3

ÝÝÑ
AB

“

ˆ

´1
´5

˙

` 1
3

ˆ

12
18

˙

“

ˆ

´1
´5

˙

`

ˆ

4
6

˙

“

ˆ

3
1

˙

,

so P p3, 1q.

Now,

mAB “
13 ´ p´5q

11 ´ p´1q

“
18

12
“ 3

2

13
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and
mnormal “ ´2

3
.

Hence, the equation of the line perpendicular to AB and passing through P is

y ´ 1 “ ´2
3
px ´ 3q ñ y ´ 1 “ ´2

3
x ` 2

ñ y “ ´2
3
x ` 3.

The line perpendicular to AB passing through P and the line parallel to the x-axis
passing through B intersect at the point Q.

(b) (2)Find the coordinates of the point Q.

Solution

Well, the line parallel to the x-axis passing through B is

y “ 13

and

´2
3
x ` 3 “ 13 ñ ´2

3
x “ 10

ñ x “ ´15;

hence, Qp´15, 13q.

(c) (2)Find the area of the triangle PBQ.

Solution

Well,

PQ “
a

r´15 ´ 3s2 ` p13 ´ 1q2

“
?
182 ` 122

“
?
468

“ 6
?
13

14
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and

BP “
a

p11 ´ 3q2 ` p13 ´ 1q2

“
?
82 ` 122

“
?
208

“ 4
?
13.

Finally,

area of the triangle PBQ “ 1
2
bh

“ 1
2

ˆ 6
?
13 ˆ 4

?
13

“ 156.

EITHER

12. At 12 : 00 hours, a ship has position vector p54i`16jq km relative to a lighthouse, where
i is a unit vector due East and j is a unit vector due North.

The ship is travelling with a speed of 20 kmh´1 in the direction p3i ` 4jq.

(a) (2)Show that the position vector of the ship at 15 : 00 hours is p90i ` 64jq km.

Solution

After 3 hours, the ship has position

p54i ` 16jq ` 3 ˆ 20 ˆ 1
5
p3i ` 4jq

“ p54i ` 16jq ` 12p3i ` 4jq

“ 90i ` 64j,

as required.

(b) (2)Find the position vector of the ship t hours after 12 : 00 hours.

Solution

Well,

position vector “ p54i ` 16jq ` t ˆ 20 ˆ 1
5
p3i ` 4jq

“ p54i ` 16jq ` 4tp3i ` 4jq

“ p54 ` 12tqi ` p16 ` 16tqj.

15
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A speedboat leaves the lighthouse at 14 : 00 hours and travels in a straight line to
intercept the ship.

Given that the speedboat intercepts the ship at 16 : 00 hours, find

(c) (3)the speed of the speedboat,

Solution

Now,

position vector of the ship after 4 hours “ p54 ` 12 ˆ 4qi ` p16 ` 16 ˆ 4qj

“ 102i ` 80j

and

velocity “
102i ` 80j

2
“ 51i ` 40j.

Finally,

speed “
?
512 ` 402

“
?
4 201

“ 64.815 121 69 (FCD)

“ 64.8 kmh´1.

(d) (1)the velocity of the speedboat relative to the ship,

Solution

p51i ` 40jq ´ 4p3i ` 4jq “ 39i ` 24j.

(e) (2)the angle the direction of the speedboat makes with North.

Solution

Well,

tanα “ 51
40

ñ α “ 51.892 423 12 (FCD)

ñ α “ 51.9˝ (1 dp).

OR

16
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13. The position vectors of points A and B relative to an origin O are a and b respectively.

• The point P is such that
ÝÝÑ
OP “ 5

4

ÝÝÑ
OB.

• The point Q is such that
ÝÝÑ
AQ “ 1

3

ÝÝÑ
AB.

• The point R lies on OA such that RQP is a straight line where
ÝÝÑ
OR “ λ

ÝÝÑ
OA and

ÝÝÑ
QR “ µ

ÝÝÑ
PR.

(a) (2)Express
ÝÝÑ
OQ and

ÝÝÑ
PQ in terms of a and b.

Solution

ÝÝÑ
OQ “

ÝÝÑ
OA `

ÝÝÑ
AQ

“
ÝÝÑ
OA ` 1

3

ÝÝÑ
AB

“
ÝÝÑ
OA ` 1

3
p
ÝÝÑ
AO `

ÝÝÑ
OBq

“
ÝÝÑ
OA ` 1

3
p´

ÝÝÑ
OA `

ÝÝÑ
OBq

“
ÝÝÑ
OA ` 1

3
p´a ` bq

“ 2
3
a ` 1

3
b

and

ÝÝÑ
PQ “

ÝÝÑ
PB `

ÝÝÑ
BQ

“ 1
4

ÝÝÑ
BO ` 2

3

ÝÝÑ
BA

“ ´1
4

ÝÝÑ
OB ` 2

3

ÝÝÑ
BA

“ ´1
4

ÝÝÑ
OB ` 2

3
p
ÝÝÑ
BO `

ÝÝÑ
OAq

“ ´1
4

ÝÝÑ
OB ` 2

3
p´

ÝÝÑ
OB `

ÝÝÑ
OAq

“ ´1
4
b ` 2

3
p´b ` aq

“ 2
3
a ´ 11

12
b.

17



Dr Oliver 
Mathematics 

 
Dr Oliver 

Mathematics 
 

Dr Oliver 
Mathematics 

 
Dr Oliver 

Mathematics 
 

Dr Oliver 
Mathematics 

 
Dr Oliver 

Mathematics 

(b) (2)Express
ÝÝÑ
QR in terms of λ, a, and b.

Solution

ÝÝÑ
QR “

ÝÝÑ
QO `

ÝÝÑ
OR

“ ´
ÝÝÑ
OQ ` λ

ÝÝÑ
OA

“ ´p2
3
a ` 1

3
bq ` λa

“ pλ ´ 2
3
qa ´ 1

3
b.

(c) (3)Express
ÝÝÑ
QR in terms of µ, a, and b.

Solution

ÝÝÑ
QR “ µ

ÝÝÑ
PR ñ

ÝÝÑ
QR “ µp

ÝÝÑ
PQ `

ÝÝÑ
QRq

ñ
ÝÝÑ
QR “ µ

ÝÝÑ
PQ ` µ

ÝÝÑ
QR

ñ
ÝÝÑ
QR ´ µ

ÝÝÑ
QR “ µ

ÝÝÑ
PQ

ñ
ÝÝÑ
QRp1 ´ µq “ µ

ÝÝÑ
PQ

ñ
ÝÝÑ
QR “

ˆ

µ

1 ´ µ

˙

ÝÝÑ
PQ

ñ
ÝÝÑ
QR “

ˆ

µ

1 ´ µ

˙

p2
3
a ´ 11

12
bq.

(d) (3)Hence find the value of λ and of µ .

Solution

Equating the bs:

´1
3

“

ˆ

µ

1 ´ µ

˙

p´11
12

q ñ 4 “ 11

ˆ

µ

1 ´ µ

˙

ñ 4p1 ´ µq “ 11µ

ñ 4 ´ 4µ “ 11µ

ñ 4 “ 15µ

ñ µ “ 4
15

18
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and equating the as:

λ ´ 2
3

“ 2
3

ˆ 4
15

1 ´ 4
15

˙

ñ λ ´ 2
3

“ 2
3
p 4
11

q

ñ λ ´ 2
3

“ 8
33

ñ λ “ 10
11
.

19


