














2009 Mathematics (Extension 1) Yearly Examination SOLUTIONS 1

Suggested Solutions

Question 1 (Weiss)

(a) (1 mark)

3.242 − 2.12√
36 + 2.1

= 0.986

(b) (1 mark)

2x2 − 1

1− 2x2
= −1

(c) (2 marks)

3n+2 + 3n

3n
=

��3n(32 + 1)

��3n

= 9 + 1 = 10

(d) (2 marks)

tan 2� =
2 tan�

1− tan2 �

Substitute tan� = 2 results in

tan 2� =
2× 2

1− 22
= −4

3

(e) (3 marks)

4

x− 3
×(x−3)2

≤ 2
×(x−3)2

4(x− 3) ≤ 2(x− 3)2

2(x− 3)2 − 4(x− 3) ≥ 0

2(x− 3) (x− 3− 2) ≥ 0

2(x− 3)(x − 5) ≥ 0

x < 3 or x ≥ 5

2

4

6

−2

1 2 3 4 5 6

x

y

bc b

(f) (1 mark)

log3 12 =
log10 12

log10 3
= 2.26

Question 2 (Lowe)

(a) (2 marks)

4x− y = 0 ⇒ m1 = 4

y = x ⇒ m2 = 1

tan � =

∣

∣

∣

∣

m1 −m2

1 +m1m2

∣

∣

∣

∣

=

∣

∣

∣

∣

4− 1

1 + 4

∣

∣

∣

∣

=
3

5

∴ � = tan−1 3

5
= 30∘58′

(b) (2 marks)

∣15 + 4x∣ ≤ 3

−3
−15

≤ 15
−15

+ 4x ≤ 3
−15

−18
÷4

≤ 4x
÷4

≤ −12
÷4

−9

2
≤ x ≤ −3

(c) (2 marks)

P (−4, 5) −3

Q(−1, 9) 5

As R divides PQ externally,

R(x, y) =

(

5(−4) +−3(−1)

−3 + 5
,
5(5) +−3(9)

−3 + 5

)

=

(

−17

2
,−2

2

)

=

(

−8
1

2
,−1

)

(d) (2 marks)

y = 3 sin (2�x)

• amplitude a = 3.
• period:

f =
2�

T

f = 2� ⇒ T =
2�

2�
= 1
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2 2009 Mathematics (Extension 1) Yearly Examination SOLUTIONS

(e) i. (2 marks)

x

y

y = x3(2− x)

0 2

ii. (1 mark)
x3(2 − x) is below the x axis when
x < 0 or x > 2.

Question 3 (Rezcallah)

(a) (2 marks)

x = 0.122 ⋅ ⋅ ⋅
10x = 1.222 ⋅ ⋅ ⋅
100x = 12.222 ⋅ ⋅ ⋅
90x = 11

∴ x =
11

90

(b) (2 marks)

5x+ 1

(x+ 1)(x − 1)
+

2

1− x
− 3

1 + x

=
5x+ 1

(x+ 1)(x− 1)
− 2

x− 1
− 3

x+ 1

=
(5x+ 1)− 2(x+ 1)− 3(x− 1)

(x+ 1)(x − 1)

=
5x+ 1− 2x− 2− 3x+ 3

(x+ 1)(x − 1)

=
2

(x+ 1)(x− 1)
or − 2

(1− x)(x+ 1)

(c) i. (2 marks)

(

cosec2 x− 1
)

sin2 x

=

(

1

sin2 x
− 1

)

sin2 x

= 1− sin2 x

= cos2 x

ii. (3 marks)

(

cosec2 x− 1
)

sin2 x =
3

4

cos2 x =
3

4

cos x = ±
√
3

2
x = 30∘, 150∘, 210∘, 330∘

(d) i. (2 marks)
Applying the sine rule in △ABC,

sin�

x
=

sin 120∘

2x

∴ sin� =
sin 120∘

2
=

√
3

4

ii. (1 mark)

In △ACD, sin� =
3
√
3

2x

But sin� =
√
3
4 ,

∴

√
3

4
=

3
√
3

2x
2x = 12

∴ x = 6

Question 4 (Lam)

(a) (3 marks)

⎧



⎨



⎩

x− 2y + 9 = 0 (1)

4x− y − 20 = 0 (2)

8x− 2y − 40 = 0 (2′)

Subtract (2’) from (1),

−7x+ 49 = 0

7x = 49

x = 7 → (1)

7− 2y + 9 = 0

2y = 16

y = 8

∴ B(7, 8)
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2009 Mathematics (Extension 1) Yearly Examination SOLUTIONS 3

(b) (2 marks)

mAC =
9
2 − 0

0− 5
= − 9

10

y − 9
2

x− 0
= − 9

10

y
×10

= − 9

10
×10

+
9

2
×10

10y = −9x+ 45

9x+ 10y − 45 = 0

(c) (2 marks)

dAC =

√

52 +

(

9

2

)2

=

√

181

4

=

√
181

2

(d) (2 marks)

mBC = 4

y = −1

4
x+

9

2

(e) (3 marks)

Perpendicular distance from (7, 8) to 9x+
10y − 45 = 0 is

d⊥ =
∣ax1 + by1 + c∣√

a2 + b2

=
∣9(7) + 10(8) − 45∣√

92 + 102

=
∣63 + 80− 45∣√

181

=
98√
181

A =
1

2
bℎ

=
1

2
×�

��√
181

2
× 98

�
��

√
181

=
98

4
=

49

2

= 24.5 units2

Question 5 (Trenwith)

(a) (3 marks)

• ∠TAB = 25∘ (angle between a chord
and a tangent is equal to the angle in
the alternate segment).

• ∠OAT = 90∘ (angle between a tangent
and a radius.

• ∴ ∠OAB = 65∘ (by subtraction).
• ∠AEB = 40∘ + 25∘ = 65∘.
(exterior angle of △ADE equals the
sum of the opposite interior angles).

∴ △AEB isosceles as it has 2 equal angles.

(b) (2 marks)

• ∠ABE = 50∘ (angle sum of △ABE)
• ∴ ∠ABC = 50∘ + 80∘ = 130∘.

∴ reflex ∠AOC = 260∘

(Angle at the centre is twice the angle
at the circumference subtended by the
same arc AC.)

• Hence ∠AOC = 100∘ (angle of
revolution at the centre O).

• ∴ OEBC is a cyclic quadrilateral as its
opposite angles ∠COE & ∠EBC are
supplementary.

Question 6 (Barrett)

(a) (2 marks)

a = 5 ℓ = a+ (n− 1)d = 165

Sn = 1 785

1 785 =
n

2
(a+ ℓ)

3 570 = n(5 + 165)

n =
3 570

170
= 21

(b) i. (2 marks)

a = 1 r = x2

Sn =
a(rn − 1)

r − 1

=

(

x2
)n − 1

x2 − 1

=
x2n − 1

x2 − 1
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ii. (1 mark)

∣r∣ < 1
∣

∣x2
∣

∣ < 1

∴ 0 ≤ x2 < 1

∴ −1 < x < 1

iii. (2 marks)

S =
a

1− r
=

a

1− x2

=
1

1−
(

1
3

)2 =
1

1− 1
9

=
9

8

Question 7 (Barrett)

(a) i. (2 marks)

y = 4x8 − x−
1

2

dy

dx
= 32x7 +

1

2
x−

3

2

ii. (2 marks)

y =
(

3x2 + 7
)8

dy

dx
= 8× 6x

(

3x2 + 7
)7

= 48x
(

3x2 + 7
)7

iii. (2 marks)

y =
x3

x2 + 1

u = x3 v = x2 + 1

u′ = 3x2 v′ = 2x

dy

dx
=

vu′ − uv′

v2

=

(

3x2
) (

x2 + 1
)

− (2x)
(

x3
)

(x2 + 1)2

=
3x4 + 3x2 − 2x4

(x2 + 1)2

=
x4 + 3x2

(x2 + 1)2

(b) i. (3 marks)

x(t) = t3 + 3t2 − 9t

v(t) = 3t2 + 6t− 9

a(t) = 6t+ 6

x(0) = 0 v(0) = −9 a(0) = 6

ii. (2 marks) Particle is stationary when
v(t) = 0.

3t2 + 6t− 9 = 0

t2 + 2t− 3 = 0

(t+ 3)(t− 1) = 0

As t > 0,

t = 1

x(1) = 1 + 3− 9 = −5

The particle is 5 units to the left of the
origin when it is stationary.

iii. (2 marks)

x(0) = 0

x(1) = 1 + 3− 9 = −5

x(2) = 8 + 12− 18 = 2

The particle travels −5 units between
t = 0 and t = 1, then from t = 1 to
t = 2 travels from −5 to 2 (7 units).
Total distance travelled: 5 + 7 = 12
units.

Question 8 (Trenwith)

(a) i. (3 marks)

y = x3 + 3x2 − 24x+ 2

y′ = 3x2 + 6x− 24

y′′ = 6x+ 6

Stationary pts occur when y′ = 0,

3x2 + 6x− 24 = 0

x2 + 2x− 8 = 0

(x+ 4)(x− 2) = 0

∴ x = −4, 2

y′′ = 6x+ 6
∣

∣

∣

x=−4

= 6(−4) + 6 < 0

y′′ = 6x+ 6
∣

∣

∣

x=2

= 6(2) + 6 > 0

Hence x = −4 is a local maximum and
x = 2 is a local minimum.

x

y′

y

+

−4

0

82

−

2

0

−26

+
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ii. (2 marks)
Points of inflexion occur when y′′ = 0
with a change in concavity:

y′′ = 6x+ 6 = 0

6x+ 6 = 0

6x = −6

x = −1

y′′ = 6x+ 6
∣

∣

∣

x=−2

< 0

y′′ = 6x+ 6
∣

∣

∣

x=0

> 0

Concavity changes x = −1.

y = x3 + 3x2 − 24x+ 2
∣

∣

∣

x=−1

= −1 + 3 + 24 + 2 = 28

(−1, 28) is a point of inflexion.

iii. (2 marks)

2 4−2−4−6

x

y

20

40

60

80

−20

(−4, 82)

(2, 26)

(−1, 28) |

(b) (4 marks)

x

30− 2x

x

A = x(30− 2x)

= 30x− 2x2

dA

dx
= 30− 4x

d2A

dx2
= −4

Maximum area occurs when dA
dx

= 0

30− 4x = 0

4x
÷4

= 30
÷4

x =
15

2

∴ maximum area is

A = x(30− 2x)
∣

∣

∣

x= 15

2

=

(

15

2

)

(30− 15)

=
225

2
m2

Question 9 (Lowe)

(a) (3 marks)

3

4
5

�

12

5
13

�

sin� =
4

5
sin� =

5

13

⇒ cos� =
3

5
cos� =

12

13
cos(�− �) = cos� cos�+ sin� sin�

=

(

3

5
× 12

13

)

+

(

4

5
× 5

13

)

=
36 + 20

65
=

56

65

(b) (3 marks)

sin 105∘ = sin(60∘ + 45∘)

= sin 60∘ cos 45∘ + sin 45∘ cos 60∘

=

(√
3

2
× 1√

2

)

+

(

1√
2
× 1

2

)

=

√
3 + 1

2
√
2

×
√
2√
2

=

√
6 +

√
2

4
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(c) (3 marks)

cos
(

2x− �

6

)

=

√
3

2

2x− �

6
= cos−1

(√
3

2

)

As x ∈ [0, 2�], then 2x ∈ [0, 4�].

2x− �

6
=

�

6
,
(

2� − �

6

)

(

2� +
�

6

)

,
(

4� − �

6

)

2x =
�

3
, 2�,

14�

6
, 4�

x = 0,
�

6
, �,

7�

6
, 2�

x = 0 is inserted as x = 2� is also a
solution and x ∈ [0, 2�].

(d) (3 marks)

b
A

b B

N

x

b
70 nm

205∘65∘

cos 65∘ =
70

x

x =
70

cos 65∘
= 165.6 nm

Question 10 (Weiss)

(a) (1 mark)

f ′(4) = 0

(b) (2 marks)

f ′(3) =
6− 10

3− 0
= −4

3

(c) i. (3 marks)

2

4

−2

−4

x

y

90∘ 180∘ 270∘ 360∘

y = 4 sin 2x

D = {x : 0∘ ≤ x ≤ 360∘}
R = {y : −4 ≤ y ≤ 4}

ii. (3 marks)

2

2−2

x

y

y =
√
4− x2

D = {x : −2 ≤ x ≤ 2}
R = {y : 0 ≤ y ≤ 2}

iii. (3 marks)

2

4

6

1 2−1
x

y

y = 4−x

D = {x : x ∈ ℝ}
R = {y : y > 0}
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Question 11 (Ireland)

(a) (4 marks)

A B

C

D

200m

ℎ

20∘ 23∘

tan 20∘ =
ℎ

AC

AC =
ℎ

tan 20∘

tan 23∘ =
ℎ

BC

BC =
ℎ

tan 23∘

Using Pythagoras’ Theorem in △ABC,

AC2 +BC2 = 2002

ℎ2

tan2 20∘
+

ℎ2

tan2 23∘
= 2002

ℎ2
(

tan2 20∘ + tan2 23∘
)

tan2 20∘ tan2 23∘
× tan2 20∘ tan2 23∘

= 2002
× tan2 20∘ tan2 23∘

ℎ2
(

tan2 20∘ + tan2 23∘
)

= 2002
(

tan2 20∘ tan2 23∘
)

ℎ2 =
2002

(

tan2 20∘ tan2 23∘
)

tan2 20∘ + tan2 23∘

ℎ =
200 (tan 20∘ tan 23∘)√
tan2 20∘ + tan2 23∘

= 55.26

= 55m (2 s.f.)

(b) (3 marks)

log2 x− log2(x− 2) =
2

3
log2 27

log2

(

x

x− 2

)

= log2 27
2

3

(

x

x− 2

)

= 9

x = 9x− 18

8x
÷8

= 18
÷8

x =
9

4

(c) (3 marks)

y = x
1

2 x = 1

y′ =
1

2
x−

1

2 =
1

2
√
x

y′′ = −1

4
x−

3

2

R =

(

1 +
(

dy
dx

)2
)

3

2

∣

∣

∣

d2y
dx2

∣

∣

∣

=

(

1 +
(

1
2
√
x

)2
)

3

2

∣

∣

∣
−1

4x
− 3

2

∣

∣

∣

=

(

1 + 1
4x

)
3

2

∣

∣

∣
−1

4x
− 3

2

∣

∣

∣

∣

∣

∣

∣

∣

∣

x=1

=

(

5
4

)
3

2

1
4

=
5
√
5

8
1
4

=
5
√
5

2

(d) (3 marks)

f(x) =

√

3−
√
x

As the expression within the radical is ≥ 0

3−
√
x ≥ 0

3 ≥
√
x

0 ≤ x ≤ 9

∴ D = {x : x ∈ [0, 9]}
f(0) =

√
3 f(9) = 0

∴ R =
{

y : y ∈
[

0,
√
3
]}
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