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North Sydney Boys High School Year 12 Mathematics Extension 1

Section I

10 marks
Attempt Questions 1–10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1–10.

1. Which of the following is the correct expression for
∫ dx√

36− x2
?

A) arccos
x
6
+ c;

B) arccos6x+ c;

C) arcsin
x
6
+ c;

D) arcsin6x+ c.

2. Find the fifth term in the expansion of
(

3x2− 1
2x

)8

.

A)
(

8
4

)(
3
2

)4

x4;

B)
(

4
8

)(
2
3

)4

x−4;

C)
(

8
4

)(
3
2

)4

x−4;

D)
(

4
8

)(
2
3

)4

x4.

3. A projectile has an initial velocity vector~v =
(

2
√

3
2

)
. Which of the following is the correct

statement of its initial speed and angle of projection from the horizontal?

A) 4m/s at 30◦;

B)
√

10m/s at 30◦;

C) 4m/s at 60◦;

D)
√

10m/s at 60◦.

4. If f (x) = ex+2 what is the inverse function f−1(x)?

A) f−1(x) = ey−2;

B) f−1(x) = ey+2;

C) f−1(x) = loge x−2;

D) f−1(x) = loge x+2.
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5. The radius of a sphere is increasing at the rate of 5 centimetres per minute. What is the rate
of increase of the volume of the sphere, in cubic centimetres per minute, when the radius is 6
centimetres?

A) 144π;

B) 288π;

C) 600π;

D) 720π .

6. If x+a is a factor of 4x3 +13x2 +ax, then the value of a is:

A) 3;

B) 1;

C) −3;

D) −4.

7. If ~a =−2î− ĵ and~b = mî− ĵ, where m is a real constant, then the vector ~a−~b will be perpen-
dicular to vector~b when m is:

A) 0 or 2;

B) 0 or −2;

C) −1±
√

3;

D) −1±
√

5.

8. If t = tan
θ

2
which of the following expressions is equivalent to 4sinθ +3cosθ +5?

A)
2(t +2)2

1− t2 ;

B)
(t +4)2

1− t2 ;

C)
2(t +2)2

1+ t2 ;

D)
(t +4)2

1+ t2 .

9. What is the value of cos−1(sinα), where
π

2
< α < π?

A) π−α;

B)
π

2
−α;

C) α− π

2
;

D) α +
π

2
.
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10. The function y = sin2x is shown in the diagram.

If this function is transformed using steps I, II and III as below:

I. Reflected about the x-axis
II. Vertically translated 1 unit down
III. Dilated horizontally by a scale factor of 2.

Which equation would represent the transformed function?

A) y =−(sinx+1);

B) x = 2(sin(2y)−1);

C) y =−(sin(4x))+2;

D) y =−2sin(2x)−1.

End of Section I
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Section II

60 marks
Attempt Questions 11–14
Allow about 1 hour and 45 minutes for this section

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

For questions in Section II, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11. (15 marks) Use the Question 11 Writing Booklet

(a) Solve for x:
1−2x
1+ x

≥ 1.
3

(b)

(i) Express sin2x+
√

3cos2x in the form of Rsin(2x+α). 2

(ii) Find the greatest value of sin2x+
√

3cos2x and the values of x, 0≤ x≤ 2π ,
at which it occurs. 2

(iii) Hence, or otherwise, solve sin2x+
√

3cos2x = 1, 0≤ x≤ 2π 3

(c) By using substitution u = tan−1 x evaluate
∫ etan−1 x

1+ x2 dx

2

(d) P(x) is an odd polynomial of degree 3. It has (x+ 4) as a factor and, when it is divided by
(x−3), the remainder is 21. Find P(x).

3
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Question 12. (15 marks) Use the Question 12 Writing Booklet

(a) The semi-circle y =
√

r2− x2 is show on diagram.
2

The shaded area of thickness w is rotated
about the x-axis to form the volume of a ‘cap’.
Show that the volume of the solid of revolu-
tion V is given by

V =
π

3
(3r−w)w2.

(b) Consider the equation cosx−2sinx = 1, for −π ≤ x≤ π .

(i) Show that the equation can be written as t2 +2t = 0, where t = tan
x
2

. 2

(ii) Hence, solve the equation for −π ≤ x≤ π , giving solutions to the 2 decimal places where
necessary. 2

(c) (i) By equating coefficients, find the values of P and Q in the identity

P(2sinx+ cosx)+Q(2cosx− sinx)≡ 7sinx+11cosx 2

(ii) Hence, or otherwise, evaluate ∫ π

2

0

7sinx+11cosx
2sinx+ cosx

dx 2

(d)

A particle P is in equilibrium under the action of
four forces of magnitude 6 N, 5 N, F N and F N
acting in the directions shown in the diagram on
the right.

(i) By considering the vertical components of
the forces, find an expression for F in terms
of α . 2

(ii) Hence, determine the value of α , correct to
the nearest degree. 3
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Question 13. (15 marks) Use the Question 13 Writing Booklet

(a) (i) Prove that
cos−1 (−x) = π− cos−1 x 2

(iii) Hence, or otherwise, evaluate

cos−1
(

sin
(
− π

3

))
2

(b)

A hemi-spherical bowl has a radius of 3
m. Oil is poured in at a constant rate of
π

3
m3/min.

(i) Show that, when the depth of the oil is h metres, the volume of oil is:

V =
π

3
(9h2−h3) 2

(ii) Show that the depth of the oil in the bowl after 8 minutes is 1 meter?

3

(iii) At what rate is h increasing at this time?

2

(c) Prove, by the method of mathematical induction that:

sinq+ sin3q+ sin5q+ ...+ sin(2n−1)q =
1− cos2nq

2sinq
, forn = 1,2,3, ...

4
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Question 14. (15 marks) Use the Question 14 Writing Booklet

(a) If f (x) = 2−
√

x, x≥ 0, and g(x) = (x−2)2 for all x, find the values of x for which

f
(
g(x)

)
= g
(

f (x)
) 3

(b) An enemy plane is flying horizontally at height h metres with speed U m/s.
When it is at point P, a ground rocket is fired towards it from the origin O with speed V m/s and
angle of elevation α .
The rocket misses the plane, passing too late through the point P. However, it goes on to reach
a maximum height of 3h metres and then on its descent strikes the plane at Q.

With the axes as shown in the diagram, you may
assume that the position vector, ~s, of the rocket at
any time is given by:

−→
s(t) = x(t)î+ y(t) ĵ,

x(t) = vt cosα

y(t) =−1
2

gt2 + vt sinα

where t is the time in seconds after firing and
g is the acceleration due to gravity.

(i) Show that the initial vertical velocity component (vsinα) of the rocket’s speed equals√
6gh.

2

(ii) If the rocket had not struck the plane at Q, it would have returned to the x-axis at a distance
d metres from O. Show that the horizontal component (vcosα) of the rocket’s speed equals

gd
2
√

6gh
2

(iii) Show that Cartesian equation of the trajectory of the rocket is

y =
12hx

d

(
1− x

d

)
. 2

(iv) If the horizontal component of the rocket’s speed is 100(3+
√

6) m/s, find the time taken
by the rocket to strike the plane at Q, in terms of d. 2

(v) Find the speed of the enemy plane. 1

(c) Given the binomial expansion of:

(1+ x)n = a0 +a1x+a2x2 + ...+anxn

(1+ x)n+1 = b0 +b1x+b2x2 + ...+bn+1xn+1

and knowing (1+ x)n+1 = (1+ x)n(1+ x), find the expression, in terms of n only, of:
1

a0a1a2...an
× (ao +a1)(a1 +a2)...(an−1 +an) for n = 1,2,3, ...

3

End of Examination
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