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JRAHS Year 12 Mathematics Extension 1

SECTION I
MULTIPLE CHOICE QUESTIONS

Attempt Questions 1 – 5 (1 mark each).

Allow approximately 8 minutes for this section

1. The value of the expression

36log65 + 101−log102 − 3log936

is:

A)
74

3
;

B) 24;

C)
73

4
;

D) 6.

2. Which of the following is an expression for

∫
cos2 2xdx?

A) x− 1

4
sin 4x+ c;

B) x+
1

4
sin 4x+ c;

C)
x

2
− 1

8
sin 4x+ c;

D)
x

2
+

1

8
sin 4x+ c;

3. The graph of the function f(x) = ex sinx, 0 ≤ x ≤ π, has a maximum gradient of:

A) 1;

B) π
2
;

C) eπ;

D) e
π
2 .

4. The angle between tangents of the graph y = 2x3 +x at the points (−1,−3) and (1, 3) is:

A)
π

3
;

B) tan−1(6);

C) 0;

D)
π

2

5. Four functions f1(x) = 2 log2 x, f2(x) = log2 x
2, f3(x) = 2 log2 |x| and f4(x) =

2

logx 2
are

given, find the true statement:

A) f1 6= f2 = f3 6= f4 6= f1;

B) f2 6= f1 = f4 6= f3 6= f2;

C) f3 6= f1 = f2 6= f4 6= f3;

D) all four functions are equal.

END OF SECTION I
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SECTION II

EXTENDED RESPONSE (77 marks)

77 marks

Attempt Questions 6 – 12

Allow approximately 1 hour and 52 minutes for this section

MARKS:

QUESTION 6. (11 marks) COMMENCE A NEW PAGE

(a) Find

lim
x→0

(
sin 3x

2x

)
1

(b) Using the substitution u = 1 + ex, find the value of

∫
e3x

1 + ex
dx.

3

(c) Use mathematical induction to prove that 32n−1 is divisible by 8, for all integers n ≥ 1.

4

(d) A ladder 3 metres long has its top end resting against a vertical wall and its lower end on

horizontal ground. The top end of the ladder is slipping down at a constant rate of 0.1

metres per second. Find the rate at which the lower end is moving away from the wall

when the lower end is 1 metre from the wall.
3

QUESTION 7. (11 marks) COMMENCE A NEW PAGE

(a) Consider the function

f(x) = cos x+
√

3 sinx, 0 ≤ x ≤ 2π

Given that f(x) can be expressed in the form r cos(x− a), where r > 0 and 0 < a < π
2
:

(i) Show that the values of r = 2 and a = π
3
.

2

(ii) Find the range of the function.
1

(iii) Find the coordinates of the y-axis intercept.
1

QUESTION 7. (continues on next page)
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QUESTION 7. (continues from previous page)

MARKS:

(iv) Find the coordinates of the x-axis intercept.

2

(v) Graph f(x) = cos x+
√

3 sinx.

2

(vi) Find the volume of the solid formed when the region bounded by the graph of

y = f(x), the x-axis and y-axis is rotated abut the x-axis.

3

QUESTION 8. (11 marks) COMMENCE A NEW PAGE

(a) Let f(x) = x loge(x− 1). What is the domain and range of f(x)?

2

(b) (i) Find the value of a such that

1

x+ 1
− 1

x+ 4
=

a

(x+ 1)(x+ 4)
.

1

(ii) Hence or otherwise, find the value of∫ 1

0

dx

x2 + 5x+ 4

2

(c) Use substitution x = 2 sin θ to evaluate

∫ 1

0

√
4− x2dx.

3

(d) (i) Find the derivative of f(x) = tan(x2).

1

(ii) Hence or otherwise evaluate

∫ a

−a
x sec2(x2)dx.

2
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MARKS:

QUESTION 9. (11 marks) COMMENCE A NEW PAGE

(a) In the arithmetic sequence T4 = 5. Find the value of the common difference, d, when the

sum of the squares of the first three terms in the sequence is a minimum.

3

(b) Prove by mathematical induction that for all positive integer values of n,

1

3
× 1

1
+

1

5
× 1

3
+

1

7
× 1

5
+ ...+

1

(2n+ 1)
× 1

(2n− 1)
=

n

2n+ 1
.

4

(c) Sketch the graph of

y =
24

x2 + 2x− 24
.

State the equations of any asymptotes. Find the coordinates of any axis intercepts and

any turning points.

4

QUESTION 10. (11 marks) COMMENCE A NEW PAGE

(a) (i) Show that the equation of the tangent to the parabola x2 = 4Ay at any point

P (2Ap,Ap2) is given by px− y − Ap2 = 0.

2

(ii) S is the focus of the parabola and T is the point of intersection of the tangent and

the y-axis. Prove that SP = ST .

3

(iii) Hence show that ∠SPT is equal to the acute angle between the tangent and the line

through P parallel to the axis of the parabola.

2

QUESTION 10. (continues on next page)
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QUESTION 10. (continues from previous page)

MARKS:

(b)

The diagram shows a conical wheat flu. The flu is being

filled with wheat at the rate of 2 m3 per minute. The

height of wheat at time t minutes is h metres and the

radius of the wheat’s top surface is r metres.

(i) Show that r =
3h

10
.

1

(ii) Find the rate at which the height is increasing when the height of the wheat is 8 m.

(Volume of cone =
1

3
πr2h).

3

QUESTION 11. (11 marks) COMMENCE A NEW PAGE

(a)

A light aircraft flying at a height of 500 m

above the ground is sighted by an observer

stationed at a point, O, on the ground, 1 km

due west of the plane. The aircraft is flying

south-west from A
′
(along A

′
B

′
) at 300 km/h.

(i) How far will it travel in 1 minute?
1

(ii) Find its bearing from OO
′

at this time.
3

(iii) What will be its angle of elevation from O at this time?
2

(b)

In the diagram, AB is a diameter of the circle,

centre O, and BC is tangential to the circle

at B. The line AED intersects the circle at

E and BC at D. The tangent to the circle at

E intersects BC at F . Let ∠EBF = α.

(i) Copy the diagram into your Writing Booklet labelling all appropriate information.
1

(ii) Prove that ∠FED =
π

2
− α.

2

(iii) Prove that BF = FD
2
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MARKS:

QUESTION 12. (11 marks) COMMENCE A NEW PAGE

(a) The cylinder, with the radius x and height H, is inscribed in a cone of height h.

(i) If θ is semi-vertical angle of the cone, show that the volume of cylinder is given by:

V = π(x2h− x3 cot θ)

2

(ii) Show that for the maximum volume of the inscribed cylinder the height of the

cylinder is the third of the height of the cone, H =
1

3
h.

3

(b) (i) Write down an expression for cos(a+ b) and hence prove that cos(2q) = 1− 2 sin2 q.

1

(ii) Prove the identity
cos y − cos (y + 2q)

2 sin q
= sin (y + q).

2

(iii) Use mathematical induction and the result of part (ii) to prove the identity:

sin q + sin 3q + sin 5q + ...+ sin (2n− 1)q =
1− cos 2nq

2 sin q
.

3

END OF THE TEST
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