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Mathematics Extension 1

General Instructions Total Marks — 70
e Reading time — 5 minutes. Section I (Pages 1 —4)
e Working time — 2 hours. 10 marks

e Attempt all Questions 1-10 on the multiple
choice answer sheet provided.
e Write using black or blue pen for e Allow about 15 minutes for this section

e Write using pencil for Questions 1-10.

Questions 11-14. Black pen is preferred.
Section II (Pages 5 — 12)

60 marks

e Attempt Questions 11-14
e Allow about 1 hour 45 minutes for this section

e FErasable pens are not to be used.
e Board approved calculators may be used.
e A reference sheet is provided.

e In Questions 11-14, show relevant
mathematical reasoning and/or calculations.
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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 The point A4 has coordinates (2,—3) and the point B has coordinates (—4,5).
Find the coordinates of the point which divides 4B internally in the ratio 4:3.

2 What is the remainder when x’ —10x is divided by x+5?

(A) -75
(B) 75
(C) x*—2x

(D) x*—5x+15

3 What is the cartesian equation of the tangent to the parabola x=¢-3,y =¢>+2 at t = —3?

(A) 6x—-y—-25=0
(B) 6x—y-36=0
(C) 6x+y+25=0
(D) 6x+y+36=0



4 What is the best representation of the graph y = xtan™ x?

Y Yy
(A) B)
0 x 0 g
Y Y
©) (D)
O x (@) X

Not to Scale

Two secants from the point 4 cut the circle centre O at BC and ED.
Given AB = DE =x, BC =10 and EA =4, which of the following is the value of x?

(A) x=6
(B) x=8

<) x=2
D) x=5



6

The diagram shows the graph of y = f(x). f(x)=0 has a solution at x =w.

Y

/

/W 0 a b c d X g

Newton’s method can be used to give an approximation close to the solution x = w.
Which initial approximation, x, will give the second approximation that is closest to

the solution x =w?

(A) x=a
(B) x =b
C) x=c
(D) x=d

A particle moves in a straight line. Its position at any time ¢ is given by
x =4sin 2t +3cos 2.
What is the acceleration in terms of x?

(A) X=—-4x
(B) i=-8x
(C) ¥=-16x"

(D) X=-16sin2x—12cos2x



What is the general solution to the equation 2sin* @ —3sinf—-2=0?
(A O=nz+(-1)

(B) O=nzx+(-1)

al§ ol 2w

C 6= n7z+(—l)"

(D) 6=nzx+(-1) “T”
What is the domain of f(x) =sin™' (4x)?
A) —rn<x<nrx
B) —-4<x<4

V4 T
C) ——<x<-—
© = 2

D) -

What is the value of & such that

k
jLzzq
> A16—x> 6

27
(A) Y
(B) 243
4r
©) N
NE)
(D) BN



Section 11

60 marks
Attempt Questions 11-14

Answer each question in a SEPARATE writing booklet. Extra booklets are available.
Your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks) Use a Separate Booklet. Marks
(a) Solve x—gsl. 2
X
0
(b) Evaluate j xv/1+ x dx using the substitution u =1+ x. 3
-1
(¢) Find the exact value of tan (?—Zj , leaving your answer in 3
simplified exact form.
(d) The diagram shows points 4 and B lying on a circle with centre O and radius r.
The arc AB subtends an angle @ at O. The line OB produced and the tangent at 4
intersect at C.
Not to Scale
A C
(1) It is known that AC is twice the length of the arc AB. 2
Show that tan @ =26
(i)  One solution to the equation tan @ =26 is approximately 6 =1.2. 2

Use one application of Newton’s method to find a second approximation.
Give your answer correct to two decimal places.

Question 11 continues on page 6
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Question 11 (continued)

(e) Two circles intersect at 4 and B. PAR is a straight line where P is a point
on the first circle and R is a point on the second circle. The tangent at P and
the tangent at R meet at Q. Prove that BPOR is a cyclic quadrilateral.

0

Not to Scale

End of Question 11



Question 12 (15 marks) Use a Separate Booklet. Marks

(a) Use mathematical induction to prove

1- 2 1- 2 1- 2 v 1= 2 =(n+2j for all integers n > 2.
2x3 3x4 4x5 n(n+l) 3n

(b)

x*= 4ay

Not to Scale

P(2ap, apz) and Q(Zaq,aqz) are two points which move on the parabola x° = 4ay

such that ZPOQ =90°, where 0(0,0) is the origin. M(a(pﬂl)a%a(l?z +‘12)j is

the midpoint of PQ. R is the point such that OPRQ is a rectangle.

(i)  Show that pg=-4.
(i)  Show that R has coordinates (2a (p+q).,a (p2 +q° ))

(iii) Find the equation of the locus of R.

Question 12 continues on page 8



Question 12 (continued)

(¢) A sphere is being heated so that its surface area is increasing at a rate of 1.5 mm?/s.

Using the formulae for the surface area and volume of a sphere as A4 =477 and V = %mﬁ

respectively:

(i)  Show that dr = 3

. 2
dt 16zxr
(i) Hence, find the rate at which the volume is increasing when the radius 2
is 60 mm.
d) A particle is moving in a straight line with v* =36 —4x".
p g g

(i)  Prove that the motion is simple harmonic. 1
(i) Find the period and amplitude of the motion. 2
(i) If the particle is initially at the origin, write an expression for 1

its displacement in terms of z.

End of Question 12



Question 13 (15 marks) Use a Separate Booklet. Marks

(a) A particle moves in a straight line so that at time ¢ seconds, it has acceleration
ams™, velocity v ms™ and position x metres relative to a fixed point on the line.
The velocity and position of the particle at any time # seconds are related by
v=—x". Initially x=1.

(i)  Find the initial acceleration of the particle. 2

(i) Express x in terms of 7. 2

25

(b)  Suppose (7+ 3)c)25 = Zthk.

k=0
() Use the Binomial Theorem to write an expression for 7, 0 <k <25. 1
. t 3(25-k
(i) Show that *L = Q 2
t,  1(k+1)
(ii1)) Hence, or otherwise, find the largest coefficient #,. You may leave your 2

) 25 J
answer in the form ‘ 7¢37,

Question 13 continues on page 10



Question 13 (continued)

(©)

Not to Scale

60°

30°

60°

A footpath on horizontal ground has two parallel edges, 4B and CE.

CD is a vertical flagpole of height /& metres which stands with its base C

on one edge of the footpath.

A and B are two points on the other edge of the footpath such that 4B =7m

and ZACB = 60°. From 4 and B the angles of elevation of the top (D) of the
flagpole are 30° and 60° respectively.

(i)  Find the exact height of the flagpole.

(i) Find the width of the footpath correct to one decimal place.

End of Question 13
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Question 14 (15 marks) Use a Separate Booklet. Marks

(a) Solve V3sinx—cosx=1, 0<x<2r, using ¢ = tan% as a substitution. 3

(b) A cup of hot coffee at temperature 7°C loses heat when placed in a cooler environment.
It cools according to the law

T=T,+A4e™"
where ¢ is time elapsed in minutes, and 7, is the temperature of the environment in
degrees in Celsius.

(i) A cup of coffee at 100°C is placed in an environment at —20°C for 3 minutes, 2
and cools to 70°C. Find the exact value of £.

(i) The same cup of coffee, at 70°C, is then placed in an environment at 20°C. 2
Assuming k remains the same, find the temperature of the coffee after a
further 15 minutes. Give your answer to the nearest degree.

1 1

(©) Evaluatej ¢
o V1I—x°

dx using the substitution u = cos™ x 2

Question 14 continues on page 12
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Question 14 (continued)

(d)

A film director must decide whether a stuntman is able to perform a dangerous stunt.

The stuntman must leap from a building onto the centre of some erected scaffolding.

The centre of the scaffolding is 5 m below his initial position and at a horizontal distance

of 14 m. The stuntman jumps at an angle of 30° above the horizontal. Let the stuntman’s
initial velocity be V, and let x and y be his horizontal and vertical displacements respectively
from his initial position.

Not to Scale
OD
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You may assume that the velocity and displacement equations are:

x =V cos30° y=-10¢+V sin30°
x =Vt cos30° y =-5t" +Vtsin30°
(i)  Show that the Cartesian equation of the stuntman’s path is 2
B —20x° L X
SETZRRNCS
(i) Hence, determine the required initial velocity ¥, so that he lands 2

in the centre of the scaffolding. Write your answer to the nearest m/s.

(iii) Safety requirements are such that if the impact velocity is greater 2
than 15m/s, then padding must be placed on the scaffolding. Assuming
that the stuntman leaps at the required speed, determine whether padding
is needed or not.

End of Paper

12
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