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Mathematics Extension 1

General Instructions

e Reading time — 5 minutes

¢ Working time — 120 minutes

e Write using black or blue pen

e Board-approved calculators may be used

¢ Show all necessary working in
Questions 11-14

¢ Marks may be deducted for careless or
badly arranged work

Total marks — 70
Exam consists of 9 pages.

This paper consists of TWO sections.

Section 1 —-Pages 2-4 (10 marks)
Questions 1-10

Attempt Questions 1-10

Allow about 15 minutes for this section.

Section II ~ Pages 5-9 (60 marks)
Attempt questions 11-14
Allow about 1 hour and 45 minutes for
this section.

Reference Sheet is provided.



Section I - Multiple Choice (10 marks)
Allow about 15 minutes for this section.

Use the multiple choice page for Question 1-10

1 The remainder when P(x) = 2x3 — 5x — 3 is divided by (2x + 1)?
- (A) —6
3
B) -3
<€) 0
V 3
; (D) 4
2 What are the solutions to the equation
‘ e* —7e3¥ +6=0
(A)x=1landx =6
1
- (B) x=Oandx=—()—gf—9

(C) x=0andx = 292°

loge 6

D) x=1landx =

3 P,Q,R and S are points on a circle with centre o.
£@PR = 50°. Find the values of x = 2ZQOR and y = £QSR

“(A) x =50°y = 50°
(B) x =100°y = 25°
(C) x =100°y = 50°
(D) x = 50°y = 25°



:f6c0523xdx=

(A) 2sin®3x+c
"(B) 2cos36x+c
(C) 3x —-zl-sin 6x + ¢

(D) 3x+sin6x + ¢

- What is the solution to
2t+1

t—2

(A) t>=3

(B) t<~3ort>2
C) -3<t<2

D) t<-2ort>3

>1

_ The number of ways can a committee of 12 be choosen from 15 men and 6 women so that there are
- at least 11 men is

(A) #1Cy,

B) 15C1q X 12Cy

| (€ Y5Cip +1°C11 x 6
(D) ¥Cip +Cyy

Find the inverse function, f ~1(x), in terms of x, when the function f (x) is given by

2
YT x¥1
(A) y=">
®) y=">
© y=="
@) y="2



8

10

If x is an acute angle, which of the following is equivalent to the expression

4 4+ 4cos2x
1 - cosZx

(A) 2cot?x
“(B) 2cotx
(C) 2tanx
(D) 2tan®x

A point P(x,y) moves such that x = sin8,y = cosec8.

Which of the following best describes the locus of P?

" (A) Parabola
(B) Circle

(C) Hyperbola

| (D) Straight Line

Find f(x) if f(x) = tan~1(x) + x tan~(x)

(A) 1+1x2
| (B) f:::z
(C) tan"tx + 1+1x2
| (D) tan~tx + f:xlz

End of Section 1



Section II (90 marks)
© Allow about 2 hours and 45 minutes for this section.

Answer each question on the appropriate page in the writing booklet.

Question 11 (15 marks) Marks

a)  Show that

Y sin5x 5 . 1
xllr(l) 7x 7
b) Giveny =3cos ! 2x
(i) State the domain and range 2
(ii) Hence sketch y = 3cos™! 2x 2

~¢)  An object, removed from a freezer at —5°C, is placed in a room where the temperature is
" kept constant at 15°C. Thereafter, the object’s temperature, T°C, is changing so that after ¢

- minutes,
ar ]
i k(15-T) where k is constant
(i) Verify that the function T = 15 — Ae™ ™" satisfies this condition 1
- (i) Find the value of 4 | 1
_ (iii) If initially, the temperature was increasing at 5°C per minute, find the value of k 1
(iv) Find to the nearest second, the time taken for the temperature to rise to 0°C 1
~d) Find the acute angle (correct to the nearest minute) between the lines 2

2x—3y—1=0andy;-=-;5-7.

e) A curve is defined by the parametric equations x =t — 3 and y =t — 9.
. dy
(i)  Show that P 2x + 6. 2

(i)  Find the equation of the normal to the curve at t = —3. 2

End of Question 11



;a)

d)

(i) Hence or otherwise, solve 1 + sin 4t + /3 cos 4t = 0 for the domain 0 < t <

" Question 12 (15 marks)

Giveny = 1 + sin4t + v/3 cos 4t:
(i) Express sin 4t ++/3 cos 4t in the form R sin(4t + a).

AL

A polynomial P(x) is monic and of degree 5.
It has a single zero at x = —2 and a double zero at x = 1.
The other two zeroes are equal in magnitude and opposite in sign.

_ Given P(0) = —18, write P(x) in fully factorised form.

Evaluate
V3 dx
1 \/4 - x2
Solve for x
2
x+4z—
x+3

From the base of a lighthouse (P), a yacht (C) is on a bearing of 135°T and another vessel
(D) is on a bearing of 220°T. From the top of the lighthouse (L), 115 metres above sea-
“level, Yacht C is at an angle of depression of 10° while vessel D is at an angle of
- depression of 23°.

135°T

Calculate the distance between the two vessels at that moment, correct to the nearest
metre.

End of Question 12



Question 13 (15 marks) Marks

a) (i)  Show that sin(4 + B) + sin(A — B) = 2sin A cos B 1
| (i) Hence or otherwise, find the exact value of 2
b
Jssin 4x cos 2x dx
0
| b)  Use the method of mathematical induction to prove that 4™ + 14 is a multiple of 6 for all 3

integers n = 1.

¢} Theequation x® + 2x% + 3x + 6 = 0 has roots @, § and y. 2

1 1
— 4=
i4

1
Find the value of — +
a B

d) Consider theword MATHEMATICS

(i) Find how many distinct ways the letters can be arranged

(ii) How many arrangements are the 4 vowels together? : 2
(iii) How many arrangements begin and end with the letter M? 2

e) : -1 (P-qY\ _ &palp-9) 2
Show that sin (2 cos (p+q)) = prq)?

End of Question 13



Question 14 (15 marks)

a) Find the volume formed when the area bounded by the curve y = sin x, the line x = 1;-

and the x-axis is rotated about the x-axis.
y

)= sinx

b)  After t months, the number of goats on an island is given by N = 500 — 400e~01¢,

(1) Sketch the graph of N as a function of #, showing clearly the initial
population size.

dN dN
(1)  Show that the rate of growth Y is given by P 0.1(500 — N).

(iit)  Find the population size for which the rate of growth is half the initial rate of
growth.

c) P(2ap, ap?) is a point on the parabola x? = 4ay with focus, S(0, a). The point Q lies
- on PS produced and Q divides PS externally in the ratio 4: 3.

¥y

N

PQap ,ap’)

i)  Show that Q has co-ordinates (—6ap, a(4 — 3p?))
ii) ~ Show that the locus of @, as P varies, is a new parabola and find its focal point.

Question 14 continued on the next page

8



d) A triangle ABC, is right angled at A and has sides of length a, b and c. A circle of radius
- r, centre at 0, is drawn so that the sides of the triangle are tangents to the circle. P, Q
and R are the points where the tangents AB, AC and BC meet the circles respectively.

- Copy the diagram into your answer booklet

i)  Prove that AQOP is a square

c+b—-a

i1)  Provethat PAis

End of Exam



Mathematics Extension 1

Angle sum identities

sin{6+¢) =sinfcos¢ + cosHsing

cos(0+¢) = cos@cos¢ —sinBsing

tan@ + tan¢g
ta =
o6+ %) 1—tanftang

t formulae

= tang, then

2t
sinf =
1462
1-1*
cosf =
1+£2
2
tan@ = —

General solution of trigonometric equations
sinf=a,  O=nz+(-1)sin"'a
cosf=aq, 8=2nntcos  a

tanf = a, @=ng+tan g

Division of an interval in a given ratio

mx, +nx,  my; +ny
m+n ' m+n

Parametric representation of a parabola

2
For x* = 4ay,
x=2a y= at®

At (2at, at?),

tangent: y=fx — ar*
normal: x+ &y =af’ + 2at
At (x, %),

tangent: xv; =2a(y+y,)

aormal: y—y, = -—gx‘i(x - *"1)
1

Chord of contact from (XO, yo): xxy = 20()’+ }’o)

Acceleration

d’x _dv _ dvvd’(l 2)
a4t dx dx

Simple harmonic motion

x= b{acos(nt+ a)

5:’=—n7'(x— b)

Further integrals

—I———dx= sin? 24 ¢
2 2 2

- X

2 2

1 = lantiic
a“+x @ a

Sum and product of roots of a cubic equation

a+,6-|;y = —%
c
af +ay + By = a.
d
oy =

Estimation of roots of a polynomial equation
Newton’s method

£x)
f '("1)

)C2 =xl—-

Binomial theorem

(:-z+b)“ = i[:]akbnﬁc - i[;‘)anvkbk

k=0 k=0

&
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Mathematics

’ Factorisation

a?-b? =(a+ b)(a-—b)
S+ b =(a+b)(a2wab+b2)
a®-b’ =(a—b)(a2+ab+b2)

Angle sum of a polygon
S=(n-2)x180°

Distance between two points
d= \/(xz - xl)z + (Yz _}’1)2

Perpendicular distance of a point from a line

ax; + by, +c’

I
d=
JaZ 5t

Slope (gradient) of a line
bl

Equation of a circle
(x=h) +(y-k) =r?

Trigonometric ratios and identities

. ite sid
sing = Jpposite side cosecgz_'l_
hypotenuse sinf
dj ide
cosf =2 jacent si secd =
hypotenuse cosé
tanf = op?osne s‘nde tand = sinf
adjacent side . cos@
cos@
ot8 =
sin@
sin0 + cos?8 =1

Exact ratios

45°)
V2 1
45°
1
Sine rule
a b ¢

sind  sinB  sinC
Cosine rule

¢? = g%+ b% - 2abcosC
Area of a triangle

Area = %ab sinC

m:
XX

Point-gradient form of the equation of a line

y~y1=m(x—xl)

nth term of an arithmetic serles
I, =a+(n-1)d

Sum to n terms of an arithmetic series

n
5,=2{2a+(n-1d] or s, =-g—(a+l)

nth term of a geometric series

e =l
T =ar

Sum to n terms of a geometric series

g =a(r"—-1) or Sn:a(;::u)

" r-1

Limiting sum of a geometric series
73

1-r

S =

Compound interest

r n
A =P|1+—
" ( 100)

Mathematics (continued)

Ditferentiation from first principles
. x+h)- f(x)
(x)= hmz—(——————————
S(x) pim .
Derivatives

If y=x", then ?: nx™!
x

dy dv du

o ,th —— = Y ——t Yy—

If y=uv endx udx vdx

du dv

& dx “ax

If y==,then L= __ &%
v dx v

If y=F(u), thén %: 1'*"(::‘5)%;’i
¥ y=e then %=f’(x)ef(")

If y=log, f(x)=1nf(x), then %: f;((;))

If y=sinf(x), then % = f(x)cos f(x)
dy ” .
If y=cos f(x), then o = )sinf(x)

If y=tan #(x), then % = f/(x)sec? £(x)

Solution of a quadratic equation

—b B ~4dac

2a

Sum and product of roots of a quadratic equation

a+,8=—§ aﬁ:-f;

Equation of a parabola

(x—h)z =tda(y-k)

Integrals
n B (ax+b)n+l
f(axv&-b) dx = ———————-—a(n+1) +C

jeamb dx = ;ll_eax+b+c

S, X
jf(x) dx = In| f(x)|+C

jsin(ax—x-b)dx = ~%cos(ax+ b)+C
fccs(ax +b)dx = i—sin(ax+ by+C
fsecz(ax+b)dx = é—tan(ax-!-b)«!-c

Trapezoidal rule (one application}

]
L F@dx = L2 1)+ 78]

Simpson's rule (one application)

ff(x)dx - 22 @ +ar(222 )+ 100

Logarithms -~ change of base
log, x

log x=
Ea* log,a

Angle measure

180° = 7z radians

Length of an arc
l=r6

Area of a sector

Area = —1—r20
2

~3-
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