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Mathematics Extension 1

Time allowed: 2 hours

(plus 5 minutes reading time)

Syllabus | Assessment Area Description and Marking Guidelines Questions
Outcomes
Chooses and applies appropriate mathematical techniques in 1-10
order to solve problems effectively
HE2, HE4 | Manipulates algebraic expressions to solve problems from topic | 11, 12
areas such as inverse functions, trigonometry, polynomials and
circle geometry.
HE3, HE5S | Uses a variety of methods from calculus to investigate 13
HE6 mathematical models of real life situations, such as projectiles,
kinematics and growth and decay
HE7 Synthesises mathematical solutions to harder problems and 14
communicates them in appropriate form
Total Marks 70 Sectionl | Total 10 | Marks
Section] 10 marks Q1-Q10
Multiple Choice, attempt all questions, Section Il | Total 60 | Marks
Allow about 15 minutes for this section Q11 /15
Sectionll 60 Marks Q12 /15
Attempt Questions 11-14, Q13 /15
Allow about 1 hour 45 minutes for this section Q14 /15
Percent
General Instructions:

Questions 11-14 are to be started in a new booKklet.
The marks allocated for each question are indicated.
In Questions 11 - 14, show relevant mathematical reasoning and/or calculations.
Marks may be deducted for careless or badly arranged work.
Board - approved calculators may be used.
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SECTION I (One mark each)
Answer each question by circling the letter for the correct alternative on this sheet.

1 What is the solution to the inequality )%2 <47
(A) x<-2and xz—%

(B) x>-2and xs—%

(C) x<2and x> 1741

(D) x>2 and xglzl

2 P,Q,RandS are points on a circle with centre O. ZQPR =40".

Why are the values of x and y?
(A) x=40"and y=20°
(B) x=40" and y =40
(C) x=80"and y=20°
(D) x=80" and y =40

3 The point P divides the interval AB joining A (—4,-3) and B(1, 5) externally in the ratio 3:2.
What are the coordinates of P?

(A) (-14,-19)
(B) (-11,-21)
C) (@121
(D) (14,19)
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4 How many distinct permutations of the letters of the word ‘DIVIDE’ are possible in a
straight line when the word begins and ends with the letter D?

(A) 12
(B) 180
(C) 360
(D) 720

5 What is the exact value of the definite integral '[(sinz X+ X)dx ?

2

(A) KY i )
8
Ky
B
(B) g
(©) 37t +27+2
8
3’ +2rx
D
(D) 2

6 What is the value of f'(x) if f(x)=2x*cos"2x?

—8x
(A) :
1-2x
—8x
(B) :
1-4x
_ 2
(C) ax +4xc0s ™ 2x
\J1-2x?
_ 2
(D) 4x +4xc0s ™ 2x
V1-4x?
7 Which of the following is equivalent to the expression sin20+sin¢ ?
cos26 +cosf+1
(A) coté
(B) secéd
(C) siné
(D) tanéd
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8 A point P moves in the xy-plane such that P(tan6, cot0) is its parametric presentation
with the parameter @, where @ is any real number. The locus of P then is a

(A) Parabola

(B) Circle

(C) Hyperbola
(D) Straight Line

9 The radius of a balloon is expanding at a constant rate of 1.3cms™ . The rate of
change of the surface area of the balloon when its radius is 6.3cm is ?

(A) 498.76 cm®*s™
(B) 68.61 cm’s™

(C) 205.84 cm?s™
(D) 158.34 cm?s™

10  Which of the following expressions is correct?

(A) tan'x= cos™
1-x°

(B) tan'x= cos™ !

[y

x +
>

N N

(C) tanx= cos™

H
< |
>

(D) tan'x= cos™

:

1+ x?
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SECTION Il (15 marks each)

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

QUESTION 11: Use a separate writing booklet

(a)
(i) Write down the expansion of tan(A+B). [1]
(ii) Find the value of tan (1_72[) in simplest surd form. 2]
(b) Show that lim 304X _ 4 ]
x—>0  Ox 9

(c) Use Newton’s method to find a second approximation to a root of x—e™ =0, given
that x =0.5 s the first approximation. Give the answer correct to three decimal
places. [2]

(d) The roots «, B and y of the equation 2x* +9x* —27x —54 = 0 are in geometric

sequence.
(i) Show that B> =ay . [
(i) Write down the value of afy . [1]
(i)  Find &, Aandy. 4]
1
2 3
(e) By using the substitution x =sin @, find _[(1— X*)2 dx. 3]
0
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QUESTION 12: Use a separate writing booklet

(@) The curves y=sin"x and y =cos™ x intersect at point P. The acute angle between
their tangents at that pointis 6. Find 4.

(b)

(i) Express cosx— J3sinx in the form R cos(x+«) for R>0and « acute.

(ii) Hence, or otherwise, find all solutions to cos x —3sinx=2.

(©)

NOT TO SCALE

O is the centre of a circle. TAB is a tangent to the circle at A.
AD bisects the angle CDB .
Copy or trace the diagram into your Writing Booklet.

Prove that the angle ABD s a right angle.
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(d) Ten people arrive to eat at a restaurant. The only seating available for them is at two
circular tables, one that seats six persons, and another that seats four.

() Using these tables, how many different seating arrangements are there for
the ten people? [2]

(i)  Assuming that the seating arrangement is random, what is the probability
that a particular couple will be seated at the same table? [3]

(Question 13 Starts over the page)
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QUESTION 13 Use a separate writing booklet

(a) Find jﬁdx

(b)
(i)  Show that the function T = R+ Ae ™ is a solution of the differential equation
dT
—=-k(T-R).
m (T-R)

(i) A metal cake tin is removed from an oven at a temperature of 180°C . If the
cake tin takes one minute to cool to 150°C and the room temperature is
20°C , find the time ( to the nearest minute ) it takes for the cake tin to cool
to 80°C . (Assume that the cake tin cools at a rate proportional to the
difference between the temperature of the cake tin and the temperature of
the surrounding air.)

2
(c) The acceleration of a particle moving in a straight line is given by % = —7—3,
X

where X metres is the displacement from the origin after t seconds. When t =0,
the particle is 9 metres to the right of the origin with a velocity of 4 metres per
second.

() Show that the velocity, v, of the particle, in terms of X, isv = 12

I
(i) Find an expression for t in terms of X.

(iii)  How many seconds does it take for the particle to reach a point 35 metres to
the right of the origin?

(d)
(i) Show that i(tan3 x) =3sec” x —3sec® x.
dx

s

4
(ii) Using (i) or otherwise, evaluate jsec“ xadx.
0
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QUESTION 14 Use a separate writing booklet
(a)

X

A

O I 21 T
3\/3 \.\

The diagram shows the displacement xcm from the origin at time t seconds of a [:_)arﬁcle_
moving in simple harmonic motion.

0] State the period of the motion. [1]
(i)  Atwhat times during the first 7 seconds is the particle at rest? [1]
(iii)) ~ Show that X=-9x. [1]

(iv)  Given that the particle has initial velocity 4cms™, find the amplitude of the
motion. [2]

(v) Write down an equation for x in terms of t. [1]
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(b) A golf ball is lying at point P, at the middle of the bottom of a sand bunker, which
is surrounded by level ground. The point Ais at the edge of the bunker, and the line
AB lies on the level ground. The bunker is 8 metres wide and 1 metre deep.

The ball is hit towards Awith an initial speed of 12 metres per second, and

angle of elevation « . You may assume that the acceleration due to gravity is 10
-2

ms—.

‘e

Not to scale

- . e = - ———— - - —

in

Q) Show that the golf ball’s trajectory at time t seconds after being hit may be
defined by the equations x = (12cosa)t and y = —5t* + (12sin a)t —1, where
x and y are the horizontal and vertical displacements, in metres, of the ball
from the origin O shown in the diagram.

(i)  Given a =30°, how far from A will the ball land?

(iii)  Find the maximum height above the level ground reached by the ball if
a=30°.

(iv)  Find the range of values of « , to the nearest degree, at which the ball must
be hit so that it will land to the right of A.

END OF EXAMINATION
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