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CERTIFICATE EXAMINATION

Mathematics

General Instructions

Reading Time — 5 Minutes

Working time - 3 Hours

‘Write using black or blue pen. Pencil may
be used for diagrams.

Board-approved caloulators maybe used.

A table of standard integrals is provided on
a separate sheet.

All necessary working shonld be shown in
every question if full marks are to be
awarded.

Marks may NOT be awarded for messy or
badly arranged work.

Answers should be given in simplest exact
form unless specified otherwise.

Start each NEW question in a separate
answer booklet.
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Total Marks — 120
s Attempt Questions 1 ~ 10.

o All questions are of equal.value.

Examiner: A. Fuller

This is an assessment task only and does not necessarily reflect the content or format of the Higher
School Certificate.
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Question 1 (12 marks) Use a separate writing booklet

(a) Evaluate 2 sing correct to three significant figures.

{b)  Solve the equation logg x = 2.

(¢)  Factorise 2x% — 3x — 2.

(@  Expand and simplify (V5 4 1)(2V5 ~ 3).

(¢)  Find the limiting sum of the geometric series g + % + % o+

® Solve the equation |1 — 3x| = 7.

(8)  Find the exact value of sec 5?".

Question 2 (12 marks) Use a separate writing booklet

(@)

)

©

@

(e)

Find a primitive of ¢? + x? with respect to x.

Differentiate with respect to x:
@  sinx+x®

i) (e*+x
36
Evaluate [’ - dx.

x*42
2%

Find |

dx.

Find the coordinates of the focus of the parabola x? = 8(y + 1).



Question 3 (12 marks) Use a separate writing booklet

(a)  Evaluate i ke +1).

k=2

(®  The diagram shows the circle x? -+ y? = 100. P is a point where it meets the

x~axis and Q is a point where it meets the y-axis, as shown.

I
x%+y% =100
(4]

)] Copy the diagram to your answer booklet showing the coordinates

Y

¥y

v O

of Pand Q.

(i)  Provethat R(-6,8) also lies on the circle and plot it on the diagram in (i).

(iii)  Find the gradient of PR.
(iv)  Mis the midpoint of the interval PR. O is the origin.
Prove that OM and PR are perpendicular.
(v)  Show that the equation of the line joining PRis x + 2y — 10 = 0.
(vi)  Find the perpendicular distance of the point Q) from the line joining
FR.
(vii) Calculate the distance PR.

(viii) S lies on the circle. Find the maximum possible area of APRS.

Question 4 (12 marks) Use a separate writing booklet

(a)  Then th term of a certain series is given by T, = 101 — 3n.

@) Show that T, ~ Ty = —3 1
(ii)  What type of series is it? 1
(iii)  What is the first negative term? 2
(iv)  Hence, or otherwise, what is the highest value for S, 2

the sum of the series?

(b)  Differentiate £(x) = § — x2 by first principles. : 2

(¢)  ABCDis a square. PC bisects LACB. @ is the foot of the perpendicular from P to AC.

A P B
¥
e
D c
) Prove that A PBC =4 PQC. 2
(ii)  Hence, prove that AQ = BP. 2




Question 5 (12 marks) Use a separate writing booklet

(a)

Approximate -[-?1 f(x)dx using Simpson’s Rule with five function values.

X -1 0 1 2 3

7 5 2 a1 3 7

(b)  The sketch below shows the curve y = -;-(e" + e™*), called a catenary.

4

) Determine the size of the area bound by the curve ¥ = %(e" +e™*),
the x-axis, the y-axis and the line x = 1,
(i)  Determine the volume generated when the area in (i) is rotated

about the x-axis.

If aand @ are the roots of the equation x? — 5x + 2 = 0.
Find, without solving, the values oft

@ a+p

(@) a?-5a
@ (e+3)(+D)
(iv) a®+p8%

Question 6 (12 marks) Use a separate writing booklet

(@
(®)

©

Solve 4m? — 12m > 0
Consider the graph of y = x® — mx? 4 mx where m is a constant.
(i) I the graph has only one stationary point what is this points’ nature?
() Find2,
(iii)  For what values of m will the graph have:
()  two distinct stationary points
()  only one stationary point?

(iv)  Sketch the graph when m = 3.

o iy =log (11::’;) Prove that % = 2 cosecx.
I
(ii) Hence, Evaluate f“ % cosecx dx.

3




Question 7 (12 marks) Use a separate writing booklet (<)

(a)  Find the equation of the tangent to the curve y = 5?23:1' when x = 0. 3

(b)  The graph of y = f(x) is shown for x = 0.

7
y=f(x)
. (i) The spinner above is spun twice, What is the probability of getting:
(0) two5's?
<5 4\/5 >, (§  the same number on both spins?
(y)  asum of 6 from the numbers that appear on each spin?
(ii)  How many times would the spinner need to be spun to have 2 99%
\ chance of getting at least one 57?

Given that [} f (¥) dx = 13 and that f f(x) dx = 11.

()  Whatis the value of [ f(x) dx? 1
@)  Iff(x) is an odd function, evaluate [°, £(x) dx. 1
(i) I () =5 (9(x) and g(0) = 0. " 2

Sketchy = g(x) for0 < x < 5.

Question 7 continues on the next page End of Question 7



Question 8 (12 marks) Use a separate writing booklet

@

(b)

The population P of a country town is decreasing at an increasing rate.

What does this imply about:
. dap
O 1
- azp
(65)] pre) ? 1
A

A sector, OAB, of a circle is such that, when its radii are x cm, then

LAOB = (; — x) radians, and x varies from O to 7.

(i) Find the area of sector O4B in terms of x. 1

(ii) Find the maximum perimeter of sector OAB. 3

(iii) Prove that the area of A AOB, T, is given by 1
T =28

(iv) Show that, when T'is a maximum, x + 2tanx = 0. 3

(v) The graph of y = tan x is provided on a separate sheet. 1

On this sheet, show how the value of x which makes T a meaximum
can be approximated correct to one decimal place graphically and

provide your answer in the space provided.

Make sure you place this separate sheet in your answer booklet for Question 8

Question 9 (12 marks) Use a separate writing booklet

x L4
4 cosx r
@ b= [ et b= [

o sinx + cosx o sinx -+ cosx

@) Provethatl, + I, = % . 2
@  Provethath ~ I =2In2. ' 2
(idd) Find the value of I;. 1

(b)  On the first of Janmary next year, Murray will invest $1000 in a superannuation
scheme. On the subsequent nine January 1%"® he will make further investments,
increasing them by 4% each year to account for inflation. The scheme pays 10% per
year interest and Murray will withdraw his funds when his final investment has been
invested for 1 year.

@) ‘What is the value of his first investment when withdrawn? 1

(ii) What is the amount of his last investment? 1

(iii) What is the value of his last investment when withdrawn? b 1

@iv) How much has he invested in the superannuation scheme 2
altogether? '

(4] How much has Murray’s superannuation scheme earned from his 2
investments?




Question 10 (12 marks) Use a separate writing booklet

£
(8  The velocity of a particle moving in a straight line is givenby v=1-¢"%. 2

In which direction does the particle first move? Justify your answet.

(b))  The velocity of a train increases from 0 to U at a constant rate a. The train remains at
this velocity U until it decreases from U to O at a constant rate b. The distance of this
journey is D and the time taken is 7.

(§3) Draw a velocity-time graph of the train’s journey indicating 2

how long it takes the train to reach a speed of UL

(i)  Show that the time taken for the journey is given by 2
=l (i L
T_U+(2a+2b)u' !

(© Ifa, b, a + b and ab are positive numbers that form four consecutive terms in a

geometric series.

@) Showthata®+ab—b*=0. 2
(i)  Hence, show that % = _1:‘@. 2
(ii)  Find the value of a. _ 2

End of paper
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2011 Mathematies Trial HSC

Question 3:
a)
5
k(k+1)
k=2
= 2(3) +3(4) + 4(5) + 5(6)
= 68
b)

{

\ )

0, -10)

(i)  Substitute R(—6,8) In x + y% = 100
(=6) + 82 = 36 + 64 = 100

(i

(iv}

tv)

{vi)

(vii}

{viii)

10—-6 048
M”":( z 2)
M=(2,4

4-0
m0M=_2_O

=2

1
Mpg XmOM:_EXZ=_1

* PR and OM are perpendicular.

¥y -y =mx —x)
1
y—0=——~2~(x-10)

2y =—x+10
x+2y-10=0

1210 +2(-10) 10|
ViZ+ 2

30
d="
V5
6v5

d=

dpn=m
=256 + 64
=v320
=8v§

doy =2~ 02 + (4 — 0)
=& +16
=20
=25
Helght = 25 -+ 10
Maximum Area = ;-bh

= —;-(81/3)(2\/5 +10)

= 4V5(25 + 10)
= 40 + 40V5
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2011 Mathematics Trial HSC:
Solutions— Question 6

6. (a) Solve 4m? —12m > 0.

Solution: 4m(m —3) > 0. #m)
Now, from the sketch, ]
m < 0and m>3. .
m
o 3

(b) Consider the graph of y = z® — mz® + mz where m is a constant.
(i) If the graph has only one stationary point, what is this point’s nature?

Solution: It is an horizontal point of inflexion.

" . o
(ii) Find £,

Solution: & = 322 — 2mz -+ m.

(iit) For what vaues of m will the graph have:
(a) two distinct stationary points,

Solution: A =4m? —~12m >0,
ie, m<0and m>3.

(8) only one stationary point?

Solution: m=0orm=3.

(iv) Skstch the graph when m = 3.

Solution: y z® — 32?4 3, ¥
y' = 322 — 6z + 3,
= 3(z - 1)%,

= Qwhenz=1.




(¢) (i) Ify=log (}52), prove that % = 2coseca.

(i)

Solution:  y = log(1 — cos a:) log(1 + cosz),
dy gin s —sinz

dz 1 ~coszx 1+cosz
sinz 4 sinz cos ¢ + sinz — sinx cos
H

. 1-cos’z
_ 2ginx
Y P
sinz
2
= sinz’
= 2cosecz.
Alternative Method:
1 —cosz
y = logu, Y= ——
dy 1 du %1+cos:c) sinz — (~sinz)(1 — cos )
du dz (1+ cosz)? '
sinz +sinzcosz +sinz —sinzcos o
- (1+cosz)?
_ 2sinm
" (L+cosz)?’

dy Wx 2sing

dz~ (1—cosz) (1 + cosz)#’

x
2

Hence evaluate / cosec 2 dz.
.

Solution: % / : 2cosecrdr = 3 [Iog (i;x:)]g
z 3

i)

= log V3 (or 11og3, or even — }log ().
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