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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 Find J cos2x dx.

A. _—lsin2x+c B. lsin2x+c
2 2
C. 2sin2x +c¢ D. sin4x + ¢
2 From the diagram, what is the value of y ?

NOT TO SCALE

xsin 65° xsin43°
A. y=——"r B. y=E=——0m
sin72 sin 65
xsin72° xsin72°
C. =0 D. V=T
sin 65 sin43
3 The set of ordered pairs is a relation.

{(_ 27 3)9 (_ 495)9 (39 2)3 (_ 27 1)7 (79 2)}
Which of the following types is this relation?
A. one to one B. one to many

C. many to many D. many to one



A circle has the equation (x +2)> + (y + 3)> =d.

What is the value of d such that the x-axis is a tangent to the circle?

o o w »
=T O VORI Y

a
If y=3%-5, then which of the following is d—y?
X

O o w »
(98]
~—~~ N
W
T
9]

The cost per student on a school bus excursion varies inversely with the number of students
travelling. If 72 students go on the excursion the cost per student is $126.

What is the cost per student if 168 students go on the excursion?

A. $294
B. $65
C. $60
D. $54

Which of the following is the range of the function g( x) = 1+ 24/4— x2 ?

A. [1, 3]
B. [0, 2]
C. [1, 5]
D. [0, 5]



8

The diagram shows the graph of y=h( x) .
.“

A

10T

\\

~10+

Which of the following could be the equation of 2" ( x) ?
A h(x)=(x+1)(x=3)?

B. h'(x)=—=(x+1)(x=23)2

C. h'(x)=(x+1)(x=2)(x—4)

D. h'(x)=(x+1)(x=2)(4—x)

1
The function g( x) = 4 cos 2x is to be dilated horizontally by a factor of Z and then

T
translated horizontally g units to the right.

What is the equation of the transformed function 4 ( x) ?

A.



10 The graphs of f(x) and g (x) are shown.

YA
y=f()

Which of the following best represents the graph of y =f ( g(—x))?

A.

YA

0 / >
C YA

=Y

=Y

YA
y=8W
asymptote at y =0
0 x
B. YA
asymptote at y =0
0 x
D. YA
asymptote at y =0
0 x
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Section 11

Part A 15 marks
Attempt Questions 11-16

Answer each question in the space provided. A blank page is provided at the end of this question to
allow rewriting of a part.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (2 marks)

Make b the subject of the formula a(b+5)=2a+b. 2

Question 12 (2 marks)

Differentiate




Question 13 (4 marks)

(a) Find J J4x+7 dx.

(b) Evaluate J

o COS X



Question 14 (3 marks)
The following table gives the monthly repayment for each $1 000 borrowed.

Term of
Loan 6.00 % 6.25 % 6.50 % 6.75 % 7.00 % 7.25 % 7.50 %
(years)
5 $19.33 $19.45 $19.57 $19.68 $19.80 $19.92 $20.04
10 $11.10 $11.23 $11.35 $11.48 $11.61 $11.74 $11.87
15 $8.44 $8.57 $8.71 $8.85 $8.99 $9.13 $9.27
20 $7.16 $7.31 $7.46 $7.60 $7.75 $7.90 $8.06
25 $6.44 $6.60 $6.75 $6.91 $7.07 $7.23 $7.39

(a) Derek decides to travel during his gap year. He borrows $20 000 at 6.75% p.a.

from the bank.
If he will repay the loan over 15 years, what is Derek’s monthly repayment?



Question 15 (2 marks)

The radius and the area of the sector below are 4 cm and 37 cm? respectively.

4 cm

Calculate the exact perimeter of the sector in terms of 7.

Question 16 (2 marks)
Given that log, p =1.75and log, q =2.25, find an expression for 3/ pg*

leaving your answer in terms of 7 .

End of Part A

— 10—



Use this space to re-write any questions for Part A.
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Section 11

Part B 15 marks
Attempt Questions 17-19

Answer each question in the space provided. A blank page is provided at the end of this question to
allow rewriting of a part.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 17 (2 marks)

The graph of the function, f(x), is shown below.

> X

DRAWN

S
104 TO SCALE
S+
6+
44
24

(-1,1) (1;1)
-10 -5 5 10

On the diagram above sketch y= 2(f (x) + 2) .

_ 13—



Question 18 (5 marks)
The shape of a new logo is shown below.

AB=3cm,BC=14cm, CD=4cm, AD =2 cm, and £ BAD = 60°.

B 1.4 cm
3cm C
A <60°
4 cm
2 cm
D

Find the area of the logo.
Leave your answer correct to one decimal place.

— 14—



Question 19 (8 marks)

The gradient function of a function, f (x) ,1s given by f° '(x) = (3x—4)(x—4) .
The curve y = f(x) passes through (1 ,9).

(a) Find the equation of the curve y = f (x)

Question 18 continues on page 16
— 15—



Question 19 (continued)

(c) Find any points of inflection.

(d)  Sketch the curve y = f(x) clearly labelling turning points and intercepts.

YA

=Y

End of Part B
— 16—



Use this space to re-write any questions for Part B.

—17-
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Section 11

Part C 15 marks
Attempt Questions 20-22

Answer each question in the space provided. A blank page is provided at the end of this question to
allow rewriting of a part.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 20 (7 marks)

Kate inherits $100 000 and invests it in an account earning interest at a rate of 0.6% per month.
Each month, immediately after the interest has been paid, Kate withdraws $1 200.

The amount in the account immediately after the nth withdrawal can be determined using
the recurrence relation

A =AH(1.006)—1200
where 4,=100000 andn=1,2,3, ....

(a) Apply the above recurrence relation to find the amount of money in the account
immediately after the third withdrawal.

Question 21 continues on page 21
— 19—



Question 20 (continued)
(©) Calculate the amount of money in the account immediately after the 75" withdrawal.

Show all working.

End of Question 20

—20-—



Question 21 (5 marks)

The populations of two towns G and H are given respectively
PG = 40 000 ek" for town G and PH = 28 000 ekzz for town H,
where k| and k, are constants, ¢ is the time in years which has elapsed since January 1%, 2010.

It is known that at the beginning of the year 2010, the populations were 40 000 for town G
and 28 000 for town H.

At the beginning of 2013 the population of town G grew to 44 000 and the population of
town H grew to 37 000.

(a) Find the value k, and k, correct to 4 decimal places.



Question 22 (3 marks)

The share price ($P) of a renewable energy company is increasing such that

aP_3
dt  t+1°

where ¢ is the time in months.

If the initial share price is $2.00, find the price after 6 months.
Write your answer to the nearest cent.

End of Part C

_2)_



Use this space to re-write any questions for Part C.

_023 -
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Section 11

PartD 16 marks
Attempt Questions 23-26

Answer each question in the space provided. A blank page is provided at the end of this question to
allow rewriting of a part.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 23 (3 marks)

The seats in a theatre are numbered in numerical order from the first row to the last row.
The first row has 14 seats. Each successive row has 4 more seats than the previous one.

(a) How many seats are there in the fourth row?

(b) The theatre has a maximum capacity of 1320 seats, what is the greatest
number of rows of seats in the theatre?

—25—



Question 24 (5 marks)

30

In the diagram above, the curve y=— has a minimum turning point at (0, —6).

x2+5
A rectangle PORS is inscribed within the curve as shown with its axis of symmetry x = 0.
O has coordinates (a, 0).
60a
a’+5

(a) Show that the area 4, of the rectangle PORS is A =

Question 24 continues on page 27

26—



Question 24 (continued)

(b) Show that the maximum area of the rectangle PORS is 6\/§ square units.

End of Question 24

_27—



Question 25 (4 marks)

A hiker starts from point P and walks 100 metres along a straight path to the north-east, arriving at point Q.

A peak is located at point R, which is 4 metres directly above point X.
From point P the angle of elevation to peak R is 10°. At point Q, the angle of elevation to the peak is 5°.

R

NOT TO
SCALE




Question 26 (4 marks)

A particle moves from rest at a point 4 in a straight line, so that # seconds after
leaving 4 its displacement, x metres, is given by x=16¢2— 2¢4.

Find

(a) the time(s) for the particle to come to rest again.

(b) the distance travelled in the first three seconds.

End of Part D

_29_



Use this space to re-write any questions for Part D.

—30—
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Section 11

Part E 15 marks
Attempt Questions 27-29

Answer each question in the space provided. A blank page is provided at the end of this question to
allow rewriting of a part.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 27 (5 marks)

The graph below shows the curves y =sin x and y =cos x.

y y=sinx

P .

RV(Q

y =CoS X

(a) Find the x-coordinates of the points P and Q.



Question 28 (3 marks)

A bag contains four red balls, two black balls, and one white ball.
Wyndham selects one ball from the bag and keeps it hidden.

He then selects a second ball, also keeping it hidden.

(a) Find the probability that both the selected balls are red.

(b) Wyndham drops one of the selected balls and we can see that it is red.
What is the probability that the ball that is still hidden is also red?

—-33 -



Question 29 (7 marks)

On a given day the depth of water in a river is modelled by the function

where 4 is the depth of the water, in metres, and ¢ is the time, in hours, after 12 midnight.

(a) What is the depth of the water at 12 midnight? 1
(b) Sketch the graph of in the domain [0, 24]. 3
ha
"1
(c) A family decides to go on a picnic by the river from 12 midday to 2 pm. 3

It is only safe to swim in the river if the depth of water is less than 4 metres.
When is the earliest time the family should swim after 12 midday?
Give your answer correct to the nearest minute.

End of Part E

_ 34—



Use this space to re-write any questions for Part E.

— 35—
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Section 11

Part F 14 marks
Attempt Questions 30-32

Answer each question in the space provided. A blank page is provided at the end of this question to
allow rewriting of a part.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 30 (2 marks)

. oxT-2x-8
Evaluate lim

x4 \/; _2
Show all working.

_37—



Question 31 (5 marks)

The graph of f(x)=3"~10(3")+9 is shown below.

Find the exact value of the area shaded.

3% 10(3%)+9

38—



Question 32 (7 marks)

In triangle ABC, BC is perpendicular to AC.

Side BC has length a, side AC has length b and side AB has length c.

A quadrant of a circle of radius x, centred at C, is constructed.

The arc meets side BC at E. It touches the side AB at D, and meets side AC at F.
The interval CD is perpendicular to 4B.

B
E D

b
(a) Explain why x = il
c

Question 32 continues on page 40

-39 —



Question 32 (continued)

From F, a line perpendicular to AC is drawn to meet AB at G, forming the right-angled

triangle GFA.
A new quadrant is constructed in triangle GF4 touching side AB at H.

The process is then repeated indefinitely.

B
D
G
H
X
X
C - A
b 2
(b) Show that the limiting sum of the areas of all the quadrants is X ;ra :
c—a

Question 32 continues on page 41

40—



Question 32 (continued)

. /1
(©) Hence, or otherwise, show that — <

End of paper

— 41 —



Use this space to re-write any questions for Part F.
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Section I — Multiple Choice

1 Find J cos2x dx.

_ 1 .
A. —lsin2x+c —sin2x+c
2 2

C. 2sin2x + ¢ D. sindx + ¢

2 From the diagram, what is the value of y ?

NOT TO SCALE

xsin 65° xsin43’
A. =— B. Y=———"o

sin 72 sin 65
xsin72° xsin72°
y=— D. y=—00"

sin 65 sin43

Sine rule: 4 =7
sin 72° sin 65°
3 The set of ordered pairs is a relation.

{(_27 3)9 (_455)9 (33 2)7 (_29 1)3 (79 2)}
Which of the following types is this relation?

one to one B. one to many

A
@ many to many D. many to one

Shared x-coordinates & y-coordinates.



4 A circle has the equation (x +2)> + (y + 3)> =d.

What is the value of d such that the x-axis is a tangent to the circle?

The radius is equal to the distance from

the x-axis to the centre i.e. ¥ =3
d=r*=9

N R VS N \S ]

OEEE:

d
5 If y=3%~35, then which of the following is —y?

dx
4(3%=5)1n3
B. 3(3%-5)n3
C. 4(3%-5) 4
D. 4(3*-4)m3
6 The cost per student on a school bus excursion varies inversely with the number of students

travelling. If 72 students go on the excursion the cost per student is $126.

What is the cost per student if 168 students go on the excursion?

A. $294 o L

With inverse variation xy = k.
B. $65 W k=72 x126=9072
C. $60

= 168 x = 9072

§54

7 Which of the following is the range of the function g( x) = 14 24/4— x2 ?
A. [1, 3]
B. [0, 2]

© us

D. [0,5]



8 The diagram shows the graph of y=h(x) .

.“

A
10t
\ + > X
5
~10+
20+
Which of the following could be the equation of 2" ( x) ?
A, R'(x)=(x+1)(x-3)?
There are only two stationary points.
B () == (x4 1) (x=3) " AorB
The graph is “upside down’
C. h'(x)=(x+1)(x=2)(x—4) ~B
D.  h(x)=(x+1)(x=2)(4-x)
1
9 The function g( x) = 4 cos 2x is to be dilated horizontally by a factor of Z and then

T
translated horizontally g units to the right.

What is the equation of the transformed function 4 ( x) ?

A.

Let

©



10 The graphs of f(x) and g (x) are shown.

Ny

\

y=f()

Which of the following best represents the graph of y =f ( g(—x))?

A.

YA

0 / >
C. yA

0 X

g (—x) is a reflection in the y-axis.

Sog(—x) —>0asx —> 0. Asx —0,f(x) —> 0

So B or D.

=Y

B.

D is the only graph that is neither ODD nor EVEN

y=gx)

asymptote at y =0

>

X

0
YA
asymptote at y =0
0 x
YA
asymptote at y =0
0 x
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Section I1

Part A 15 marks
Attempt Questions 11-16

Answer each question in the space provided. A blank page is provided at the end of this question to
allow rewriting of a part.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (2 marks)

Make b the subject of the formula a(b+5)=2a+b. 2

........................................ 0bhtS0 =20t . =)

L
Z)

Question 12 (2 marks)

v V'=2

Differentiate 22x :j 2
3x ‘;-l

.......................................................................................... V) L
........................................ Y /:a@;‘—'— /(1):\/%4 E)
................................................. — 232+ ) =2 flL............. (]
.................................................................. I b S o) B Yo




Question 13 (4 marks)

(a) Find J Yax+7 dx. 2

............................. 3(4‘:6%7) o D g

................ -"/é‘l‘c oT 7% )HL (@
Wife e +C. 0 compdonsy. 4 beawo =51 hasnag i Tlece. Jul

S e ko055 bazason 'S MW%W%M%%W

=
— e s tare M&%JMWWWM/WM wané\uy



.

Question 14 (3 marks)
The following table gives the monthly repayment/ for each $1 000 borrowed.

J
Term of :
Loan 6.00% | 625% | 650% | 6.75% )| 7.00% | 7.25% | 7.50 %
(years)
5 $19.33 $19.45 $19.57 $19.68 $19.80 $19.92 $20.04
10 $I11.10 $11.23 $11.35 $11.48 $11.61 $11.74 $11.87
~—+%15) | ss4a | ses7 | sem [(s885>| s899 | $9.3 | s927
20 $7.16 $7.31 $7.46 $7.60 $7.75 $7.90 $8.06
25 $6.44 $6.60 $6.75 $6.91 $7.07 $7.23 $7.39
(a) Derek decides to travel during his gap year. He borrows $20 000 at 6.75% p.a.
from the bank. //000
If he will repay the loan over 15 years, what is Derek’/moﬁthly repayment? 2

SQSXQJ%/ ........ (77 % T

-----------------------------------------------------------------------------------------------------------------------

(b) How much interest does Derek pay on the loan?

..................... el paids =1 7 ZXIZXKIG e
= 3F60.

.............................................................
—
— -——ﬂ"

.................. 2 4D . e 0 Ea ol S

.................................................. 3lgéQ.......zowa...........
E..z.ﬁzz.g.e.o ................................................ @)

........................................................................................................................

-----------------------------------

........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................

........................................................................................................................



Question 15 (2 marks)

The radius and the area of the sector below are 4 cm and 37 cm? respectively. 2

4 cm

Y

)

Calculate the exact perimeter of the sector in terms of .

........................... =2t oAt OL

\
'

.................................... = AXE A QLT....adipurie
..................................... =8+ X3 A=EZT

..................................... 7{8%% A o FEE

Question 16 (2 marks)

Given that log, p=1.75and log,g=225,findane sion for ,’/ Pq’ 2
leaving your ansvtr in terms of m.. iz 2:28 .3: )
+75 & - — e
- M= ltsisissiisssnitn, % v SN e Z/
A ; L'

................................

........................

}WW PTM End of Part A
F creaive sluliors ™
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Section B |
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Section II

Part B 15 marks
Attempt Questions 17-19

Answer each question in the space provided. A blank page is provided at the end of this question to

allow rewriting of a part.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 17 (2 marks)

The graph of the function, f(x), is shown below. 2
L]
DRAWN
TO SCALE
|
(-1, 1) (1,1)
+ — b—s — +>X
-10 -5 / 5 10

On the diagram above sketch y= 2 f(x)+2).

Melhod 1: Obsene it the dontfomatvo

s \mr', So we can ewvoluade
the Aensdovmation % Pos\«t&

(0,0) owd @)y |
Leﬁ""é ac,;) = 2(fen +2)
go- 4, g6

RS gqf‘n et werbex (044)
and PM&% ’H’Y"‘t‘j‘" O’b)'

—13 -

Metod 2 y=2(feo ¥2)

< o verkical domibises (h2ei%)
fllovel lof a vechial blockn

(-'bj a ‘ﬁ\gﬂsf 02 2'),




Question 18 (5 marks)
The shape of a new logo is shown below.
AB=3cm,BC=14cm,CD=4cm, AD=2cm, and £ BAD = 60°.
B 1.4 cm
3cm ¢
A4 <60°

4 cm
2cm

INTS),
Find the area of the logo.
Leave your answer correct to one decimal place.

........................................................................................................................

N 2
A . o[ .?..u.:f_. 3-.‘_1?'4 N ........ o
....... vs‘ﬂgcasmcmle £C= C/os'< TN > ~ |I.R3

......................................................................................

........................................................................................................................

........ Aoy, 2 Z@04) an(1s€) X 0576 .

............. 20 Areane . =P 30 () +5@UL) 9 (1%E)
% ®0F444. .
e % 302 (A B

........................................................................................................................

........................................................................................................................
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Question 19 (8 marks)

The gradient function of a function, f (x) ,is given by f’ (x) = (3x— 4) (x —4) .

The curve y = f(x) passes through (1,9).

(a)  Find the equation of the curve y = f(x).

..............................................................

...............................................................

U revexae—{xwermﬂa—, .......
jci?g: 20— K4l +C .

gmen Hheat Lcn=9

......................................... 9................

we. have t (1) -8CY%IEd+C = - c=0

...............................................................

..............................................................

...............................................................

...................................................

.........................................................

.........................................................

c=0

.........................................................

.........................................................

= 8- |G>< O, Mo,

.................................................. Lﬁ (D =24-16.70, " ..

...............................................................

Question 18 continues on page 16



Question 19 (continued)

(c) Find any points of inflection. 2
PDM&%MQWMM&G}'PC"B’ZGX"(?"O ............ %

2
PC"*&Q’;FGMQ‘%?\NQ(%\V\O’@ ....... 2(,‘-;%3 = F

.......................................................................................................................

(d)  Sketch the curve y = f(x) clearly labelling turning points and intercepts. 2
o o whroghe
y
,(:'(,0; iy L [P AL 2y
o (3> 2=
= DL(Z.—‘D

Dole: POMQ“ 5£ M‘ae’“\&n
End of Part B neA- vgﬁ/u}l‘cﬁQ .
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Part C Solutions 15 marks

Question 20 (7 marks)

Kate inherits $100 000 and invests it in an account earning interest at a rate of 0.6% per month.
Each month, immediately after the interest has been paid, Kate withdraws $1 200.

The amount in the account immediately after the nth withdrawal can be determined using
the recurrence relation

A4, = 4,,(1.006)-1200

n

where 4,=100000 andn=1,2,3, ....

(a) Apply the above recurrence relation to find the amount of money in the account
immediately after the third withdrawal.

Ao= 100000

A1= 100000 x 1.006 — 1200 = 99400

A>=99400 x 1.006 — 1200 = 98796.4

A3=98796.4 x 1.006 — 1200 = 98189.1784 ~ 98189.18

Well done.
To get full marks, sufficient working out is required.
Common error:

o There are some boys only showed the expression for Az but did not calculate the value of A3
o Some careless calculation mistakes.

(b) Calculate the amount of interest earned in the first three months.

Method 1: Method 2:
I =A3+3 %1200 — Ao I1=0.006 x Ao= 600
= 98189.1784 + 3600 — 100000 I>=0.006 X A1 = 596.4
= 1789.1784 I5=0.006 X A>= 592.78
~ 1789.18 [ = Li+I12+13=1789.1784

Generally well done.
Common errors:

e [ =Arx1.006%— A= 100000 x 1.0063 — 100000 ~ 1810.82

I = Ap—A3= 100000 — 98189.1784 = 1810.8216

[ =0.006 X (A1+A2+A3) = 1778.31

Some students did not read the question carefully and calculated the interest rate.
o Some careless calculation mistakes.



Question 20 (continued)

(c) Calculate the amount of money in the account immediately after the 75™ withdrawal.

Show all working.

A1=Ag X 1.006 — 1200 = 1.0064o—1200
A>=A;x 1.006 — 1200 = 1.006(1.006A,—1200) — 1200=1.00624,—1200(1 + 1.006)
As=Asx 1.006 — 1200

= 1.006[1.00624,—1200(1 + 1.006)] — 1200

=1.006340—1200(1 + 1.006 + 1.006%)

~ Ay =1.006"40—1200(1 + 1.006 + 1.006% + --- + 1.006™ 1)

1.006™-1
1.006—-1

= 1.006™ x 100000 — 1200 x

= 200000 — 100000 x 1.006™
Whenn =75

A, = 200000 — 100000 X 1.0067° ~ 43379.52

Generally well done, but some students did not attempt this question.

To get full marks, students need to

o find the general formula An or A7s and
e demonstrate their abilities in calculating the sum of a geometric series Sy or S7s.

Using trial-and-error, but without working out, is not sufficient to get full marks.

Common error:

o [ncorrectly identify the total term of the geometric series, see the highlighted parts above.

e Did not show ALL working

End of Question 20



Question 21 (5 marks)

The populations of two towns G and H are given respectively

for town G and

for town H,

where k| and k., are constants, ¢ is the time in years which has elapsed since January 1%, 2010.

It is known that at the beginning of the year 2010, the populations were 40 000 for town G

and 28 000 for town H.

At the beginning of 2013 the population of town G grew to 44 000 and the population of

town H grew to 37 000.

(a) Find the value k| and k, correct to 4 decimal places.

Whent = 3
Pc= 40000e3*1 = 44000

11
p3k1 — 11
10

1
=70

lneSkl

3k1= In—=
10
11

l i
# k= =12~ 0.0318 (4d.p.)

Generally well done.

Common errors:

Whent = 3
Pu= 28000e3%2 = 37000

37
e3k2 = 37
28

37
l 3k2=l
ne I’l28

ko= In>L
28
37

l 7
ko= 2 ~ 0.0929 (4d.p.)

o [ncorrectly identified the value of t. Wrong answers include 2, 4, 13 etc.
o Unable to apply the knowledge of logarithm to find the value ki and k.



Question 21 (continued)

(b)  Find during which year the population of town H first exceeds the population of town G. 3
Pu>Pg 00611t > In—>

2800060'0929t > 40000e0.0318t )

- 7600929t < 1000318t Lt > 0.06711 ~ 5.84 (5.83 if students used the

exact values of ki1 and k2)
e0.0929t 10

£0.0318t
- p0.0929t-0.0318¢ +, 10 Therefore, during 2015 or during the 6™ year or
7 during the year 6 or in the 6 years, the population

of town H first exceeds the population of town G.

10
- Ine00611t n="

Comparing to the other questions in Part C, this question was poorly done.
Marks have been deducted if:

o Students incorrectly calculated the value of t. For example: t < 5.84

o Students rounded up to have t = 6 and have 2016 as the answer.
The question asks about during which year, the beginning of 2016 is the beginning of the 7"
year. See below:

2010 — 2011 —— 2012 —— 2013 — 2014 —— 2015 —— 2016 ——

| I year | 274 year | 3 year | 4% year | 5% year | 6" year | 7% year




Question 22 (3 marks)
The share price ($P) of a renewable energy company is increasing such that

dP 3

dt  t+1°
where ¢ is the time in months.

If the initial share price is $2.00, find the price after 6 months.
Write your answer to the nearest cent.

P(t)=3In(t+1)+c
P(0)=3In(0+1)+c=2
3x04+c=2

~ P(t)=3In(t+1)+2
P(6) =3In(6+1)+2~784

Generally well done.

Common mistakes:

e  Could not correctly find P(t), e.g. P(t) = @ +c, P(t)=3(t+1D)*+c...

2
e Could not correctly calculate the value of ¢, e.g. ¢ = 3 0...

e Careless calculation mistakes

End of Part C Solutions



NESA Number

YEAR 12 Mathematics Advanced

Cohort Task #4 (THSC)

Part D

— 24—




Section I1

Part D 16 marks PART D SOLUTIONS
Attempt Questions 23-26

Answer each question in the space provided. A blank page is provided at the end of this question to
allow rewriting of a part.

Y our responses should include relevant mathematical reasoning and/or calculations.

Question 23 (3 marks)

The seats in a theatre are numbered in numerical order from the first row to the last row.
The first row has 14 seats. Each successive row has 4 more seats than the previous one.

(a) How many seats are there in the fourth row?

RN S
Jaz 4GNS . Creneral 1. Wekl AL ..o
4412

This means Sn = 1520
(b) The theatre has a maximum capacity of 1320 seats, what is the greatest
number of rows of seats in the theatre?

..... 0. L0 e,
%’[ 2(14)+« (-4 = (320 (i

A NI 000 e,

..... n l’f?'l""‘é%o\

..... NP+ 6n = 660 €0 TN L RS0

...... o205 L 022 AAXB00). o)
2

............. C Ll U oS M
O L
o Soving for Ta = 1320

o Rouwnding up instead of rounding down. Round down becadse there isn't enough
seats fov a full 22rd row. ~25-



Question 24 (5 marks)

."
A
(-o¢,0D (,0)
P 0O ) -
- 30
S R (w, O )
-6

30
x2+5
A rectangle PORS is inscribed within the curve as shown with its axis of symmetry x =0. = even symwety

In the diagram above, the curve y = — has a minimum turning point at (0, —6).

0 has coordinates (a, 0).
60

(a) Show that the area 4, of the rectangle PORS is A = e s 2
a“+
LR g symmetyag . PO s
—30
LT0.Fnd L R A K S K U S R B e,
30

CRR = Y] = AT (lengre 7o )M Clear oxplonarion of why
negative sign is omitfed is
............................................................................... FeQUIVeA ... oo

Question 24 continues on page 27

—26 —



Question 24 (continued)

(b) Show that the maximum area of the rectangle PORS is 6\/g square units.

..._df\_..-..bo..'..dhﬁ T B
O( (0(2_,_6)?- I MW\L
5-un*
..........:...6.0.....-—-—-—-;—-—-—-—:-—-;.. FE = R () P Y
(*+7)
e B O =
some shudents did wof inciude £

......................... X = £]5. ... when TRKING. SqUAYE DOt ..o,
e Q00D and RIS 0N ke positive. Side. of  the. x-ax(s.......
............ °<7ﬂsob<-ﬁsomej§m§lmvrﬁl%o&vﬁ
X=-J5 IS amn ,

o Show .. VMAXIGUM,........ x | 2| B | 3 . fme cond e been
. %A_| 20 | 0 | =60 Saved (f yau jushied

e Numboys vequred o | 23 | Y 49 Wy, 20

i Hne fable. = Ny
............ G Brea. (s moximised. when. x= g, (Dmwey
..................... G
e, Az..BrB As.HiS.is. 0. SHOW. guestion., clear. Substiuhbn.1s....
_ b0J5 requived. -
............... T )
............... LI
............. Toe. . maxioum..area. (s, 647 . Cmwdey
End of Question 24

—-27 —



Question 25 (4 marks)

A hiker starts from point P and walks 100 metres along a straight path to the north-east, arriving at point Q.
A peak is located at point R, which is 4 metres directly above point X.
From point P the angle of elevation to peak R is 10°. At point Q, the angle of elevation to the peak is 5°.

R

NOT TO
SCALE

1
e, X2 00! Many. shidents. did .ot answer...
................................. - hatso:, Gy e Steend Pt O dhe questen,
. a Make Suve YA read the queshon!!!’:
....Sinilarly.,. XQ.=. hets® DRI ............oovoeeee e,
(b) Hence, find the value of 4. Give your answer correct to the nearest metre. 3
..... LxPQE 00 CNALL NED. ... Some. shwdents. iguor.ed. the. didgram
i . ) md did not see NE and NW and so
...... XL+ PQ 2 XQ........ D ZXPR.=.40°. Not.realSing.this. meant
N e Yyou could not answer the g es-on
oLt (00) 41002 (heat Bl SUCLLSSTUIY: oo

ceeecsessesssssessesessesann ce e @SS 8.8 .8 s s s s s e s s s s e s s e s s e s s s s s s e e eeeeeeeeeeseseeesesseseesstestes ettt e st e 0t s

.........................................................

........................................................................................................................



Question 26 (4 marks)

A particle moves from rest at a point 4 in a straight line, so that ¢ seconds after
leaving A its displacement, x metres, is given by x =16¢2— 2¢4,

Find
gowe Students solved for 4= 0.
(a) the time(s) for the particle to come to rest again.

Darticle.. comes. tn.vest. when V=324 =882 =0
oo ELE =) 20,
eeeeeeeeeeenee e B R B 2 e,
L 200 shows. winen (4. 65, fivsE. .ot vest,  and. time. cannof. be negative.......

....................................................................................................................

(b) the distance travelled in the first three seconds.

Lo Particle. . comes dnorest. ot t= 2, wonsider.. distance. traelied. for. 7).

T K e, ? —
b2 = 100200 2 2020 =Bl e
B T S KV T L 1S J.
.......... B o B e W NERE L 22EE3
ostez Lo 2e4€3 s.Distance. travelied ;. 32 4. (32 +.18) = 82 w (Smlvic

0
................... S0 000U SPSOOOOSS

« Many students found at £=3 x=-18 (diplacement) , and fook fhe absoiute
value thinking i+ would be +Hre distance fravelleo.
End of Part D

. Qe shidts Bund % ot = 0,2,3 gnd oid 3L+ 32-18 = dbm.



Use this space to re-write any questions for Part D.
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2023 HSC MA Task 4 Part E — Solutions and Comments

Answers in pencil and/or with white out will NOT have their marks changed.

Question 27

The graph below shows the curves y = sinx and y = cos x.

yA

P y=sinx
/
<
0] X
/'
y =Cos X
A. Find the x coordinates of the points P and Q. 2
Solution Comment(s)
At point @, sin x = 0 for the second time. No half marks.

This occurs at Xg =T.

At point P, sin x = cos x for the first time.
Hence:

Some students wasted time giving the Y coordinate of
P and Q when it wasn’t necessary.

Common error(s):

sinxp = cos xp
tanxp = }[ ¢ Incorrectly deducing that x, =—
Xp =
B. Find the area of the shaded region. 3
Solution Comment(s)

From the graph, sinx > cos x for l:%ﬂ':| .

Hence:
T
A= sinx — cosx dx
4
= [~ cosx —sinx]z
2
( . ) ( 3 . 77:)
= (—cosm—sinm) — (—cos— — sin—
4 4

Some students chose to solve an equivalent, but more

complicated integral, such as the one shown below:
Y

2

)

4

T
sin x dx

A

sinx—cosxdx+f

A

2
T

k

2

+ cosx dx

These students risked being penalised by introducing
unnecessary extra steps and, consequently, more
room for errors in their working.

Common error(s):

e Incorrectly integrating — COS X to Sin x.




2023 HSC MA Task 4 Part E — Solutions and Comments

Answers in pencil and/or with white out will NOT have their marks changed.

Question 28

A bag contains four red balls, two black balls and one white ball.

Wyndham selects one ball from the bag and keeps it hidden.

He then selects a second ball, also keeping it hidden.

A. Find the probability that both the selected balls are red. 1
Solution Comment(s)
In the tree diagram below, R and R’ are the event of | No half marks.
selecting a red ball and not selecting a red ball
respectively: Students were not required to draw a tree diagram or
3 equivalent to score the full mark.
6 - R
| However, given Part B, students should consider
B i = drawing one anyway.
o N
q
e
6
6 — R
s -
R S
s
\\“
2 -~ R
6
Hence:
P(RR) = : X >
776
2
7




2023 HSC MA Task 4 Part E — Solutions and Comments

Answers in pencil and/or with white out will NOT have their marks changed.

Question 28 (continued)

B. Wyndham drops one of the selected balls and we can see that it is red. 2

What is the probability that the ball that is still hidden is also red?

Solution

Comment(s)

Let X be the number of red balls in Wyndham’s
possession.

Then:
PX=2nX=>=1)

PX=2|X>1) = EES)

Since the intersection of having two red balls and
having at least one red ball is just having two red
balls:
Px=2(x>1) = K=2
=2lx=1= P(X>1)
Furthermore, having at least one red ball is equivalent
to the complement of having no red balls, so:
PX=2|X>1)=——&=2
=2lX= T 1-P(X=0)
P(RR)

~“1-P(R'R)
2

7

-(3x3)

Wl = =

Most students received only 1 mark due to incorrectly
1
deducing that P = E , with some receiving 0 from

their lack of working to justify their incorrect answer.

There was no information indicating that the first ball
dropped was the first ball drawn, so it is incorrect to
disregard the R'R case.




2023 HSC MA Task 4 Part E — Solutions and Comments

Answers in pencil and/or with white out will NOT have their marks changed.

Question 29

On a given day, the depth of water in a river is modelled by the function:

t
h(t) =5 + 3sin"I

where h is the depth of the water in metres and ¢ is the time, in hours, after 12 midnight.

A. What is the depth of the water at 12 midnight?
Solution Comment(s)
At 12 midnight, t = 0. No half marks.

Hence:
h(0) =5 +sin0
=5

Students generally performed well on this question.

B. Sketch the graph of h(t) =5+3 Sin%t in the domain [0, 24].

Solution
h(l) = &§ 4 3ci n_,_
04 : h(t)=5+3sin 2
e & b £ ) & X 3 : e e e :,
2 Z 4 : 8 10 | 12 (14 [ 16 | 18 | 20 | 22
Comment(s)
The line x = 6 and points P, @, R and S pertain to Part C and are not relevant to the marking of Part B.
Common error(s):
e Not producing a trig curve with a period of 8 units.
e Producing a cosine curve instead of a sine curve.




2023 HSC MA Task 4 Part E — Solutions and Comments

Answers in pencil and/or with white out will NOT have their marks changed.

Question 29  (continued)

C. A family decides to go on a picnic by the river from 12 midday to 2 p.m. 3
It is only safe to swim in the river if the depth of water is less than 4 metres.
When is the earliest time the family should swim after 12 midday?
Give your answer correct to the nearest minute.
Solution Alternate Solution

The point P on the graph represents the desired

solution.

Let h(t) = 4 and solve for 0 < t < 8:

4=5+3sins
= Sin 4
. mt -1
Sin ) = 3
mt -1
t =—sin"1—
T
= —0.433 (3d.p.)
Recognise from the graph in Part B that:
o ¢ —isin‘l -1
¢ 7z

e P and Q are symmetrical about x = 6.

Solving for the related angle:

w1
sin 73
nt 1
2 = sin 3
As sinﬂ<0:
4
wt +__11 nt_z .1
4—7I sm3 =27 sm3
4 1 4
t= —(n + sin‘l—) t= —(271 —sin?!
T 3 T "
=4 —sin~ 1= = ——gin 1=
+T[51n 3 8 7Tsm 3
=4.433 (3d.p.) = 7.567 (3.d.p.
From the graph:
tp = 4.433 ts = 7.567

3

)

Hence: Since h(t) has a period of 8 hours:
tp =6+ (6 —tg) tp = 8 + tg
_ 4 1
=6+(6—ﬁsin‘1—1> =8+<4+—sin‘1—>
T 3 T 3
=12:26 p.m. (n_ m]n) =12:26 p.- m. (n. mln)
Comment(s)

subsequently finding the correct time of 12:26 p.m.

corresponds to point @ on the graph in Part B.

Common error(s):
[ ]

.1 L . - o
Students who deduced that %t =sin™' ry were penalised if they failed to explicitly state that this time

Not using radians when solving for time, which is not measured in degrees.

Most students could only score a maximum of 2 marks for providing insufficient or incorrect working in

.1 . . . .
Meanwhile, students who deduced that %t =sin' 3 were penalised if they failed to explicitly state that this is

the related angle and not due to time being positive. In the context of this question, “negative” time simply
refers to time before midnight, which is perfectly valid.




Part F Solutions (14 marks)

Question 30 (2 marks)

o oxt-2x-8
Evaluate lim

pav \/;_2 '

Show all working.

Method 1

Method 2

Comment

: : 0
Use of notation was not done well. Plus too many students think that — = O!!!

Also, there are some students who think that \/Z = =+ 2. I thought this thinking had finished in Y7.

If students want to use non-syllabus theorems, like L’Hopital’s Rule, they need to justify why the theorem
works.

Students who just used approximations to get the final answer did not get full marks. There was no
justification why their answer was correct as they did not show ALL necessary working.




Part F Solutions (14 marks) (continued)

Question 31 (5 marks)
The graph of f(x)=3"~10(3")+9 is shown below. 5

Find the exact value of the area shaded.

= x-intercepts are x = 0, 2

Shaded area = u?

40
. area = — 18| v2
In3

Comment

Many students did not observe that the integral must be negative (looking at the graph), and so did not take
the absolute value of their answer. This became problematic for the students who didn’t integrate properly
and came up with a positive answer — this should have been a check that a mistake was made!

If students didn’t show recognition that the shaded area would produce a ‘negative’ area, then they could
not get full marks.

The final answer had to be somewhat simplified to ensure full marks.

Students who tried integration by substitution did not know what they were doing, but they were not going
to get many marks, as their working became basically rubbish and so not worth anything.

Many students think that |a - bl =a+b.




Part F Solutions (14 marks) (continued)

Question 32 (7 marks)

In triangle ABC, BC is perpendicular to AC.

Side BC has length a, side AC has length b and side AB has length c.

A quadrant of a circle of radius x, centred at C, is constructed.

The arc meets side BC at E. It touches the side AB at D, and meets side AC at F.
The interval CD is perpendicular to 4B.

B
E D
c
a
X
0
C 7 A
b
b
(a) Explain why x = a2 2

c

Method 1: Trigonometry

Let 2 CAB=460
In A ABC: sin 0=

In A ACD: sin 0=

SN

Method 2:  Similarity

A ABC ||| A ACD (AA)

b
" £ 2 (matching sides of similar triangles)
a c
ab
X =—

Comment

Some students used area to get the right solution.

Students who used the similarity method had to indicate which triangles were similar and why.

Students did not need to do a full similarity proof, but they did have to indicate that the ratio of matching
sides is preserved with similar triangles.

It was also very unlikely that students who used congruent triangles could get full marks.

Some students didn’t use the fact that this question was worth 2 marks to help gauge the amount of
working needed.

Too many students confused DC with c.
Even though A DBC ||| A DCA, it didn’t help with the solution.




Part F Solutions (14 marks) (continued)

Question 32 (continued)

From F, a line perpendicular to AC is drawn to meet AB at G, forming the right-angled

triangle GFA.
A new quadrant is constructed in triangle GF4 touching side AB at H.

The process is then repeated indefinitely.

B
D
G
H
X
Xy
c ) SO,
nab?
(b) Show that the limiting sum of the areas of all the quadrants is ——— .
4(2c—a)
Method 1: Trigonometry

Using part (a):
Similarly, and so on.

a
,where r=1— —.
c

Note: As c is the hypotenuse of A ABC then 0< 4 <landsoO0<1- 4 <.
c c
L0<r<l1

-~ a limiting sum exists.

Method 1 is continues over the page



Part F Solutions (14 marks) (continued)
Question 32 (b) (continued)

Method 1: Trigonometry (confinued)

Method 2 is over the page



Part F Solutions (14 marks) (continued)

Method 2:  Similarity

Consider A GFA: AF = b—x

Since AABC and AAGF are right-angled and angle A is common, then AABC ||| AAGF

GF _b-x
a b
Gr_1(,-%)
a b c
GF _ é(l_ﬁ)
a b c
It follows then
XN _,_a
X c

a
X, ={1—-—|x
=(1-¢)

x, =(1-sinA)x
The ratio of the lengths of the radii are independent of a, b and c.

Hence, successive radii will be in the ratio (1 — sin A).

The rest of the proof continues as in Method 1

Comment

Some students were able to get marks here, though the setting out in general was deplorable.
Some students were penalised for this.

It seemed that there was a great need to fudge the answer, rather than go back to previous sections and
check those.

Bad setting out didn’t help.



Part F Solutions (14 marks) (continued)

Question 32 (continued)
2c—a

b

. T
() Hence, or otherwise, show that 5 <

The area of the sum of quadrants, found in part (b), is smaller than the area of the triangle ABC

n  2c—a
—<
2 b
Comment
Students had to explain why was true in the first place.
Then, there had to be some working from the statement to the required statement.

For example:

rab? ab
7<_
4(2c—a) 2

n _ab (2c-a)

4 2 ab?

T 2c—a

<

4 2b

n 2c—a

2 b

End of solutions
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