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General ¢ Reading time — 5 minutes
Instructions Working time — 90 minutes

e  Write using black pen.
e NESA approved calculators may be used.
e A reference sheet is provided with this paper.

e Leave your answers in the simplest exact form, unless otherwise
stated.
e Marks may NOT be awarded for messy or badly arranged work.

e In Questions 11-17, show ALL relevant mathematical
reasoning and/or calculations.

Total Marks:  Section I — 10 marks (pages 2—4)

76 e Attempt Questions 1-10

e Allow about 15 minutes for this section.

Section II — 66 marks (pages 5-11)

e Attempt Questions 11-17

e Allow about 1 hour and 15 minutes for this section.
Examiner: External Examiner
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Section I — Multiple Choice
10 Marks
Attempt question 1-10

Allow approximately 15 minutes for this section.

Use the multiple-choice answer sheet for Questions 1-10

1 Which of the following is equal to (2 3+ 3\/5 )2 ?
(A) 30
(B)  30+6v6
©)  43+9\2

@)  30+12v6

2 What is the area of the triangle drawn below?
2 4
30°
2\3
(A  4v?
B) 23 @
(©) 43 ?
(D) 2V6 u?
3 Which of the following is equal to cotx xsecx ?
(A)  sinx
(B) Cosecx
(©) COSX
(D) secx



Which of the following is neither odd nor even?

(A)

(B)

©

(D)

f(x)=sinx

X

x*+3

f(x)=—4-x’

f(x)=

F)=2+3

X

Which of the following is the result when 2loga+logb+logb is simplified?

(A)
(B)
©
(D)

2log(ab)
log(2a’b)
log(a® +2b)
log(2a+2b)

Which of the following is the correct factorisation of 8x + 277

(A)
(B)
©
(D)

(2x +3)(4x*> + 6x +9)
(2x +3)(4x* — 6x +9)
(2x —3)(4x? + 6x +9)
(2x —3)(4x? - 6x +9)

A, 1s the nth term in a sequence.

Which one of the following does NOT define a geometric sequence?

(A)
(B)
©)
(D)

A,=4, 4,=4
A =n. 4,=]
An+1:_An’ A0:5

An+l :4An’ AO =2



10

Siobhan invests $1200 for two years. Interest is calculated at the rate of 3.35% p.a.,
compounding monthly.
What is the future value of her investment in two years time?

(A)  $2646.26
(B)  $1283.03
(C)  $1281.75
(D) $1206.71

Which of the graphs below would be classified as one-to-many?

(A) ©

(B) (D)

Johnson took out a loan for $20 000 to buy a new sound system.
The contract required that he pay the loan over 5 years with monthly instalments of $421.02.
After 2 4 years, Johnson calculated that he owed the following amount of money:

$| 20 000(1.008)* —

421.02(1.008%° —1)
0.008

How much was the interest rate per annum charged by the bank for this reducing balance
loan?

(A)  1.008% (B)  0.096% C)  9.6% (D) 12.095%



Section 11

75 marks

Attempt Questions 11-17

Allow about 1 hour and 15 minutes for this section

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 11-17, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (12 Marks) Use a SEPARATE writing booklet.

(a) Evaluate

O et

(i) log,64.

(b) What is the exact value of sin 240°?

(©) Simplify fully
(@)

X

x243x

) 2y (@ +ﬁ]

: . 7
(d) Rationalise the denominator of .
3-+2

(e) Consider the points M (-4, 4) and N (6, —3) in the number plane.
(1) Write down the coordinates of the midpoint of MN.

(1)  What is the exact length of the interval MN?

(i11)  Determine the gradient of the interval MN.

() (1) Given an arithmetic series with the first term 5 and a common

difference of 4, what is the eleventh term?

(11) Given a geometric series with the first term 5 and a common

: 2 : o
ratio of 3’ what is the limiting sum?



Question 12 (12 Marks) Use a SEPARATE writing booklet.

(a) Write down the domain of y=+x+3.
(b)  Simplify 3" x9*" x 27",
(©) Sketch the polynomial p(x)=(x—1)’(x—3), clearly showing intercepts.

(d) The logo, for a company that makes chocolate, is a sector of a circle of radius 2 cm,
shown as shaded in the diagram.
The area of the logo is 37 cm?.

NOT TO SCALE

4

(1) Find, in radians, the value of the angle 0, as indicated on the diagram.

(1)  Find the total length of the perimeter of the logo.

5
(e) Evaluate Zk!

k=3

() Solve [3x+2|=4

(2) What is the angle of inclination of the line y = —2x + 1?
Express your answer to the nearest degree.



Question 13 (8 Marks) Use a SEPARATE writing booklet.

(a)

(b)

(©)

Show that, for all values of x, that the expression below is an integer.

(3sinx +cosx)* + (sinx — 3cosx)’

(i) Find the discriminant of 3x* — 6x + 3.

(i)  Hence, or otherwise, show that y = 11x + 5 is a tangent to the
curve y = 3x? + 5x + 8.

The radioactive decay of a substance is given by R =1000e“, >0
(1) How many atoms were there initially?

It takes 5730 years for half of the substance to decay.

(1)  Find the value of ¢ to three significant figures.

(iii) How many atoms will be left after 17 190 years?



Question 14 (9 Marks) Use a SEPARATE writing booklet.

(a) If the function g is defined as g(x)=3—4x, solve the inequality

g (x)>0

(b)  Solve 2sin’20—sin26—1=0 for [0, 7]

(©) The length of daylight, L (), is defined as the number of hours from sunrise to
sunset, can be modelled by the equation

L(t)=12+2cos 2t ,
366
where ¢ is the number of days after 21 December 2019, for 0 <7 < 366.
(1) Find the length of daylight on 21 December 2019.

(i)  What is the shortest and longest length of daylight?

(iii))  What are the two values of 7 for which the daylight is 11 hours?



Question 15 (7 Marks) Use a SEPARATE writing booklet.

The graph of y = f(x) is drawn below.

Y
4+
< 27
-4 2 2 4 6
24 N
3
=

4+

The graph has a minimum value at (2, - %) and passes through the origin.

As x—>—oco, y—>2 andas x > oo, y—>oo,

On the sheet provided sketch the following transformations.

@  y=f(=x)
(b)  y=2f(x)-1
©  y=f(2x)-1

d  y=fC2x-1



Question 16 (8 Marks) Use a SEPARATE writing booklet.

(a) The graphs of y= f(x) and y = g(x) are drawn below.

vt y
“ ' y=g(x)
| /
y=f(x)
4 ,'3 ~9 b
(1) Determine the domain and range of f ( g(x)) . 2
(i)  How many solutions are there to the equation f ( g(x)) =07? 1

(b)

119 8

200 m

130°T

The HMAS Choy is enroute to carry out its latest mission in Cairns.

It is first observed from the top of a 200 m cliff, AB at an angle of depression

of 8° when it is at the point Q. Ten minutes later it is observed at point P with

an angle of depression of 11°.

Let ZPBQ =0 . The bearing of Q from B is 130° T and the bearing of P from B is

210° T.
(1) Show that PQ* =200*(tan” 79° + tan” 82° — 2 tan 79° tan82°cos 0) . 3

(1)  Find the speed of the HMAS Choy in km/h correct to three significant figures. 2

10



Question 17 (10 Marks) Use a SEPARATE writing booklet.

(a) An artist posted a song online. Each day there were 2" +3n downloads, where n
is the number of days after the song was posted.

(1) Find the number of downloads on each of the first 3 days after the song was 2
posted.
(i)  What is the total number of times the song was downloaded in the first 2

20 days after it was posted?

(b) Eric’s reducing balance loan of $125 000 over 20 years attracts interest at 10.2% p.a.
(compounding quarterly).

Repayments of $3678.16 per quarter are made.

Five years into the loan the interest rate is increased to 10.8% p.a. (compounding quarterly),
but the quarterly repayment remains unchanged.

(1) Find the amount outstanding when the rate changes. 3

(1)  Find the new total length term of Eric’s loan. 3

End of paper

11
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Sydney Boys High School, Year 11, Mathematics Extension 1, Cohort Task 1, 2019
Question 11 (12 Marks)

The average mark was very high (as it should be). A small amount of students missed a
question and thus lost a mark for this. Be wary of this in your trial and HSC! A few (2 or 3
perhaps) copied the wrong information from the question into their workbooks. If this
resulted in a wrong evaluation, then half a mark was deducted for being careless — this is an
exam, be meticulous and don’t make these silly mistakes in your trial or HSC.

(a) Evaluate
(1) |—5| - |—7| This was generally well done by students. There was a small

=5-7 minority that treated the numbers like pronumerals and looked

=-2 for multiple solutions. If you wrote multiple solutions you lost
the full mark. If you wrote only one solution which was wrong
but still had the second line, then you were given half a mark
otherwise only the correct answer got full marks.

(i1) log, 64 =3 Four to the power of three equals sixty-four. This is a quick

calculation in one’s head. One could have found this on the calculator using
In 64 or log,, 64

In 4 log,, 4

a change of base to either e or 10, e.g. in your calculator

gives 3.

(b) sin 240’ Sine is only positive in the 1% and 2" quadrants. Since this is in the

=—sin60 3" quadrant, then the final answer will be negative. The equivalent

=—— angle for 240 degrees in the first quadrant is 60 degrees (240 — 180).

Some students failed to realise that the answer is negative, which was a
deduction of a full mark. If you got the exact value wrong but gave the
correct sign, only half a mark was taken off.



(©)

(d)

Simplify fully
(1) 5 al This was generally well done by students. Some chose
X" +3x
- to state that the answer is x + 3, which is an
x(x+3)
_ ! 3 abomination and was swiftly rebuked with a deduction
X+
or (x+ 3)71 of full marks.
(i1) 2y [« [2y + L] Well done by all who attempted it. If you got
V2
2 /2
= (‘/ 2 y) +Fy one term wrong and it was just a simple mistake
y
(ii1)
=2y+1 then only half a mark was deducted. If both
terms were wrong then there were no marks
awarded.

Rationalise the denominator:

ﬁ Too many students did not choose to multiply top and bottom
T y 3+42
3-42 3+\2

7(3++2)
== resulted in a deduction of 1 mark. If you left a surd in the

#-(\2)
7(3+\/§)

T denominator of your expression then you clearly have not done

=3+42 what the question asked and this was also a deduction of one
mark. Small arithmetic errors had half a mark deducted but
using the wrong sign in the denominator for either the product
of squares or the product of factors of the difference of two
squares resulted in a loss of 1 mark. Not everyone simplified
this at the end and HSC markers may not be as generous as [
am (thank me later). Please make it a habit to simplify all your
answers whether the question asks to or not (it states that all
answers should be simplified as much as possible on the front
cover of this and every other exam).

by the conjugate of the denominator for this expression. This



(e) M (-4, 4) & N (6, -3), find the midpoint, length and gradient of interval MN.

()  Midpoint of (x,,),) & (x,,¥,) = (xl ;xz 2 ;yzj

B (_4; i ’ = ;3)j If you got the sign wrong here then you lost full
- (1’%j marks, since it showed you don’t understand how this

formula works. Adding incorrectly the right numbers
lost you half a mark for each mistake. Choosing the
wrong numbers for your x & y lost you half a mark
each.

(i) MN-= \/ (x, —x, )2 +(3, - )2 * The wrong equation lost you the full

= \/(6 — (—4))2 +(-3- 4)2 * mark, e.g. using addition within the
=/10% + (—7)2 brackets rather than the difference.
=/149units Arithmetic errors other than that cost you

half a mark each.

(ii1))  Gradient of MN = H=h See the guide for (i1) above. Some
Xy =X

7 . ) .
= 1o * from (ii) students used run over rise which was

the wrong equation. One thing that was
incredibly annoying (grrrr.. ) was seeing
the negative sign in the denominator of
the gradient. STOP DOING THIS!



®

(1)

(i)

AP witha=5andd=4, find T},.
T,=a+(n-1)d This was done very well actually. Not many did

T,=5+ (1 1- 1) 4 anything wrong here. If you didn’t apply the formula

=45 properly you lost the whole mark. If you made a silly
arithmetic error like: 5 + 40 = 54 (which happened a
few times) then you only lost half a mark.

GP witha =5 and r= % , find the limiting sum.
S, = - This was also well done. Pretty much the same guidelines apply

= here as for (i) of this question.
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Comments:
Done very poorly.
Most students squared the entire function.
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.o sin28=1  or - §in20=-1
10 = S\r\ oy oL

Comments:

Done reasonably well.

However, most students either forgot to look at the domain or left answers in degrees. And factorised
the quadratic incorrectly

(&)Y L) =11 + 1 cos ("5'6%

(1) On 21 December 2019: t=0.

L(O) =124 .2 €05 (. 3@%0))

IV cos(o)
12+ 2(1)

) emplige =2

0 5\: |

- Shortest = (2 -2
. =10  hours 2 |




CGiy N =142 cos (k)
o i I

=1 =1 cos (%)

1(__;:\

c6§

3
"'J'o =121, % days. 1]

\J

mS
jg; \:
B

w(i-ii 8'\"*

Comments:

Done poorly.

(i)  Most students recognised that the 21% of December was ¢ = 0.

(i)  Some students did not calculate the correct amplitude to the graph, as well as students working
out the ‘when’ not the ‘how long’.

(ii1)) Most students forgot to either convert the answers to radians first then solve. As they tried to
multiple 2 different measurements together (radians and degrees).




Question 15

General Comments:

- Candidates whom received full marks in this question were able to sketch clearly all the key
features (listed in the Marker’s Comments) as shown in the solution.

- Candidates are encouraged to draw in pencil first if they are not sure of the solution, before going
over with black pen once they are satistied with their solution. Any candidates whom left their
final solution in pencil will NOT be able to appeal for any marks for that question.

- Candidates whom tested points using the original graph, to generate the points for the new graphs
were generally successful in this question.

- However, many candidates still need to review their understanding of the transformations of
graphs.

Question/ | Solution Marker’s Comments
Marks

15a) - This was done well by
Y y=f(x) majority of candidates.

' (Dottéd graph) - Candidates whom were

/ not successful in this
question were reflecting
; the original graph on the
- 27 N S— x-axis rather the y—axis.
/ Candidates should

, Y , , x understand the difference
) . 2 4 6 between y =-— f(x)and

21 e y=f(=x).

y=2f(x)-1 ,
15b) (Solid line — Y

including the

asymptote at 44

2 y=3whenxis
nega1l\;e:....

- The minimum key

.'4 features that candidates
] need to show to achieve
full marks:

=)
# (Dotted graph % Asymptote at y =3

¢ when x <-1.

%+ y-intercept at -1.

; X % Turning point near (2,-4).

6 ¢ x-intercept near -0.5 and
also 4.2.

+»+ Correct shape as shown
to the left particularly
how it intersects the
original graph.




15¢)

y=f@x-1)

y=r(x)
(Dotted graph)

t X

- The minimum key
features that candidates
need to show to achieve
full marks:

% Asymptote at y = 1
when x <-1.

¢ y-intercept at -1.

¢ Turning point near
(1,-2.2).

% x-intercept near -1 and
also 2.

% Correct shape as shown
to the left particularly
how it intersects the
original graph.

15d)

y=fQx-1)

y=f(x)
(Dotted g;aph)

- The minimum key
features that candidates
need to show to achieve
full marks:

% Asymptote at y =2
when x <-1.

¢ y-intercept is near 1.

% Turning point near
(1.4,-1.8).

% x-intercept near 0.5 and
also 2.5.

% Correct shape as shown
to the left. No marks
were deducted if the
intersection shown in
the left was not shown.




R: -\<\J‘3
we o (e ) D oul el 2
J
ﬂ'cuur\ea,(u,
Y= @(q(ﬂ) Dt il read e (-o0,0)
R: ~14y4 2R oR (—\}31

ote: For s renl nuaubic & s bhe .-.‘,\ e doamedin of (:(q(\))

a st be 14 e domiodn of c\(x) o ek a(u\ must b& i

W diomaun of '?(")

T range of £(4] W)) ¢ Hee ramae of £in) wohow ¥

resticted jush te Ane YEaE e j(“)

1) flg)) = o

Sin e 4‘(() = LD

Considen & (X\: \

:j,,.,—_l P (j:j(\) Mberse ik (a hwo plate s (Mx:c;z)
2 seludlong
A
b) 1) PR
/L /7177 826\ \\

b 2 fum§2 = E2
A A G
/ é\ \ ' Q) = 200 fo €2
TSN e
F,/A—/f ~ Q AP = 200 tar]]

PR™= 8P4 RQ" - 2(BP)BA) (o8

il

(200 Yoo 19) + (200 MM??—)1~ 2 (200 ten T ‘ﬂ (ZOO *m«%z)(og &

|

200 (m‘ﬂ + el %2 - 2 haadi ‘Mw\%’lgp_g&}




0

PA" = 200" ta 19  fart 82 — 2 Fan 19 tan 82 c0g 80)

P& = 200 JM?q FRa 82 — 2 fen ]Gt €2 cne D

~ 1604767883 ,

5;@6,9-0( = /‘ é047é7383 /2.914// /O m,m,‘m,‘;feg

Conmmmend 7 »

V&Vm o stiuolents qw«l«ea Lt vrpetes i QIG,

5/14M Feeot #au/b/e s A G Pw(ﬁ,¢ of 7[/9/74))

¢ e Niconho of soluFrens Fo ,7449/*)) o,

Liveer b) / )& & lide f&af, s fetean5 oo W Qi/ecy“ #o

Olé‘u)'\ 5 pmortes  fo- 51‘4/"‘}’\0,

PR = /Loofcwﬂﬁ) *(2007‘%8?_) —z/Qoofwaﬁ}(ZoOfamé'Z)ws&)

before s fotrns, PO 200" fei 19 + +an282 - zﬁm%mfzw;@/

/‘CJ" b)’\'») & eedoL fo be &wd US e /f/ww/éﬂ/a,c 0/[‘

zét’&r./r‘,/nj<‘//7' S%W&fc ﬁaa(/c.»’m wifi /U,S, 6‘/‘(,\} lones  hadps

i




Question 17 Solutions

(a) An artist posted a song online. Each day there were 2" 4+ 3n downloads, where n
is the number of days after the song was posted.

(1) Find the number of downloads on each of the first 3 days after the song was 2
posted.
Let 7 =2"+3n
T =2'+3x1
=5
T,=2+3x2
=10
T,=2"+3x3
=17

The number of downloads on each of the first three days is 5, 10 and 17

Comment:

Most students didn’t read this question carefully.

Students who calculated all three downloads (or showed evidence) before adding were generally not
penalised.

However some students only wrote T, or only S, and these students were penalised.



Question 17 Solutions (continued)

(a) (i)  What is the total number of times the song was downloaded in the first 2
20 days after it was posted?

LetS, =zn:Tn

i=1
= 2(2 +3n)
i=1

20

S, =>(2"+3n)

i2:01 20
=22+ 3n
i=1 i=1

20
22” : This is a geometric series with @ =2, » =2 and n = 20
i=1

i=1 r—1

v —2(220_1 Dz {Sﬂ i 1)}

20
2371 : This is an arithmetic series witha=3,d =3, n =20 and / = 60

i=1

23;1:2—20(%60) [Sn=§(a+z)}

=630

n8,, =2(2" =1)+630
=2097 780

The song had a total of 2 097 780 downloads.

Comment:

Some students resorted to listing all twenty terms and then adding — this would be an unrealistic
method for 200 downloads.

Despite the fact that most students could see that the sequence is not arithmetic nor geometric, there
were repeated attempts to use wrong formulae to calculate the sum.




Question 17 Solutions (continued)

(b) Eric’s reducing balance loan of $125 000 over 20 years attracts interest at 10.2% p.a.
(compounding quarterly).

Repayments of $3678.16 per quarter are made.
Five years into the loan the interest rate is increased to 10.8% p.a. (compounding quarterly),

but the quarterly repayment remains unchanged.

(1) Find the amount outstanding when the rate changes. 3

20 years = 80 quarters
5 years = 20 quarters
10.2% p.a = 2.55% per quarter

Let R=1+2.55%=1.0255
Let 4 = the amount owing after n quarters.

4,=125000

A =4 R-3678.16
=125000R —3678.16

A,= AR-3678.16

=(125000R—3678.16) R—3678.16
=125000R" —3678.16(1+ R)

A= 4,R-3678.16
=[125000R* - 3678.16(1+ R) | R—3678.16
=125000R*~3678.16(1+ R+ R*)

4,,=125000R™ -3678.16(1+ R+ R*+..+ R

R* -1
=125000R* —3678.16 x 2
=112 402.983
=112 402.98

The amount outstanding was $112 402.98

Comment:
This question is very similar to the question provided in the sample questions.

Students are expected to show development of the formulae from their knowledge of series. As a
result if students jumped straight to the results in the shaded rectangle above, they were
significantly penalised.

Students who assumed that 4 =(A4,_, —3678.16)x1.0255 were not able to get full marks.

Many students realised that the rate needs to be changed to quarters, but then didn’t change the
corresponding years. That said some students don’t know to convert to quarters.

Many students are rounding too soon and this might have caused inaccurate answers and hence
marks.




Question 17 Solutions (continued)

(b) (i1))  Find the new total length term of Eric’s loan.

At the start of the 21 quarter Eric owes $112 402.98
10.8% p.a = 2.7% per quarter

Let r=14+2.7%=1.027
Let B = the amount owing after n quarters.

B,=112402.98

The pattern will follow in a similar way as in part (i)
ie. B =By"—3678.16(1+r+r" +..+r"")

n

r'—1

o B = By" —3678.16x

)
To find the new term of the loan we need to solve B, =0

r'—1
’/'_
- B (r=1r"=3678.16(" =1)=0
[ B,(r—1)-3678.16 |r" =—3678.16

=0

- Br"—3678.16 X

__ 3678.16
3678.16 - B, (r—1)
= 5.71782526

. In5.71782526
’ Inr
= 65.4452763

This means that he will pay off the loan after a further 66 quarters
This means the loan has a term of 86 quarters or 211 years.

Note — the last quarter will not need a full repayment of $3678.16.

Comment:

ecf = error carried forward: Many students benfitted from this in that they were only penalised
once for the wrong answer provided for 4, in part (i). Fresh errors were penalised though or if the

error made in part (i) over simplified the problem in part (ii).

The development of the formulae was done in part (i) and didn’t need to be repeated. Students

could assume the structure of the formulae.

Some students don’t realise that there are exactly 66 payments after the change in interest rate and

not an approximation.

End of solutions



