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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

) 5
1 What is the coefficient of x in the expansion of (; — ) ?

A, —40
B. =10
A 10
D. 40

2 Given QO = 10+4¢¥, which of the following is the rate of change of Q?

e ‘i—?z(g—ﬁ

B. Z=(0-10)
C %:2(9—5)
D. %’%:2((3-10)

3 In how many different ways can all the letters of the word “SCINTILLA” be arranged?

A. 1260

B. 5040

C. 90720
D. 181440




5

Which of the following is the correct factorisation of P(x) = x> +4x?> +x—6?
A. Px)=(x+1)(x+2)(x—3)
B. P(x)=(x+1)(x—2)(x+3)
C. Px)=@x—1)(x+2)(x+3)
D. P(x)=(x—-1)x—-2)(x-3)

For the function y = sin2xcos 2x, which of the following is the correct amplitude and
period?

1
A. Amplitude is 2 and period is 7

1
B.  Amplitude is 3 and period is g
Amplitude is 1 and period is 7

D. Amplitude is 1 and period is -;5

Which of the following functions is a constant function?
A. y=arccos(x)+arcsin (—x)
B. y=arccos(x)— arcsin (—x)
C. y=arcsin(x)— arccos (x)
D

y = arcsin (x) + arccos (—x)

Suppose 12 firecrackers and 8 sparklers are to be arranged in a row so that no two
sparklers are together.

How many ways can they be arranged?

A. 165
B. 495
C. 792
D. 1287



_ 1
8 A curve is defined parametrically as % 1_*2';5 for t € [0,00).
Y= e

Which of the following graphs best represents this curve?

A. B.

N
%
N

oSS

1 1 X -1

Y




Which of the statements is always true for any non-zero vectors @ and b?
A.  |projpa| <|q
B. |projya| 2|
C. |projpa|<|b]

D. |projal > [b|

The polynomial P(x) = x>+ px — 2 has three distinct, real, non-zero roots.

Which of the following statements must always be true for p?

A, p<-3
B. p>-3
C. p<g3
D. p>3



Section II

60 marks
Attempt Questions 11-14
Allow about 1 hour and 45 minutes for this section

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

Your responses for Questions 11-14 should include relevant mathematical reasoning and/or
calculations.

Question 11 (16 marks)

(a)

(b)

(©

(d)

(e)

®

(2)

: 3 3
Consider the vectors u = (12) and v = (3)

Calculate the value of |u + y|.

I |
Find / 5 dx.
o 4+=x

e

P
\/f K

Use the substitution u = /x to find f

Five fair dice, each with faces labelled 1 to 6, are rolled. Calculate the probability that at
least two dice land with a 3 uppermost.

1
Solve —— > 3.
olve —— 2

Find a unit vector perpendicular to the vector a= i+2j.
The proportion of Australian residents that live in rural or remote regions is 28%.
A random sample of 200 residents is chosen from the entire Australian population.

Use the standard normal distribution and the information on page 13 to estimate the
probability that, within this sample, there are less than 60 rural or regional residents.




Question 12 (14 marks)

(a)

(b)

(c)

(d)

(e)

5
Find/ cos? (f) dx.
0 2

Solve v/3sinx —cosx =2 for 0 < x < 27.

Use mathematical induction to prove that

1
1+6+15+---+(2n2—n)=En(n+l)(4n—l)

for integers n > 1.

The position vector of a projectile, fired from the origin with velocity V m/s, after ¢

seconds is given by
1%
r(t) = ;:g-r (if—r—Srz) j.

Find the minimum velocity required for the projectile to reach a height of 40 metres.
Round your answer to the nearest m/s.

Each of the students in a class writes a different two-digit number on the blackboard.
The teacher claims that “there are at least three numbers on the board the sum of whose
digits are the same”.

Determine the smallest number of students in the class for the teacher’s claim to be
correct.



Question 13 (15 marks)

(a)

(b)

Given f(x) = 142e™*, x > 0, sketch the graph of g(x) = %xj clearly marking any

intercepts and asymptotes.

Planes are scheduled for take-off from the main runway at Sydney Airport on a bearing
of 340°T from 8:00 pm. At the same time, a weather system is producing 15 ms i
winds that change direction as the system moves across the airport.

The wind vector at time ¢ hours after 8:00 pm is given by

T T
w = 15cos (r—g)£+1551n(r—g)‘_j

and the unit vector in the direction of take-off is
P - T, + T
I'=—38—1 cOoS — J.
£ 9+ g4

This situation at 8:00 pm is represented in the diagram below, where the standard basis
vectors i and j point east and north, respectively.

[NOT TO SCALE|

N

7= —sinZi z g
r=-—smgl+CoSgy J

w =15cos (t— %) i+ 15sin (1~ §) j

5
()  Show that w-7 = 15sin (r— %) .

(ii)  Runway use is determined by wind strength and direction. Once the tailwind
(the component of the wind in the same direction as take-off) exceeds 5 ms !,
Air Traffic Control will order a change in runway direction. Determine the
time, to the nearest minute, when the order to change the direction of take-off

is issued.

Question 13 continues on page 9




Question 13 (continued)

(c)

(d)

A rare species of butterfly inhabits a national park. The growth rate of the butterfly
population varies according to the time of year and the number of butterflies present.
An entomologist studying the butterflies suggests the following differential equation to
describe the population growth

dn Tn (m‘ )

= —COS | —

dt 6 6

where 7 is number of butterflies (in 100 000s) and ¢ is the time in months after 1 January.

The entomologist estimates that there are 100000 butterflies in the national park at the
start of the year.

Find the maximum and minimum number of butterflies in the national park over the
course of a year. Write your answer correct to the nearest 1000 butterflies.

The diagram below shows the graph of the function y = xe*, which has a global minimum
at P. The diagram also shows the graph of y = f~!(x), the inverse function of y = xe*,
which includes the positive x-axis in its domain. The point Q lies on y = f~!(x).

¥ y=xe*

y=1"1z)

)‘1‘

(i) Determine the coordinates of P. Write your answer in exact form.

(ii)  State the largest possible domain of f~!(x).

" . e ve 1
(iii)  Find the equation of the tangent to y = ! (x) at Q (Te, 2) .

End of Question 13



Question 14 (15 marks)

(a) The arc of the curve y = 1/x from x = 0 to x = k is rotated around the x-axis to form
a solid with volume V; and also around the y-axis to form a solid with volume V; as
shown in the diagram below.

T e e

For which value of k is V] =V, ?

(b)  Louis is playing a poker machine at his local club. Each game on the poker machine
is a Bernoulli trial where the probability of winning is p, with 0 < p < 1. Louis is
determined to keep playing until he wins one game.

The random variable X is the total number of games that Louis plays. Thus

P(X=1)=p,
P(X =2)=p(1-p),
P(X =3) = p(1—p)?,

P(X =n)=p(1-p)" ",
where n is a positive integer.

(i)  Show that the probability that Louis plays more than n games is (1 — p)t.
(i1) If m and n are two positive integers, show that

PX>m+n|X>m)=P(X >n).

(iii) Louis thinks that he is “building up luck” by playing the same poker machine,
even when he loses. Explain why this notion is incorrect.

Question 14 continues on page 11
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Question 14 (continued)

(c)  Consider the functions y = x> —2x and y = (x— 1)? + b as shown in the diagram below.
y A y — x3 — Zx
y=@x-1)+b
:x

For which two values of b do the graphs intersect exactly twice?

(d) A tank in the shape of a truncated cone is filled with water, which is leaking out from
the bottom at a rate of 1.5 m? per minute.

4m

6m

fons il

ll.S m?3/min

The volume V, in cubic metres, of water in this tank when the height of the water is
h metres and the radius of the surface of the water is » metres is given by

V= gh (P+r+1). (Do NOT prove this.)

Find the rate at which the water level is falling when the height of the remaining
water is 1 metre. Give your answer correct to the nearest centimetre per minute.

End of Examination

|-
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NORMAL CUMULATIVE DISTRIBUTION FUNCTION

Entries represent P(Z < z). The value of z to the first decimal place is given in the left column.
The second decimal place is given in the top row.

4 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
03 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
04 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 0.7580 0.7611 0.7642 0.7673 0.7703 0.7734 0.7764 0.7794 0.7823 0.7852
0.8 0.7831 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
1.0 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.2 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
1.3 09032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177
14 09192 09207 09222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319
15 09332 09345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
1.6 09452 09463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.7 0.9554 09564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
1.9 09713 09719 0.9726 09732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767
20 09772 09778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
2.1 09821 009826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857
22 09861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890
23 09893 09896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916
24 09918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936
25 09938 09940 0.9941 09943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952
2.6 09953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964
27 09965 0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974
28 09974 09975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981
29 09981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986
3.0 09987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990
3.1 0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993
32 09993 09993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995
33 09995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9997
34 09997 09997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998
35 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998
3.6 09998 0.9998 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
3.7 09999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
3.8 09999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
3.9 10000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

P
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CSSA
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MARKING GUIDELINES

Mathematics Extension |

Section |
10 marks

Multiple Choice Answer Key

Question | Answer | Outcomes Assessed | Targeted Performance Bands
1 A ME11-5 El
2 D ME11-4 El
3 C ME11-5 El-E2
4 C ME11-2 B2
5 B ME11-3 E2
6 B MEI1-3, ME12-4 E3
7 D MEI11-5 E3
8 3 ME11-2 E4
9 A MEI2-2 E4
10 A MEI11-2 E4

Question 1 (1 mark)
Outcomes Assessed: ME]1-5
Targeted Performance Bands: El

Solution Mark
5 5 5—k
k
=) =X (CHE) ew
(‘f it \k X
3, /8
:Z“(k)(—-])"xf'L><!(""5><r‘t I
k=0
5 5 B
- Z ( )(_l).{ % 35—k % \-A—J
k=0 k
We want the term in x, i.e. when 2k —5 = 1, i.e. when k = 3.
So the coefficient is (3)(—1)* x 22 = —40.
Hence A
Disclaimer
The information contained in this document is d for the professional assi of only teaching staff. It does not constitute advice to students. Further it is not the intention

of C5SA to provide specific marking outcomes for all possible CSSA Trial HSC Examination answers, Rather the purpose is to provide teachers with information so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty Is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial' HSC Examination guestion or answer. The CSSA assumes
no liability or responsibility for the accuracy, completeness or usefuiness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 2 (1 mark)
Outcomes Assessed: ME] -4
Targeted Performance Bands: El

Solution Mark
0 =10+4e" = Q— 10 =4¢"
d 1
d_? =2 x 4¢”
=2(Q - 10)
Hence D
Question 3 (1 mark)
Outcomes Assessed: ME]1-5
Targeted Performance Bands: EI-E2
Solution Mark
There are nine letters altogether, of which 2 are repeated. Thus the answer is
9! 1
—— =90720.
21 x2! )
Hence C
Question 4 (1 mark)
Outcomes Assessed: ME]]-2
Targeted Performance Bands: E2
Solution Mark
Consider P(x) = x> +4x* +x—6.
Test P(o) such that « is a factor of —6.
Since P(x) is a polynomial of degree 3, there are at most 3 linear factors.
P(1) =0so x— 1 is a factor of P(x) 1

P(—2) =0so x+2 is a factor of P(x)
P(—3) =0 so x+ 3 is a factor of P(x)

Thus P(x) = (x— 1)(x+2)(x+3).
Hence C

Disclaimer

The information contained in this document is intended for the professional assistance of only teaching staff. It does not constitute advice to students. Further it is not the intention
of CSSA to provide specitic marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose is o provide teachers with information so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect o the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial HSC Examination question or answer. The CSSA assumes

no liability or responsibility for the ¥ p or useful of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 5 (1 mark)
Qutcomes Assessed: ME]-3
Targeted Performance Bands: E2

Solution Mark
y=sin2xcos2x = % sin4x
1
amplntude is ;
period is 5
Hence B

Question 6 (1 mark)
Outcomes Assessed: ME11-3, ME12-4
Targeted Performance Bands: E3

Solution Mark

If the derivative of a function is zero, then the function is a constant function.
Consider the derivative of each of the functions.

dy &

A: y=arccos(x) +arcsin(—x) = e = £0
iy

B: y=arccos(x) —arcsin(—x) = d_:. —0 ;
dy 2

C: T 1 _— ) ST i e 0

y = arcsin (x) —arccos (x) = — -

dy 2

D: y = arcsin(x) +arccos(—x) = (L\r Vi £0

Hence B

Disclaimer

The infarmation contained in this document is intended for the professional assistance of anly leaching stafi. It does not constiute advice to students. Further it is not the intention
of CSSA to provide specific marking outcomes for all possible CSSA Trial HSC Examination answers, Rather the purpose Is to provide teachers with information so that they can
better explore, understand and apply HSC marking lequlrernen'ls as estabhshed by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect to the application ar use of CSSA Trial HSC Exami | in relation to any specific “Trial HSC Examination question or answer. The CSSA assumes
no liability or responsibility for the accuracy, completeness or usef-ulneSs u1' any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 7 (1 mark)
Outcomes Assessed: ME11-5
Targeted Performance Bands: E3

Solution

Mark

Consider the 12 firecrackers arranged in a row:

FEBFEFFREFFF

There are 13 gaps in which a sparkler may be placed ensuring no two sparklers are
next to one another (including before the first F and after the last F).

From these gaps, 8 must be chosen in which to place a sparkler.

13!
Thus the solution is ¥Cg = ——— = 1287.

8! x5!
Hence D

Question 8 (1 mark)
Outcomes Assessed: ME]1-2
Targeted Performance Bands: E4

Solution

Mark

x=0, y=1, thus D is eliminated. Thus the correct answer is C.

Hence C

Note that y > 0 for 7 € [0, ), which eliminates A and B. Also note that when = 1,

Disclaimer

The information contained in this document is intended for the professional assistance of only teaching staff. It does not constitute advice to students. Further it is not the intention
of CS5A to provide specific marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose is to provide teachers with information so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specitic “Trial' HSC Examination guestion or answer, The CSSA assumes

no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 9 (1 mark)
QOutcomes Assessed: ME12-2
Targeted Performance Bands: FE4

Solution Mark
Consider the following:
a-b
| projpa| = rmg

la-b|
=75 ]

la||b]|cosO| ~ 1
= —T since |b| =1
= |a]| cosB|

Now, 0<|cosf|<1
thus 0<|al|cosB|<|a|

and so |projpa| < |a| is always true for any non-zero vectors g and b.

Hence A

Question 10 (1 mark)
Outcomes Assessed: ME] -2
Targeted Performance Bands: E4

Solution Mark

Consider p =0, P(x) =x* -2 = (.r— \Vf) (x2 +V2x+ \752)

Now, x% + v/2x + \3/52 = 0 has no real solutions, meaning P(x) = x> — 2 will have
only one distinct zero and hence p # 0.

This eliminates solutions B and C.

Now consider, P'(x) = 3x*> + p. For P(x) = 0 to have three distinct, real, non-zero 1
roots, it must have exactly two turning points and as such, P'(x) = 0 must have
exactly two distinct solutions. This eliminates option D since 3x? + p = 0 has no
real solutions if p > 3.

Note: If p = —3 there is a double root at x = 1, so p is strictly less than —3.

Hence A

Disclaimer

The information contained in this document is Intended for the professional assistance of only teaching staff. It does not constitute advice to students. Further it is not the intention
of CSSA 1o provide specific marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpase |s to provide teachers with infarmation so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
raspect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial' HSC Examination question or answer. The CSSA assumes
no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Section Il

60 marks

Question 11 (16 marks)

Question 11(a) (2 marks)
Outcomes Assessed: ME]2-2
Targeted Performance Bands: EI

Criteria Marks
e correct solution 2
e correctly finds u+v |

Sample Answer:

U+y= 7 +
S 12
(8
A5
8
|u+v|=|(15 ‘

=1/82+152

= 17 units
Question 11(b) (2 marks)
Outcomes Assessed: MEI2-1, ME12-4
Targeted Performance Bands: El

Criteria Marks
e provides correct solution 2
e finds the correct indefinite integral 1
Sample Answer:
2 2
-1 1 | (X
dx = | =tan —)
0 4 4 x= 2 2 0

1 2 by

— tanV{ =) —tan™ 0

—3 2

1 Ir ]

— 9 4

T

8
Disclaimer
The information contained in this document is intended for the professional assistance of only teaching staff, It does not constitute advice to students. Further it is not the intention
of C5SA to provide it ing oL for all ible CSSA Trial HSC Examination answers. Rather the purpose is to provide teachers with information so that they can

better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial' HSC Examination question or answer. The CSSA assumes
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Question 11(c) (2 marks)
Outcomes Assessed: MEI2-1, ME]2-4
Targeted Performance Bands: EIl-E2

Criteria Marks
e correct solution 2
e valid attempt at substitution 1
Sample Answer:
Using the substitution u = y/x then x = u?.
x=u’
dx
s P
du :
dx = 2udu
eVx e
Substituting gives /—d.r = / — 2udu
J Vx J u
= / 2¢"du
=2e"+c¢
=2eV* 4
Question 11(d) (2 marks)
Outcomes Assessed: MEI2-5
Targeted Performance Bands: E2
Criteria Marks
e correct solution 2
e calculates the probability of the complementary event 1

Sample Answer:

The event that at least two dice land with a 3 uppermost is the complement of the event

that either zero dice or one die lands with a 3 uppermost.
Let E be the event “at least two dice land with a 3 uppermost"

e () e () ()

Disclaimer

The intormation contained in this document is intended for the professional assistance of anly teaching stafi. It does not constitute advice to students. Further it is not the intention
of CSSA to provide specific marking cutcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose Is to provide teachers with informatian so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial' HSC Examination question or answer. The CSSA assumes

na liability or responsibility for the accuracy. completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.

i




Question 11(e) (3 marks)
Outcomes Assessed: MEII1-2, MEI1-7
Targeted Performance Bands: E2

Criteria Marks
e correct solution 3
e valid progress towards the solution such as correct x values with incorrect inequality 2
symbol(s)
e attempts a valid method for solving inequalities with an unknown in the denominator 1
Sample Answer:
L 53 349
xXx—2 =
1
—-3=0
x—2 o
1-3(x—2)
x—2 20
7—3x
>0
x—2 =
(7—3x)(x—2) >0 multiplying by (x—2)?
7
k< 3 (since x # 2)
Question 11(f) (2 marks)
Outcomes Assessed: MEI2-2
Targeted Performance Bands: E2
Criteria Marks
e provides correct solution 2
e valid progress such as finding the gradient of the vector perpendicular to a or finding any 1
vector perpendicular, e.g. a, =2i— jora; = —2i+j
Sample Answer:

The vector a = i+ 2 j has gradient m = 2.

: ; 1
Hence a vector perpendicular to a has gradient m | = =

: : [ E - e
There are two such vectors with gradient _5: 2i— jor—2i+j.

Both of these vectors have magnitude /5.

2 |
Hence a unit vector perpendiculartoa = i+2jis —=i— ~\/—§—j or ———=i+—=j.

V5

Disclaimer

The information contained in this document is intended for the professional ce of only g staff. It does not constitute advice to students. Further it is not the intention
of CSSA to provide specific marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose is to provide teachers with information so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authorily. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific Trial HSC Examination question or answer. The CSSA assumes

no liability or respansibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 11(g) (3 marks)
Outcomes Assessed: MEI[2-5
Targeted Performance Bands: E2

Criteria Marks
e provides correct solution 3
e calculates the z-score for p 2
e calculates the standard deviation of the sample 1

Sample Answer:
The normal approximation to p has mean, y = 0.28

/0.28 x 0.72
d standard deviati =4/ —
and standard deviation o 300

We need to find P(p < 0.3), so we find the z-score.

0.3—-0.28 o :
z=———=0.63 (correct to 2 significant figures)

P(p < 0.3)=P(z<0.63)
~ 0.7357

Disclaimer

The infarmation cantained in this document is intended for the professional assistance of only teaching staff, It does not constitute advice to students. Further it is not the intention
of GSSA to provide speeific marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose Is to provide teachers with information so that they can
better explore, understand and apply HSC marking regui s, as blished by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelings in relalion to any specific ‘Trial' HSC Examination question or answer. The CSSA assumes

no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 12 (14 marks)

Question 12(a) (3 marks)
Outcomes Assessed: MEI2-1, ME12-4
Targeted Performance Bands: E2

= A ; X
e correct manipulation of the expression cos? (5)

Criteria Marks
e correct solution 3
e finding the correct indefinite integral 2
1

Sample Answer:

NE]

J

1 3

=—/ (1 +cosx) dx
2 Jo
1

= 3 [x - sinx]

Disclaimer

p 4
5 (% o z ] 1
cos (§> d.x-/o E(l+cos(2xi,‘r)) dx

The information contained in this document is intended for the professianal assistance of only teaching stafi. It does not constitute advice to students. Further it is not the intention
of CSSA to provide specilic marking outcomes for all possible G5SA Trial HSC Examination answers. Rather the purpose is lo provide teachers with information so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority, No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines In relation ta any specific “Trial' HSC Examination question or answer, The CSSA assumes

no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 12(b) (3 marks)
Outcomes Assessed: MEI2-3
Targeted Performance Bands: E2

Criteria Marks
e correct solution 3
e substantial progress such as finding both R and & 2
e valid attempt at using the auxiliary angle method such as finding R or o or using 1
t-formulae substitution

Sample Answer:
Let v/3sinx —cosx = Rsin(x — ) where R > 0 and 0 < ot < Z.

2
Then v/3sinx — cosx = Rsinxcos & — R sin & cosx.
Equating coefficients: Rcosa = /3 and Rsina = 1.

R*cos® o+ R?sin*a =3+ 1

R*=4
so R=2,since R > 0.
Rsmoa 1
Rcosa_ﬁ
1
tan(x-ﬁ
T T
a—g,51nceo<a<5
So V/3sinx—cosx = 2sin (.1'—- %) =2
~ % TE —
bm(x—g)—l
T
Y52
2z
A=

Disclaimer

The infarmation contained in this document is intended for the professional assistance of only teaching staff, It does not constitute advice to students. Further it is not the intention
of CSSA to provide specitic marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose is to provide teachers with Infarmation so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect (o the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial' HSC Examination guestion or answer. The CSSA assumes
no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 12(c) (3 marks)
Outcomes Assessed: MEI12-1, ME12-7
Targeted Performance Bands: E2

Criteria Marks
e provides full and correct proof 3
e correctly substitutes the result from the inductive hypothesis 2
e proves the result true forn =1 1
Sample Answer:
Step 1 Prove the result true for n = 1.
1
LHS =1 RHS:Exlx(l—:l)xM—I)
=1
= LS

Since LHS = RHS. the result is true for n = 1.

Step 2 Let the result be true for some integer n = k.

1
Thatis, 1+6+15+:--+ (2% —k) = gk(fc+ 1)(4k—1)
Step 3 Prove the result true forn =k + 1
i.e. Prove that

14615+ (242 —K) + (2(k+ 12 = (k+ 1)) = 2(k+ 1) (k+2)(4k +3)

LHS =1 +6+ 15+ -+ (2k> — k) + (2(k+1)*> — (k+ 1))

:ék(k+1)(4k—l}+2(k+1)2—(k+1) By Step 2

= %k(k+1)(4k— 1)+%2-(k+ 1)2 - g(k+ 1)
= %(k+ 1}{&'(4!:— 1)+ 12(k+ 1)—6]
:é(k+l)[4k3—;-llk;—6]

= (bt 1)(k+2)(4+3)

= RHS as required

1
Hence 1 +6+ 15+---+(2n* —n) = gﬂ(n—'r 1)(4n— 1) is true for all integers n > 1 by
the principle of mathematical induction.

Disclaimer
The information contained in this document is intended far the f ional i of only ing staff. It does not constitule advice to students. Further it is not the intention
of CSSA to provide specifi king ou for all possible CSSA Trial HSC Examination answers. Rather the purpose is to provide teachers with information so that they can

better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial' HSC Examination question or answer. The CS5A assumes
no fiabllity or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 12(d) (3 marks)
Outcomes Assessed: ME]2-2
Targeted Performance Bands: E3

Criteria Marks
e provides correct solution 3
e correctly finds the expression for ¢ for which the vertical velocity is zero 2
e differentiates to find the velocity of the projectile 1

Sample Answer:
We need the velocity in the vertical direction to equal zero when the vertical position of

the projectile is 40 m.

f'_\- = T’f = Sr
Vy = \/EV — 10t
Solving v, =0 Q —10t=0
10t = g
Vv
20
Substituting t = 2_0V into ry and solving r, = 40:
VIV V3V V3V
2 _5( 20 ) =40
v 3y
womo
32

g0 — 40

3V2 = 3200

3200

(e
3

V ==x32.659.-.
V = 33 m/s (nearest m/s), V >0
Disclaimer

The infarmation contained in this document is intended for the protessional assistance of only teaching staff. It does not constitute advice to students. Furiher it is not the intention
of GSSA 1o provide specific marking outcomes fnr all possible CSSA Trial HSC Examination answers. Rather the purpose is 1o provide teachers with infarmation so that they can
better explore, understand and apply HSC as blished by the NSW Education Standards Authority. No guarantee or warranty Is made or implied with
respect to the application or use of CSSA Trial HSC Exam:natmn Marking Guidelines in relation to any specific "Trial’ HSC Examination guestion or answer. The CSSA assumes
no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 12(e) (2 marks)
Outcomes Assessed: MEII-5
Targeted Performance Bands: E3

Criteria Marks
e provides correct solution 2
e some progress towards solution such as finding the number ‘pigeon-holes’ (18) or 1
equivalent
Sample Answer:

The first digit can be 1 to 9 inclusive and the second digit can be 0 to 9 inclusive. This
gives 18 possible sums of the digits of the two-digit numbers.

Note that every student writes a different two-digit number on the board.

However, the sums of 1 and 18 can only be obtained from one two-digit number each (10
and 99 respectively).

Similarly, the sums of 2 and 17 can only be obtained from two two-digit numbers each (11,
20 and 89 and 98 respectively).

All other sums can be obtained in at least three ways.

Consider the "pigeon-holes" to be the numbers 3 to 16 (a total of 14 sums that may be
obtained in three ways so may fit 3 "pigeons"”) and the pigeons to be the sum of the
two-digit number written on the board.

There are also 6 extra "pigeon-holes” that may fit ONLY one pigeon in them - these are for
the two-digit numbers 10, 11, 20, 89, 98 and 99.

The smallest number of students will be 6 +2 x 14+ 1 = 35.

Disclaimer

The information contained in this document is intended for the professional assistance of only teaching staff. It does not constitute advice to students. Further it is not the intention
of CSSA to provide specific marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose Is to provide teachers with information so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Stand Authority. No g or warranty is made or implied with
respect o the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific “Trial' HSC Examinalion question or answer. The CSSA assumes

no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 13 (15 marks)

Question 13(a) (2 marks)
Outcomes Assessed: MEII-1, ME11-2, ME]2-1
Targeted Performance Bands: E3

Criteria Marks
e provides correct graph with correct shape, y-intercept and asymptote clearly marked 2
e one of correct shape, y-intercept or asymptote of y = g(x) OR correct sketch of f(x) 1
Sample Answer:
y
%
Question 13(b) (i) (2 marks)
Outcomes Assessed: ME]2-2
Targeted Performance Bands: E3
Criteria Marks
e correct and clear progress to the solution 2
e correctly sets up w7 1

Sample Answer:

= Tt . T , T Tt
w7 =15cos (r—g) X —snn§+1581n (r-g) X oS —

9
= 15 [sin (r — g) cos—;E —Cos (r - %) sin g}

Disclaimer

The information contained in this document s intended for the prolessional assistance of only teaching staff. It does not constitute advice to students. Further it is not the intention
of CSSA to provide specific ing for all possible CSSA Trial HSC Examination answers, Rather the purpose is to provide teachers with information so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial' HSC Examination guestion or answer. The CSSA assumes

no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers,
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Question 13(b) (ii) (2 marks)
Outcomes Assessed: MEI[2-2
Targeted Performance Bands: E3

Criteria Marks
e correct solution 2
® SOmMeE progress 1

Sample Answer:
As r is a unit vector, the component of w along the runway is given by (w - 7) 7.

To determine when the order to change directions is issued, we solve w7 = 5 for f.

r—S—ﬂ:+sin'1 l
18 3

2 121250
= 1 h 13 min (to the nearest minute)

The order to change runway direction will be issued at 9:13 pm.

Disclaimer

The information contained in this document is intended for the prolessional assistance of only teaching staff, It does not constitute advice to students, Further it is not the intention
of CSSA to provide specific marking ¢ for all g CSSA Trial HSC Examination answers. Rather the purpose is to provide teachers with information so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No g or wa y is made or implied with
respect to the apglication or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specitic ‘Trial' HSC Examination question or answer. The CSSA assumes
no fiability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 13(c) (4 marks)
Outcomes Assessed: MEI[2-1, ME12-4, ME[2-7
Targeted Performance Bands: E3

Criteria Marks

e correctly calculates the maximum and minimum populations A

e identifies when the maximum and minimum values will occur

e uses the initial conditions to find either the constant of integration C or A

— I

e progress towards solving the differential equation by separation of variables

Sample Answer:
1 T it
/;dn— /gcos (g) dt
Tt
1 = §i (—~)+C
n|n| = sin 2
Sincen>0 n =AeSi“(%), AeR

Solving for A using the initial conditions:

nxu}

100000 = A5
A = 100000

The maximum occurs when sin (%) — 1 and the minimum when sin (%) = —1. Thus

Nmax = €' x 100000 = 272000
Nmin =€ x 100000 = 37000

Disclaimer

The information contained in this document is intended for the professional assi: of only hing staff, It does not constitute advice 1o students. Further it is not the intention
of CSSA to provide specific marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose is to provide teachers with information so that they can
better explore, understand and apply HSC marking requirements. as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific “Trial' HSC Examination question or answer. The CSSA assumes
no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 13(d) (i) (2 marks)
Outcomes Assessed: MEII-1
Targeted Performance Bands: E3

Criteria Marks
e provides correct solution 2
e correctly differentiates y = xe* 1
Sample Answer:
If y=xe
dy
— =y L
o XE =1
=é&*(x+1)
dy ~1 . I
When — =0,x=—landy=—¢ !, soPis (—1,—1).
dx
Question 13(d) (ii) (1 mark)
Outcomes Assessed: ME]1-]
Targeted Performance Bands: E2
Criteria Mark
e provides correct solution 1

Sample Answer:
The largest possible domain is [—%.m).

Disclaimer

The information contained in this document is intended for the professional assistance of only teaching staff. It does not constitule advice to students. Further it is not the intentian

of CSSA to provide specific marking outcomes for all possubie CSSA Trial HSC Examination answers. Rather the purpose :s 1o provide teachers with information so that they can
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Question 13(d) (iii) (2 marks)
QOutcomes Assessed: MEII-1, ME12-4
Targeted Performance Bands: E3

Criteria Marks
e provides correct solution 2
e calculates the gradient of the tangent to y = f(x) atx = 5 1

Sample Answer:

To find the gradient of the tangent to y = f"(x) at the point O (—2—”%) we find the

reciprocal of the gradient to y = xe* when x = %

(\I

d ¥
When x = '5, é = ST‘/E, hence the gradient of the tangent is —3—27; Thus

-2

1 2x 1
V-3=373
2% 1

¥=g ety

Disclaimer

The information contained in this document is intended for the professional assistance of only teaching staff. It does not canstitute advice to students. Further i is not the intention
of CSSA to provide specific marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose is (o provide teachers with information so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial’ HSC Examination question or answer. The CSSA assumes
no liability or resg ibility for tha p or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 14 (15 marks)

Question 14(a) (3 marks)
Outcomes Assessed: ME 12-4
Targeted Performance Bands: E3

Criteria Marks
e provides correct solution 3
e integrates correctly to obtain an equation in k 2
e correct statement equating the volumes, with the correct variables and limits 1

Sample Answer:
ko vk
. 2
Equating volumes yodx = / ¥ d
0 0
k vk
4
f xdx = / yidy
0 0
vk
2 S
x b}
0 0
5
k> kz
Disclaimer
The information contained in this document is intended for the professional assistance of onty teaching stafi. It does not constitute advice to students. Further it is not the intention
of CSSA to provide specilic marking outcomes fur aII Dossnble CSSA Trial HSC E i . Rather the purp Is to provide teachers with information so that they can
better explore, understand and apply HSC | blished by the NSW Education Slandands Authorlly No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examlnanon Markmg Guidelines In relation to any sp ‘Trial' HSC E ion question or answer. The CSSA assumes

no liability or respansibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.

=20-—




Question 14(b) (i) (2 marks)
Outcomes Assessed: ME]2-5
Targeted Performance Bands: E3

Criteria Marks
e provides correct solution 2
e identifies the geometric series 1

Sample Answer:
We use the complementary probability. Firstly, we find P(X < n).

PX<n)=PX=1)+P(X=2)+P(X=3)+---+P(X =n)

n—1

=p+p(1—=p)+p(1—=p)*+---+p(1-p)

This is a geometric series with initial term p, common ratio (1 — p) and n terms. Thus

_p[1=(1-p)]

P(X =n)=
e = =t
_pll=(=p)]
p
=1-(1-p)"
Then
P(X >n)=1—P(X <n)
1= [1=(1-p)]
=(1—p)", asrequired
Disclaimer

The information contained in this document is intended for the professional assistance of only teaching staff. It does not constitute advice to students. Further it is not the intention
of CSSA to provide speciiic marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpese is to provide teachers with information so that they can
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no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 14(b) (i1) (2 marks)
QOutcomes Assessed: MEI2-5
Targeted Performance Bands: E4

Criteria Marks
e correct solution 2
® SOme progress 1

Sample Answer:
From the conditional probability formula,

P(X >m+nNX >m)

PX>m+n|X>m)= PX > m)

However, as m and n are both positive, X > m + n implies X > m. Thus

P(X > m+n)

PX>m+n|X>m)= PIX > m)
7

From part (i),

(l .y )Hl““ﬂ
(1 i, )m
(1—=p)"
=P(X >n), asrequired

PX>m+n|X>m)=-—"—"—

Il

Disclaimer

The information contained in this document is intended for the professional assrsmncs of only teaching staff, |t does not constitute advice to students. Further it [s not the intention
of CSSA to provide specific marking outcomes: fcr all possible CSSA Trial HSC E Rather the purp is to provide teachers with informalion so that thay can
better explore, understand and apply HSC s, as blished by the NSW Education Slandards Authority. No guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific ‘Trial HSC Examination question or answer. The CS5A assumes
no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 14(b) (iii) (1 mark)
Outcomes Assessed: MEI2-8
Targeted Performance Bands: E4

Criteria Mark
e correct reasoning referring to part(ii) 1
Sample Answer:
From part (ii),
PX>m+n|X >m)=PX >n).
In other words, even if Louis loses the first m rounds, the probability that he loses the next
n rounds does not change. Thus his “luck™ (probability of winning) does not increase as he
continues to play the poker machine.
Question 14(c) (3 marks)
Outcomes Assessed: MEI1-2, MEI11-7
Targeted Performance Bands: E4
Criteria Marks
e provides correct solution 3
e one correct value of b or equivalent merit 2
ofindsa=00rsORB=1or —5 1

Sample Answer:

Let P(x) = x* —2x and Q(x) = (x — 1)? + b. Consider the function F(x) = P(x) — Q(x).
For the graphs to intersect exactly twice, the polynomial equation F(x) = 0 must have

exactly one double root and one single root.
Let the roots of F(x) =0be «, o and .

F(x) = P(x) - O(x)
=y Dx—(x—1}*—bh
=x—x*—(1+b)

Consider F’(x) = 3x*> — 2x
Since a is a double root  F’(at) = 30> —2a =0
a(3a—2)=0
2
o =0or 3

fora=0 F(0)=0-0—-(1+0)=0 = b=-1

and for ¢ =

[FAYIS)

Disclaimer

F@) = (%)3—(2)'—(“1;):0 — b=—3:

The information contained in this document is intended for the prolessional assistance of only teaching staff. It does not constitute advice to students. Further it is not the intention
of CSSA to provide specific marking outcomes for all possible CSSA Trial HSC Examination answers. Rather the purpose is to provide teachers with infarmation so that they can
better explore, understand and apply HSC marking requirements, as established by the NSW Education Standards Authority. Mo guarantee or warranty is made or implied with
respect to the application or use of CSSA Trial HSC Examination Marking Guidelines in relation to any specific 'Trial’ HSC Examination question or answer. The CSSA assumes
no liability or responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the CSSA Trial HSC Examination papers.
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Question 14(d) (4 marks)
Qutcomes Assessed: MEI]-4
Targeted Performance Bands: E4

Criteria Marks
e provides correct solution -
e correct expression for :f, or equivalent 3
e correct expression for the volume in terms of h or equivalent 2
e correct similarity relationship, diagram or expression for the chain rule 1

Sample Answer:

2m

h

6m

dh dhdV 1
W dtofind —=-——
i e “V di v di
) T
W —=-—1.5 = — -
e are given = and V 3h(r2 r+l) 12m
B similars _6+h _6+h
A Y 3712 %
2 T 6+h\2
V=—h(r -i-r-f-l):gh ( e ) +

6+h
6

g

[—’;8 (1087 + 1847 + ]

I minute

Differentiating wrt / : % 108 [108+ 36h+3h” ]
dh 36
dV — m(36+12h+ i)
hen h =1 oe..
and when h = = IZ
So s o X LR £ x —1.5
dt dvV dt 497
= —0.35079...m pe
~ —35cm per minute

So. when /i = 1 m, the height is falling at a rate 35 cm per minute
height is changing at a rate of —35 cm per

Disclaimer

or
minute
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