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Question booklet 1
• Questions 1 to 6 (52 marks)
• Answer all questions
• Write your answers in this question booklet
• You may write on page 10 if you need more space
• Allow approximately 65 minutes
• Approved calculators may be used — complete the box below

Examination information
Materials
• Question booklet 1
• Question booklet 2
• Formula sheet
• SACE registration number label

Instructions
• Show appropriate working and steps of logic in the question booklets
• State all answers correct to three significant figures, unless otherwise instructed
• Use black or blue pen
• You may use a sharp dark pencil for diagrams and graphical representations

Total time: 130 minutes
Total marks: 100
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Question 1 (7 marks)

Find 
d
d
y
x

 for each of the following functions. There is no need to simplify your answers.

(a) y x x �� �OQ � ��

(2 marks)

(b) y
x

x � �
� � �

(2 marks)

(c) y
x
ex

 
�� �sin 9 3

8

(3 marks)

use in fac It
Ézx hopefully on your notessheet

don't make up log laws
there are none to be
used here

y 42 Fx 1 2 prior to differentiating

1 4 1 2 2 yet y y y

writing in index form

can be helpful

f don't break the Chain
rule

by forgetting the 7

yip

Quotient Rule

converting to
y Sin 9 3 x 8e
and usin the product
Rule



  

In Run-Matrix 

Press OPTN F4 F4 
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Question 3 (7 marks)

Consider the function I x Nx� �  �� �, where k is a non-zero constant.

(a) Using first principles, show that c� �  I x Nx� .

(3 marks)

F a im Ethelh so principles Formula

am

t

Iim
n t2khxtkh tf a show binomial expansion

and collecting like terms
clearly

Iim
no

t 2kÉt show the cancelling of
h's clearly as it is
a key step
use correct limit
notation limo
up until you let h o
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Figure 2 shows the graph of y I x � � for a certain value of k. The tangent to the graph at x  � is also 
shown. This tangent has a y-intercept at A.

2

A

x

y

f x

Figure 2

(b) Show that the tangent to the graph of y I x � � at x  � has the equation y Nx N � �� � �.

(3 marks)

(c) If the y-coordinate of A is –11, determine the value of k.

(1 mark)

F 2 4kt
FG Fla values

F 2 4K clear straightaway

4 4 KK C 4 Kx y 4K z AKA either method
fine others
possible

4 I
y ne

i

c 4kt I y y 4K e txt As it is a show qu

or two need to be
y 4K x 2 4kt I

4Kx 8kt 4K I A
KKK 4K I

y intercept implies i watch your
negative signs

4K I 11

4K 12 I

K 3



 

Question 4 part (a)  – Solution #1 – using the Statistics app of a Casio fx-CG50 AU  





Question 4 part (a)  – Solution #2 – using the Distribution app of a Casio fx-CG50 AU  
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You may write on this page if you need more space to finish your answers to any of the questions in 
this question booklet. Make sure to label each answer carefully (e.g. 4(a)(i)(3) continued).
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Question 5 (12 marks)

(a) Consider the function I x
x

x� �  
�

�
�
�

� , where x z�. A graph of y I x � � is shown in Figure 3, 

with its two stationary points shown at A and B.

A 1

B

y

x

Figure 3

(i) Show that c� �  �

�� �
I x x x

x
� �

�

�

� .

(3 marks)

(ii) Hence, use an algebraic approach to show that I x� � has exactly two stationary points,  
at x  � and x  �.

(2 marks)

I better to use chain Rule
f x 2 x 1 2K than to convert to 2 33515and use QR
I F a 2 2 1 2 2

2 Show themaking of a
common denominator

Feta
3 Watch your binomial

Ity 4x expansion

F'Gc o

g

i make your algebraic approach
clear i e Facterising or the222 420 0 Quadratic Formula

2 2 2 0

x 0 or 2 2
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(iii) Prove or disprove your conjecture.

(4 marks)

Question 6 begins on page 14.

Set g su o leads tog a Ifm 2 0
a quadratic equation

when 2 2 x m 2 0 solving via method I
is elegant but don't

i x m I miss the I A

x m Il A expanding and using
the quadratic formula

so mil is less elegant but
can be effective

or

g a Ifm 2 0 would have made the
quadratic formula work
easier t

when 2 2 x m 2 0

n.gg yyg
2 2 Kmx 2m22 0 t

intf ma

tm

MII
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Question 6 (8 marks)

Consider the graph of the function y I x � � shown in Figure 4 where I x� � is defined for all real 
values of x. This function has exactly:

• two stationary points, located at % E I E� � �� � and ' G I G� � �� �
• two inflection points, located at A a f a� � �� � and & F I F� � �� � 
• two x-intercepts, located at % E I E� � �� � and ( H I H� � �� �.

As x increases for x G! , the slope of I x� � approaches k, where N � �. Additionally, cc� �  I x �  
only at x D  and x F .

y

xB
A

C

D

E

a b c d e

f x

Figure 4

(a) Complete the sign diagram below for c� �I x .

x
� �f xc

(2 marks)

(b) (i) Which one statement is true? Tick the appropriate box to indicate your answer.

c� � � c� �I I D�  

c� �  c� �I I D�   

c� � ! c� �I I D�  (1 mark)

(ii) Which one statement is true? Tick the appropriate box to indicate your answer.

I G� � � � and cc� � �I G � 

I G� � � � and cc� � !I G � 

I G� � ! � and cc� � �I G � 

I G� � ! � and cc� � !I G �  (1 mark)

important for
part d

Do not include
non critical values
i e a ge on your

t
p signdiagram

b d

As slope at A is

steeper but negative

y

as D is above the
x axis and in a

concave convex down

region of the curve
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(c) State the interval(s) of x for which cc� � tf x 0.

(1 mark)

(d) On Figure 5, sketch a possible graph of y I x c� �. Note that k has been added to the y-axis.

y

x
a

k

b c d e

Figure 5
(3 marks)

as x s c o use inclusive inequalities because
the question does

roots of F x aligned

min may of F'la aligned
with in fl pts of Flac

t.iisii.is

informationftp.ighirn
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Question booklet 2
• Questions 7 to 10 (48 marks)
• Answer all questions
• Write your answers in this question booklet
• You may write on pages 9 and 12 if you need more space
• Allow approximately 65 minutes
• Approved calculators may be used — complete the box below



 

Question 7 – Solution #1 – using the Statistics  app of a Casio fx-CG50 AU  



 

Question 7 – Solution #1 – using the Statistics  app of a Casio fx-CG50 AU – CTD  
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(e) Does the confidence interval calculated in part (d) suggest with 95% confidence that the new 
feeding plan has increased the mean daily milk production per cow? Justify your answer.

(2 marks)

(f) The farmer would like the 90 cows’ mean total daily milk production to be more than 2000 litres.

(i) Determine the mean daily milk production per cow if 90 cows had a total daily milk production 
of 2000 litres.

(1 mark)

(ii) Hence or otherwise, does the confidence interval calculated in part (d) suggest with 
95% confidence that the new feeding plan will result in the 90 cows’ mean total daily milk 
production being more than 2000 litres? Justify your answer.

(2 marks)

Yes as the 95 confidence interval does CI suggest increase

give reason the spatial

g g g me

for the new mean lies wholly
numerical relationship
between the CI and the
old mean

turn a total of 2000
4 into an average of 22.2

22.2

No as the confidence interval contains values no does not suggest
a total more than2000

less than 22.2 corresponding to less than

w ng wig pwn

d

give reason the CI

contains value below
the target of zooot





 

To perform this ‘inverse’ calculation, switch the 

tail as required (use any x-value) then enter the 

probability in the subsequent screen 

Question 7 – Solution #2 – using the Distribution app of a Casio fx-CG50 AU  



 

Question 7 – Solution #2 – using the Distribution app of a Casio fx-CG50 AU – CTD  
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(e) Does the confidence interval calculated in part (d) suggest with 95% confidence that the new 
feeding plan has increased the mean daily milk production per cow? Justify your answer.

(2 marks)

(f) The farmer would like the 90 cows’ mean total daily milk production to be more than 2000 litres.

(i) Determine the mean daily milk production per cow if 90 cows had a total daily milk production 
of 2000 litres.

(1 mark)

(ii) Hence or otherwise, does the confidence interval calculated in part (d) suggest with 
95% confidence that the new feeding plan will result in the 90 cows’ mean total daily milk 
production being more than 2000 litres? Justify your answer.

(2 marks)

Yes as the 95 confidence interval does CI suggest increase

give reason the spatial

g g g me

for the new mean lies wholly
numerical relationship
between the CI and the
old mean

turn a total of 2000
4 into an average of 22.2

22.2

No as the confidence interval contains values no does not suggest
a total more than2000

less than 22.2 corresponding to less than

w ng wig pwn

d

give reason the CI

contains value below
the target of zooot
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Question 8 (10 marks)

A self-balancing robot uses a device called a PID controller to stop itself 
from falling over after being placed on its wheels and released. Let / W� �
represent the angle of lean of the robot, at t seconds after release, where 
/ W� � is measured in radians. Side-on diagrams of this robot in Figure 6
show various angles of lean, where: 

• negative values of / W� � mean the robot has an angle of lean to the left
• / W� �   0 means th
• positive values of / W� � mean the robot has an angle of lean to the right.

< 0L t   0L t ! 0L t

Figure 6

The PID controller’s settings can be adjusted to change how long it takes the robot to reach an 
approximately stable vertical position after initially being placed on its wheels and released.

Engineers conducted an experiment using different settings on the PID controller, starting with Setting A. 

(a) Using Setting A, the robot was initially placed on its wheels and released. The resulting angle of
lean was recorded for 6 seconds.

Using this setting, the angle of lean of the robot, / W� �, at t seconds after release, can be modelled
by the function

/ W H WW� �  � ��� �� �� ��� FRV� , where � �d dW .

A graph of y / W � � for Setting A is shown in Figure 7.
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Figure 7
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This image cannot be 
reproduced here for 
copyright reasons.
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You may write on this page if you need more space to finish your answers to any of the questions in 
this question booklet. Make sure to label each answer carefully (e.g. 8(b)(ii) continued).



 

The factorial symbol (!) is entered by  

pressing OPTN F6 F3 F1 

Pressing EXE again duplicates the entry above  

which can then be edited as required. 
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(c) (i) Show that cc� �  �� ��M t e e eet t t2 22 2 2 .

(2 marks)

(ii) The standard deviation, V , of the probability mass function given above can be found using 
the formula 

V P cc� � �0 � �.

Show that V  �.

(2 marks)

(d) Hence, determine the probability that X is within one standard deviation of the mean.

(2 marks)

M E ele 2xzetxzet tell x zet product and chain
rules neededGet te't Zet with cave

zezet zero et

M o 2e2e Ze te o

or to in M t
2 1 2 1

i as

the substitution

6 A Formula

both of the above can
be done simulateously

I

2 E exo z
3 41 Calcuting no and

realising that this
means x 1,2 3 due
to its integer nature

the prob calculation
0.2707 0.2707 t o 1804 can be done by

summing valves from
0.7218 the previous table
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You may write on this page if you need more space to finish your answers to any of the questions in 
this question booklet. Make sure to label each answer carefully (e.g. 10(d) continued).



 

For part (a)(ii), draw the graph to ensure that the function is entered 

correctly. Trace to x=3,5,7 to obtain the function values required. 

 

 These values can be called up in Run-Matrix as shown above, 

pressing VARS F4 F1 to enter Y. 
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(b) Consider the function y x x OQ , where x ! �.

(i) Find 
d
d
y
x

.

(1 mark)

(ii) Using your result from part (b)(i), show that 

OQ OQ� � �� �x x x x F� �  � � �� � �´

¶
µ d ,

where c is a real constant and x ! �.

(4 marks)

In

a way to obtain
day Ix tux text an unfamiliar integral as

needed for part b u

from b i flu cti da Klux to Being clear about
how part i relates

i flux de Klux fi date to integrals is
good practice

flu 2nd de

Sinatra a

to a

split up the integral
using integral rules

flu2 da t flux die
An2 k t 2 clue a to ugg

and log laws

show the sub in
of the partly
result

x In 2x x2 2 C www.i piiri.tn
required to get the
desired result i e

factoring out the x
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Consider the functions I x x� �  �� �� �OQ � � �  for x ! �� and J x x� �  � �OQ � �  for x ! �.

The graphs of y I x � � and y J x � � are shown in Figure 10.

–1 1 2 3 4 5 6 7 8

y

x

g x

f x

Figure 10

(c) Describe the relationship between the graphs of y I x � � and y J x � �.

(1 mark)

(d) The exact value of A (i.e. the area bounded by the graph of y I x � �, the x-axis, and the  
vertical lines at x  � and x  �) can be calculated using a definite integral.

Use part (b)(ii) and your answer to part (c) to determine the exact value of A. Express your 
answer in the form S TOQ � � , where p and q are integers.

(4 marks)

guy is equivalent to f th

magnitude
to the right or few is ga translated direction

I unit left negative direction

from e ffa dx getdie

to Switch From Fly
to the easier go

x in 2nd 2 from b i a Sub into the b n

now

result

8 In 2 64 2 21h 2 4 2

I
index values to

8 In 27 21m23 16 4 simplify to the
56 1h2 61h2 12 form required




