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Formula Sheet(retained from Section One)
 

Numberof additional

answer booklets used

(if applicable):
 

To be provided by the candidate
Standarditems: pens (blue/black preferred), pencils (including coloured), sharpener,

correction fluid/tape, eraser, ruler, highlighters

Special items: drawing instruments, templates, notes on two unfolded sheets of A4

paper, and upto three calculators approved for usein this

examination
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MATHEMATICS METHODS 2 CALCULATOR-ASSUMED

Structure of this paper

Numberof Numberof Suggested Marks Percentage

Section questions questions to working time available _ of
available be answered (minutes) examination

Section One:
Calculator free 8 8 50 52 35

Section Two:
Calculator-assumed 13 13 100 96 65

Total 100   
Instructions to candidates

1. The rules for the conduct of the ATAR course examinations are detailed in the Year 12

Information Handbook 2021. Sitting this examination implies that you agree to abide by

theserules.

Write your answersin this Question/Answerbooklet.

You must be careful to confine your answersto the specific questions asked and to

follow anyinstructions that are specific to a particular question.

Supplementary pagesfor the use planning/continuing your answerto a question have

been provided at the end of the Question/Answerbooklet. If you use these pagesto

continue an answer,indicate at the original answer where the answeris continued, i.e.

give the page number.

Showall your working clearly. Your working should bein sufficient detail to allow your

answersto be checkedreadily and for marks to be awarded for reasoning. Incorrect

answersgiven without supporting reasoning cannotbe allocated any marks. For any

question or part question worth more than two marks,valid working or justification is

required to receivefull marks. If you repeat any question, ensure that you cancel the

answeryou do not wish to have marked.

It is recommendedthat you do not use pencil, except in diagrams.

The Formula sheet is not to be handed in with your Question/Answerbooklet.

See next page  
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CALCULATOR-ASSUMED 3 MATHEMATICS METHODS

Section Two: Calculator-assumed 65% (96 Marks)

This section hasthirteen (13) questions. Answerall questions. Write your answersin the
spaces provided.

Supplementary pagesfor the use of planning/continuing your answer to a question have
beenprovided at the end of this Question/Answerbooklet. If you use these pagesto continue

an answer,indicate at the original answer where the answeris continued, i.e. give the page

number.

Working time: 100 minutes.

 

Question 9 (7 marks)

A hot potato was removed from an oven and placed on a cooling rack. Its temperature T, in

degrees Celsius, t minutes after being removed from the oven was modelled by

T =16+188e".

The temperature of the potato halved between t = 0 and t = 6.8.

(a) Determinethe value of the constantk. (3 marks)
 

Solution

Ty = 16+ 188 = 204

102 = 16 + 188e%** >k =—0.115—
Specific behaviours

_¥ indicatesinitial temperature

v equation for temperature halving

 

 

 

   
 

 

-Y solvesfor k

(b) The temperature of the potato eventually reached a steady state. Determine the time

taken forits temperatureto first fall to within 4 °C of this steady state. (2 marks)

Solution

To. = 16

20 = 16 + 188e~-9145t >¢ = 33.5 minutes
Specific behaviours if

¥ indicates steadystatetemperature

¥ correcttime,to at least 1 dp

 

 

   
(c) Determine the time at which the potato was cooling at a rate of 4 °C per minute.

(2 marks)
 

Solution

oT =21.620-015¢dt

 

 

Specific behaviours

Y indicates derivative
Y correct time, to at least 1 dp

 

   

See next page

= 21.62e-91* — —4 = =14.7 minutes ce U/led



MATHEMATICS METHODS 4 CALCULATOR-ASSUMED

Question 10 (8 marks)

Let f(x) = 3x*+ ax? +1.

(a) Sketch the graph of y = f(x) when a = —24. (4 marks)

Solution

y See graph
| Specific behaviours

¥y-axisscale,y-intercept
40 + Y x-axis intercepts

| Y locatesturningpoints.
oiy, ot ¥continuoussmoothcurve

(0,1) |

t > x

i —2 -1 + ml 2

-20 +

(eeeeetalal | lmecee4ia)

(b)

 

 

 

 

    
   

  

       

Showthat the graph of y = f(x) will always have a maximum turning point at x = 0
ifa<0.
 

Solution
 

f' (&) = 12x34ch 2ax.
f'0) =0_

Hence curve alwaysstationarywhen=

f(x) = 36x? + 2a

©)

Ifa <0 thenf"(0)0and so the curvewill always

be concave down. Hence a maximum at x = 0.

 

Specific behaviours
 

¥shows=
_v states always stationarywhenx=0.

v showsf"(0)2a Yjustifies maximum using derivative   

See next page

(4 marks)
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CALCULATOR-ASSUMED 5

 

 

 

      
 

 

 

 

Question 11

The graph of function g, and a table of values for

function f and its derivatives are shownbelow. g(x)
4

x 1 2 3
3

f(x) 3 1 2
2

FR 1 4 2
1

f(x) 2 —1 —2
0

0
(a) Evaluate h’(k) when

(i) h(x) = f(g(x)) and k = 1.

Cc

h’(1) =f(g)xg’)
= f'(3) x (-1)
= 2)(A1) =229

(ii)

 

Specific behaviours
 

¥correct application of chain rule

-¥ correct values for g(x) and g‘(x)
correct value
 

h(x) = g(x) + f(x) and k = 2.
 

Solution
 

(2) = BIR=IP")
a

SOO)=
Ge
 

Specific behaviours
 

_¥correct application of quotient rule

-Ycorrect values for g(x) and g'‘(x)
Y correct value
¢F   

(b) Evaluate h’’(3) when h’(x) = f(x) x g'(x).
 

Solution
 

h"(3) = f"@B)g'@B)+f'B)g"GB)
= (-2)(2) + @)O)

 

 
Specific behaviours
 

Yuses productrule with at least two correct values

Ycorrect result  
 

See next page
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(8 marks)

(3 marks)

(3 marks)

(2 marks)



MATHEMATICS METHODS 6 CALCULATOR-ASSUMED

 

Question 12 (9marks)

(a) If x=log, 4andy=log, 9 then, in terms of x and y, determine: dl

 

logy 36 = log, 4 + log, 9

 

Specific behaviours

Y correct expression
    

 

 

si 2 Solution
(ii) log, (=) 2 1 (2) (2 marks)

9
logy 3 = 5108p

=3G-)
Specific behaviours

Yapplies the log laws of powers
correct expression

 

 

   

(iii) log, 144° (2 marks) 

Solution

log, 144b? = log, 47.9. b?

eS

 

 

Specific behaviours
Lv correctly factorises 144

correct expression Ycored peo Bley, & * Zs

 

  
 

 See next page
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CALCULATOR-ASSUMED 7 MATHEMATICS METHODS

Question 12 continued

(b) The loudness ZL,in decibels, of sound is given by the equation

I
L=10lo —aul t)

Where J is the intensity of sound and J)is the intensity of the sound just audible to the

humanear.

(i) Find the loudnessif the sound is 140 times as intense as J). (2 marks)

 

Solution

L= 10 logy (He )

0

L=21.46dB
Specific behaviours

Vv substitutes for /

correctly evaluates L

 

 

 

 

   

(ii) If the loudness was 28dBfind in termsof I, intensity of sound. (2 marks)

Solution

q
28 =10lo —

i=]

I
2.8 =lo —£10 ()

 

 

1028 =

1p
|6311) =1
 

Specific behaviours
Vconverts from a log to index statement

“ correctly expresses| in terms of J)

    

See next page



MATHEMATICS METHODS 8 CALCULATOR-ASSUMED

Question 13 (8 marks)

The graphof y = f(x) is shownat right with 4 equal

width inscribed rectangles. An estimate for the area

underthe curve between x = 0.5 and x = 1.5 is required.

The function f is defined as f(x) = 2x? + 7 andlet

the area sum of the 4 rectangles be S,.
 
 
 
 

S,, the area estimate using n inscribed rectangles can       be calculated using x
0.5 1.0 1.5i=n

Sn = f(%i)6x
i=1

(a) State the values of x,,x,x3,x, and 6x that should be used to determine S,. (1 mark)

Solution

ay =0.5,x 0.75,x3 =1&4 = 125,5x

 

  

 

 

Specific behaviours

oScorrectly states all values
    
 

 

(b) Calculate the value of S4. (3 marks)

Solution

Sq = 0.25((2(0.5)? + 7) + (2(0.75)? + 7) + (2(1)? + 7) + (201.25)? + 7))

= 0.25(7.58.125+9+410.125)
= 0.25(34.75)
_ 139 _=se=

 

 

Specific behaviours

¥indicates correct calculation for rectangle

Ycorrect heights of all rectangles
vcorrect value

 

   
(c) Explain, with reasons, how the value of 6x and the area estimate S,, will change as

the numberof inscribed rectangles increase. (2 marks)

Solution

6xis thewidth of each rectangle and sodecrease.
willincrease, approaching true area undercurve, as

area ‘lost' between curve and rectangles will decrease.

 

 

 

Specific behaviours

rr indicates 6x will decreaseasit's the rectangle w

indicates Sy Will increase

      
 

 

(d) Determine thelimiting value of S, as n > 0. (2 marks)

Solution
1.25 55

Se = f(x)dx =— =9
0.5 6

 

 

Specific behaviours
y correct integral

Ycorrectlimiting value

 

   
See next page  
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CALCULATOR-ASSUMED 9 MATHEMATICS METHODS

Question 14 (6 marks)

The area A of a regular polygon with n sides of length x is given by

nx cos(=, zee)
4sin (=)

(a) Determine the exactarea of a regular hexagon with side length 3 cm.

Solution (1 mark)

6 X 3% cos (Z)

4 sin (Z)

Specific behaviours

v correctarea (exact)

 

 

A(x) =
/

f « or (ee ja

 

 

    
(b) Simplify the above formula when n = 12 to obtain a function for the area of a regular

dodecagon. (2 marks)

 

Solution 

fe) EEa)cos zB) =3x?(V3+2), aefv3e1) ;

sin(7) 3 - | uf date

Specific behaviours (oly
Y correctly substitutes :

¥ simplified function
as

 

 

    
(c) Use the increments formula to estimate the changein area of a regular dodecagon

 

 

whenits side length increases from 10 cm to 10.3 cm. (3 marks)

Solution
dA

Lx (Sri) Gy = lax(V3+2), x=10, dx=03

ot oA alaV3 -\. Se x

= 12(10)(V3+ 2)(0.3)_ ake
~ 18(V3 + 2) ~67.2cm* “/

 

Specific behaviours

¥ derivative of A with respect to x

Y correct use of increments formula

vy calculates change

 

   
See next page



MATHEMATICS METHODS 10

Question 15

CALCULATOR-ASSUMED

(8 marks)

Hick's law, shown below, models the average time, T seconds,for a person to make a

(a)

(b)

T =a+blogz(n +1), where a and D are positive constants.

Draw the graph of T vs n on the axes below when a = 4 and b = 8. (3 marks)

T

 

   

 

25

 

Solution 
See graph 
Specific behaviours
 

 
adds scale to y-axis
Yendpoints
Y log-shaped curve   

+ n

50

Whena pizzeria had 10 choicesof pizza, the average time for patrons to make a

choice was 40 seconds.After doubling the numberof choices, the average time to
maketheir choice increased by 25%.

Modelling the relationship with Hick's law, predict the average time to make a choice
if patrons were offered a choice of 35 pizzas.

 

Solution
 

401.25=a+blogs(2x10+41)_.

OkFobSOs749

‘T 2.917+ 10.719 log,(35 +1)
T 58.3458seconds

 

Specific behaviours
 

 
Y writes first equation
¥ writes second equation

Y solvesfor variables
Y substitutes correctly
¥states time, rounded to nearest second   

See next page

(5 marks)
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CALCULATOR-ASSUMED 11 MATHEMATICS METHODS

Question 16 (8 marks)

The volume,V litres, of fuel in a tank is reduced between t = 0 and t = 48 minutes so that

av

dt

(a) Determine, to the nearestlitre, the amount of fuel emptied from the tank

= —175z7sin 3)

 

Solution
1

av = | V'dt
0

 
(i) in the first minute. (3 marks)

= —17.985

Hence18 litres were emptied.

 

Specific behaviours

¥writesintegralfor change

Yevaluates integral
vanswerspositivenumberof litres

(ii) in the last 7 minutes. Solution (1 mark)

 

 

 

 
48

AV = I V' dt = —866.3
41

  Hence 866 litres were emptied.

Specific behaviours

-Y¥ correctnumberoflitres

 

    
The tank initially held 18 600 litres of fuel.

(b) Determine the volumeoffuel in the tank 5 minutes after the volumein the tank

 

 

reached 12 000 litres. (4 marks)

Solution Alternative Solution
T mt

| V' dt = —6 600 V(t) = | V' dt = 8400 cos (=) +¢
0

T = 20.70
V(0) = 18 600 > c = 10 200

25.7

AV = i V' dt V(T) = 12000 > T = 20.70
20.7

= —2 733
V(25.7)

 

 V (25.7) = 12 000 — 2 733 =
=O9S7. Specific behaviours 

¥ antiderivative for V(t)
Y determines c

y¥ determines T

correct volume

 

Specific behaviours

¥ equation for AV = —6 600
    Y determines T

¥ determines AV

¥Y correct volume   
See next page



MATHEMATICS METHODS 12 CALCULATOR-ASSUMED

Question 17 (7 marks)

Regions A, B,C and D boundedby the curve y = f(x) and the x-axis are shown onthis

graph:

y

B
D

; | | | | | x
1 2 3 5 6 7 8  

The areas of A,B,C and D are 5, 31,27 and 23 square units respectively.

(a) Determine the value of

 

Solution3

(i) I f(x) dx. T=-5+31 =26— (1 mark)
 

 

Specific behaviours

Y correctvalue
   
 

 

8

(i) l Af(x) dx. Solution (2 marks)
I = 4(—27 + 23) = 4(-4) = 16

 

Specific behaviours
Yshows sum of signed areas
¥ useslinearity to obtain correct value

    
 

 

8

(i I (5 - f(x)) dx. Soon (2 marks)
t I = [5(7)] — [31 — 27 + 23]

1=35-27=

 

Specific behaviours

Yuses linearity to obtain two integrals

correct value

 

   
5

(b) Explain why [ f'(x) dx = 0. (2 marks)
1
 

Solution

Usingfundamentaltheorem, result is f(5) — f(1).
Since f(1)==0,then the difference is0.

 

 

Specific behaviours

uses fundamental theorem to obtain result

¥explains value of 0 using the two roots

 

   
See next page  

D
O
N
O
T
W
R
I
T
E

IN
T
H
I
S
A
R
E
A
A
S

IT
W
I
L
L
B
E
C
U
T
O
F
F



d
d
V
0
L
I
V
a
d

T
I
M

L
I
S
V
V
A
d
V
S
I
H
L

N
I
A
L
I
A
/
V
\
L
O
N
O
U

 

CALCULATOR-ASSUMED 13 MATHEMATICS METHODS

Question 18 (7 marks)

The table below showsthe sign of the polynomial f(x) and someofits derivatives at various

values of x. There are no other zeroesof f(x), f’(x) or f’"(x) apart from those shownin the
table.

 

 

 

           
 

 

x —2 —1 3 4

f(x) - 0 + + + 0 -

f'(x) + + 0 _ = 0 —

f"(@) - - = 0 + 0 :

(a) For what value(s) of x is the graph of the function concave down? (1 mark)

Solution

 

Specific behaviours

¥correct inequalities and domain
    

(b) At what location does the graph of f have a turning point? Explain your answer.

 

 

 

 

   
 

 

 

 

   
   

(2 marks)

Solution

At 0.
The gradientiszero andfisconcavedownoneitherside.

Specific behaviours

_Y location
explanation

(c) Sketch a possible graph of y = f(x) on the axes below. (4 marks)

Solution

Jy See graph

Specific behaviours

Le correct location ofroots

correct location ofstationarypoints

¥ pointofinflection at=

Yconcavedowneverywhere except 1 <x <3

} f x
-3 -2 1 2 5

 
See next page
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Question 19 (8 marks)

An offshore wind turbine W lies 12 km awayfrom the nearest

point P on a straight coast. It must be connected to a power P Q s

storagefacility S that lies on the coast 24 km awayfrom P. Fa

Engineerswill lay the cable in two straight sections, Ww a

from W to Q, where Q is a point on the coast x km from P,

and then from Q to S.

The costofinstalling cable along the coastline is $1000 per km and offshore is $2600 per km.

  
the cost of installing the cable when Q

(2 marks)   

(a) Determine,to the r earest hundreddollars,

lies midway from A to P. ———— 0

Solution

C = 1000 x 12 + 2600 x 122 + 122

DO

 

   

 

5 Specific behaviours

-¥ correct expression

calculates cost

 

   
(b) Show that C, the cost in hundredsofdollars, to run the cable from W to Q to S, is

given by

C = 26Vx2 +144 — 10x + 240. (2 marks)

Solution

Cwo = 26 X QW =J/x?
Cos = 10(24 — x) = 240 — 10x

 

 

Hence

C = Cwa + Cos = 26)x? + 144 1

 

 

; Specific behaviours

¥expression for cable from to

Yexpressionfor cable from Q to Sshows

(c) Use calculus techniques to determine, with justification, the minimum costof laying

    
 

 

the cable from W to S. (4 marks)

Solution |

OC) = S23 anitaa - ) alle XS \9 | yet Hl
ara . _—_ i

CG) = 0

=

gage poet

C(5) = 528

C"(5)=1.7> minimum,as +veconcavity

Hence minimum costis $52 800  
 

Specific behaviours

Ycorrectderivative
Y solves for optimum value of x

_Y justifies minimum
y¥states minimum cost

    
See next page  
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CALCULATOR-ASSUMED 15

Question 20

MATHEMATICS METHODS

(8 marks)

Small body A movesin a straightline with acceleration a cm/s? at time t s given by

a=pt+q

Initially, A has a displacementof 4 cm relative to a fixed point O and is moving with a velocity

of 9 cm/s. Two secondslater, A has a displacement of 8.8 cm and a velocity of —3.6 cm/s.

(a) Determine the value of the constant p and the value of the constant q. (6 marks)
 

Solution 
Velocity:

v= [ve +qdt

ot)ar

v(0) =9>c

Displacement:

  

Solve:

   
  

pt?
s(t) -|F+ qt +9dt

at 3 at2 aeae

 

Specific behaviours 

v integral for displacement

¥displacement, constant evaluated

expressionsfor v(2) and s(2)

value of p

v value of q ¥ antiderivative for velocity, constant evaluated   
(b) Determine the minimum velocity of A. (2 marks)
 

Solution 
g ¥=0309-72=0>tS8—

v(8) ==19.8cm/s
 

Specific behaviours 

correct minimum velocity |vindicates time for minimum   

See next page
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Question 21 (5 marks)

(a) Determine the value of the constant a and the value of the constant b that make

eachofthe following statements true, given that f(x) is a polynomial:

 

z b 2
(i) | f(x) dx + I f@)dx= | f(x) dx. (1 mark)

a 1 <3 Solution
ns

d= —3,

 

  
 

Specific behaviours

yY correct values
    

2 2 0 b
(ii) I f(x) ax — | f(x) ax+ |Fe) dx =| f(x) dx. (2 marks)

 

Solution

izes

Specific behaviours

 

 

 

   

 

 

-Y value ofa
¥value ofb

d 3
(b) Determine al fo ix (2 marks)

dx h(e)

Solution
df r3 d g(x)

= —f(9@)).9'@)

 

Specific behaviours

v reversesboundaries by introducing negative one

Y correctly uses fundamentaltheorem
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See next page
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