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QUESTION1 A
10g5(xz)—Blogs(x)=10g5(x2 10g5(x3)

ol
(

X
zlogs l
X
X

N—

=—logs

QUESTION2 B
y=9x -3x 3
y'=9-9x*
y"=-18x
y"'=-18x=0
x=0
Therefore, x = 0 is a point of inflection.

QUESTION3 D

Using a graphics calculator: Statistics, DIST, BINOMIAL, Bcd.

] Radfornd) [dic)atbi]

Binomial C.D

Data :Variable
Lower 2
Upper :5

Numtrial : 5

P :0.83338333
Save Res:None J
(None |INSID

P(X >2)~0.54
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QUESTION4 C
Using a graphics calculator: Graph, Trace, x = 0.001.

B [EXE]:Show coordinates
Y1=(b7¥x)—-1)ax

Enter X-Value

X:0.001]

h:4
10 QL 30

58280682 ¥Y=229606944.3

0
X=13.

B [EXE]:Show coordinates
Y1=(b7¥x)—-1)ax

2e21f

1e21t
X
—cﬁhmmm—uwam : %0
X=1-33 ¥=1.610733753

QUESTIONS D
x(t)= Iv (t)dt

=.[2t3—3tdt
L 32,
2

Since x(0) = 1:

1=d0t 23402 4c
2 2

c=1

4 31‘2

Therefore, x(t)=———+1.
2 2

QUESTIONG6 C
Let the known sides be a and b.

Let A be the angle opposite to side a, and B be the angle opposite to side b.

sinA _ sinB
a b
sinA _ sin20
5 2
sinA =0.8551
A =58.8°

However, the ambiguity of the sine rule applies here as the unknown angle is opposite to side a, which
is longer than side b (the side opposite the known angle of 20°). Thus, A ~180—-58.8=121.2° is another
possible solution.

Copyright © 2023 Neap Education Pty Ltd QCE_MM34_P2_SS_2023 3
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QUESTION7 A

Using a graphics calculator: Derivative mode: On.

Draw Type :Connect
Ineq Type :Union
Graph Funec :0n

Dual Screen :0ff
Simul Graph :0ff
Derivative :0n \)

E|
Input/Output:Mat

Using a graphics calculator: Graph, Trace.

B [EXE]:Show coordinates

QUESTIONS B
=051

The distribution of p should be approximately normally distributed with a mean of p and standard

1 _
deviation, o, of M

n
p=0.55

szpﬂ—m
n
_ [0.551-0.55)
- 100

~0.05

Using a graphics calculator: Statistics, DIST, NORM, Ncd.

B Radforml) [d7c)a+hi)

Normal C.D

Data :Variable
Lower :0.9]

Upper & |

c 20,05

7 1) . B

Save Res:None N
P(p>0.51)~0.79

Option B is the closest to this value.

QCE_MM34_P2_SS_2023
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QUESTIONY9 B
c b c

J. f(x)dx =J‘ f(x)dx +-[ f(x)dx
a a b

b
4:Ifuyu—5

J-if(x)dx =9

QUESTION 10 C
Firstly, the z-score needs to be determined.

Using a graphics calculator: Statistics, DIST, NORM, InvN.
B RadMormd [d7c]fa*bi
Inverse Normal
Data :Variable
Tail :Central
Area :0.86
o 21
v} :0
Save Res:None N
LIST
z~1.48
p=0.175
p(1-p)

n

_10.175(1-0.175)
80

=0.0425
The confidence interval is:

[ﬁ-—z,/eﬁl:]zl,ﬁ-+Z«/££l:lzzJ::61175—410628,0.175+%l0620)
n n

=(0.11,0.24)

G[;~
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SECTION 2

QUESTION 11 (4 marks)
a) J- l.\‘(/.\‘ =1

a
j xdx =8
0

Using a graphics calculator: Equation, Solver.

B HatRadforn] (dic)latb]

A
eqf{éXxdx=1

x=0.66963

Lower=-9x19°
Upper=9x1°°

RECALLJDELETE

_____A=0 |

SOLVE

a=4

x (fx)dx

—0aC

41,
:J. —x “dx
08

b) ax>:j

Using a graphics calculator: Run-Matrix, MATH, J‘(/.\‘.

@4ﬂmﬂﬂmm!ﬂﬂﬂm
I01+SXx2dx
8
3
U
[ fdx | Z( (> ]
8
E(O)=7

[1 mark]
1 mark for determining the value of a.

[1 mark]
1 mark for determining the expected value.

Note: Consequential on answer to Question 11a).

QCE_MM34_P2_SS_2023
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c) o =+Var(X)

Var(X )= _[ T (r—EXOxf(x0))dx

R

Using a graphics calculator: Run-Matrix, MATH, jzlx.
E HethRadMorn] (dic)arb]

4
fo(x—8+3)2x1+8xxdx

[

&

Var(X )= g

o=+Var(X)

[2 marks]
1 mark for using an appropriate method. Note: This includes taking the square root of the variance.
1 mark for determining the standard deviation. Note: Accept values in the range 0.94 £ 0.01.

QUESTION 12 (5 marks)

=2.52

The solution is acidic.

[2 marks]
1 mark for determining the pH. Note: Accept values in the range 2.52 + 0.05.
1 mark for identifying that the solution is acidic.

b)

e
)
I
)
o
+
n

Il
Nt
L
\®)

7.52=—-log;o H"

HY =1 077.52

~3.02x10°8 mol !

[1 mark]
1 mark for determining the concentration of hydrogen ions.
Note: Consequential on answer to Question 12a).

Copyright © 2023 Neap Education Pty Ltd QCE_MM34_P2_SS_2023 7
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pH-3.5=-log, kH*
pH-3.5=-log;o k —log;g H*

k =10
~3162.3

[2 marks]
1 mark for setting up an appropriate equation to solve for k.
1 mark for determining the value of k.

QUESTION 13 (6 marks)

t

2  al)=v()=—2¢"+1

[1 mark]
1 mark for determining the acceleration function.

b) dit)= J.v (t)dt

= Ie‘zt +tdt
e—2t t2
=——+—+c
2 2
d0)=0
-2x0 2
- +—+c=0
2
——+c=0
1
c=—
2
Therefore:
=2t 2
dn=-—+ 4 1
2 2 2
[2 marks]
1 mark for integrating v(t).
1 mark for determining the displacement function.
2

c) The equation v(t) = e '+ #=0 has no solution because ¢ > 0 implies that both terms are positive.

Therefore, there is no time at which the velocity is 0 ym s Thus, there are no times when the
particle is at rest.
[2 marks]

1 mark for determining that the particle is never at rest.
1 mark for providing adequate justification.

8 QCE_MM34_P2_SS_2023 Copyright © 2023 Neap Education Pty Ltd
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d) The minimum is reached when a(?) = —Ze_ZI +1=0.
Thus:
272 +1=0
e M =]

[1 mark]
1 mark for determining the value of t at the minimum.

QUESTION 14 (7 marks)

a) Using a graphics calculator: Graph, G-Solv, MAX.

B [EXE]:Show coordinates
Y1pg3x(e*(-0.5x))

20 30

MAX
¥=2.207276647

The maximum instantaneous rate of change is 2.2 and occurs when ¢ = 2 hours.

[1 mark]
1 mark for determining the maximum instantaneous rate of change
and the time when it occurs.

b) Using a graphics calculator: Graph, G-Solv, X-CAL.

t;1=0.7

t,~4.3

duration =¢, —t,
=4.3-0.7
=3.6 hours

[2 marks]
I mark for determining at least one endpoint.
1 mark for estimating the duration of time.

Copyright © 2023 Neap Education Pty Ltd QCE_MM34_P2_SS_2023 9
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d)

e)

10 05
total change = J. 3te "' dr
0

Using a graphics calculator: Graph, G-Solv, | dx.

E HethRadform]  [@thl
v

S

20 30

LOWER=0 UPPER=10
rdk=11.5148678

total mass = 11.5 nanograms

[2 marks]
1 mark for setting up an appropriate definite integral.
1 mark for determining the total mass.
total change
average rate of change=—————
duration
1o
- e OStdt
10Jo

=1.15 nanograms per hour

[1 mark]
1 mark for determining the average rate of change.

For example, any one of:

. The model may overestimate the total body exposure; this is because the function never
reaches 0 due to the asymptote. (To estimate the total body exposure, an upper limit for the
integral would need to be chosen arbitrarily and used to calculate the area under the curve.)

. The model is only accurate for estimation purposes. It simplifies and smooths out the rate
of change. It has only one maximum, while in reality the graph should have more peaks
and troughs.
[1 mark]
1 mark for making an appropriate and plausible comment regarding
the accuracy of the model based on graphical evidence.
Note: Accept other appropriate responses.

10
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QUESTION 15 (3 marks)
Determining the value of y gives:
26.5-10

C(265)=— 5 +y=0

26.5-10
5

y=e
=27.113
Determining the value of « gives:

B’(t)zi—2at
1+2
Since t =26.5 —10 = 16.5 maximises the population of octopuses:
B’(l6.5):L—2a x16.5=0
16.5+2

o =0.001
Using a graphics calculator to graph the functions of C(f) and B(f): Graph, G-Solv, INTSECT.

B [EXE]:Show coordinates
Yig-(e®((x—10)45))+27.113
Y2=61n ((x+2)14)-0.00983x2+21

N | R e
0

10 20 30

INTSECT
9.039307458 ¥Y=26.28780744

X

The functions intersect at 9.1 weeks. Therefore, the two populations will be the same size at 9.1 weeks.

[3 marks]

1 mark for determining the value of .

1 mark for determining the value of a. Note: Accept values between
0.001 and 0.0097.

1 mark for determining when the populations will be the same size.
Note: Accept values in the range 9.1 #0.1.

Copyright © 2023 Neap Education Pty Ltd QCE_MM34_P2_SS_2023 11
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QUESTION 16 (3 marks)
n=150

.46

P= ]T()

Let E be the margin of error:

46

150
150
46x104

150°
—0.0377z

0.03 <E<0.05
Thus, 0.03 < 0.0377z < 0.05.
5. 0.7968 <z < 1.3280

=z

Using a graphics calculator to determine the probabilities: DIST, NORM, Ncd.

£ Radfornl) [dic)atbi]

Normal C.D
Upper :0.7968
(o] 21

30
(None |INSID

Data :Variable
Lower :-0.7968

L s
Save Res:None v

8 RadMornl] [d7c)atbi]

Normal C.D

Lower :-1.328
Upper f%.328

(None |l

Data :Variable

c
V) : 0
Save Res:None J

P(-0.7968 <z <0.7968) ~ 0.57
P(-1.3280<z7<1.3280)~0.82

Therefore, the confidence levels that can be achieved are between 57% and 82%

[3 marks]

1 mark for using an appropriate method to solve for the z-values

(for example, substituting the margin of error formula).

1 mark for determining the two z-values. Note: Accept values in the ranges
0.7968 £0.01 and 1.3280 £0.01.

1 mark for determining the range of confidence level. Note: Accept values
in the ranges 57 £ 1% and 82 + 1%.

12
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QUESTION 17 (5 marks)
Let A, B and C be the vertices of the shade cloth, and the angle at C of the triangle on the ground be 6.

A < B
2m 2m
b a
6 m 0 4.5 m
C

Determining the size of the angle 6 gives:

1 .
area = —bcsinA

13.5 :%x6><4.58in9

sinf =1
0 =90°
This means that the base triangle is a right-angled triangle.
A < B
2m 2m
6 m / 4.5 m
C

(continues on next page)
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(continued)

Determining the lengths of a, b and ¢ gives:
a* =45 +2°

V2425
2% +6°
J40
2 =45+
c=+/56.25

Determining the angle at C gives:

c? =a® +b* —2abcos(C)

W

oo
Il

D

b

+ &

b

SN
Il
=)

2

o))

5

c?—a* —b?
cos(C) =
—2ab
cos(C) = 56.25-24.25-40
—2x24.25 x40
C =82.62°

QUESTION 18 (4 marks)

[5 marks]

1 mark for drawing at least one accurate diagram.
1 mark for determining that the base triangle is a right-angled triangle.
1 mark for determining the side lengths of the shade cloth.

1 mark for determining the value of C.

1 mark for showing clear and logical organisation of working.

Let E represent the random variable for English.

Let H represent the random variable for History.

P(E>45)=0.89
P(E<70)=0.8

P(H > 65)=0.5

P45 <H<85)=0.82

Note: Accept follow-through errors.

Using a graphics calculator to determine the z-scores: Statistics, DIST, NORM, InvN.

] Radfornd) [dic)atbi]

Inverse Normal

Data :Variable
Tail :Right
Area :0.89

o 4 |

v : 0
Save Res:None N
(None |INSID

(continues on next page)

14
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(continued)

B RadNorml) [d7c)atbi)

Inverse Normal

Data :Variable
Tail :Left

Area :0.8

v -0

Save Res:None \)

P(E > 45) = 0.89, right tail, z =-1.23

P(E <70) = 0.8, left tail, z =0.841

P(H > 65) = 0.5, right tail, z =

Determining the mean and standard deviation for English gives the following.
- E—ug

= T

Using the two z-scores for E:

123=27HE
O

0.841=10"HE
OF

Therefore, —1.236 + up =45 and 0.8416 + u, = 70.
Using a graphics calculator: Equation, Simultaneous.
E [HethRadMorn] (dic)arh]
an]X44bn‘Y=43§

a

1[ 1 45]

2L 0.841 1 70

~1 a3
SOLVE |MaNII|CLEAR]| EDIT

B MathRadMorml [dic)atbl
an X+bn Y=Cn

[ 50, 847]
YL59.847

12.07146306
REPEAT

=12.1
Uy =159.8

(continues on next page)
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(continued)

Determining the mean and standard deviation for History gives the following.

The mean for History is 65.
45 and 85 are both 20 away from the mean.

Since the normal distribution is symmetrical about the mean, P(65 < H < 85) = 0.41. Also, P(H > 85) = 0.09.

Using a graphics calculator: Statistics, DIST, NORM, InvN.

B RadMorml) [d7c)a+hi)
Inverse Normal
Data :Variable
Tail :Right
Area :0.09
:0
Save Res:None N

right tail, z = 1.34
Therefore:

- H-—puy

T on

85-65
OH

oy =14.93

1.34=

Comparing Vanessa’s two scores using z-scores:

English:
- E—pg
OF

_80-59.8
o2l
=1.67

History:

z=1.34

Therefore, Vanessa scored comparatively better in English.

[4 marks]

1 mark for determining the mean and standard deviation for English.

1 mark for determining the mean and standard deviation for History.

1 mark for determining the z-scores for Vanessa’s English and History scores.
1 mark for determining that Vanessa scored comparatively better in English.

16
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QUESTION 19 (3 marks)

It is assumed that the probability that the production line will be shut down is <0.30. This will only occur
if at least one of the tested tins is contaminated.

Let X represent the number of tins that are contaminated.
X ~Bi(2, p), where p is unknown.
P(X 21)=1-P(X =0)

—1—[(2)]/70(1—/))2

=1-(1-p)’
Supposing that 1—(1 —p)2 <0.3:
—(1-p)* <07
(1-p)*>>0.7

1-p>+0.7
-p>~0.7-1
p<1-+40.7

<0.1633

Let P represent the random variable for the probability that a tin is contaminated for a particular production
batch. P is normally distributed with a mean of 0.25 and a standard deviation of 0.05.

Using a graphics calculator: Statistics, DIST, NORM, Ncd.

B Radforml) [d7c)ahi)

Normal C.D

Data :Variable
Lower :0

Upper :0.163

c +0.05

7 0. 258

Save Res:None \)

P(0<P<0.1633)~0.04
[3 marks]

1 mark for determining an appropriate expression in terms of p for P(X >1).
1 mark for determining the maximum possible value of p.
1 mark for determining the probability. Note: Accept values in the range 0.038—0.042.

Copyright © 2023 Neap Education Pty Ltd QCE_MM34_P2_SS_2023 17
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QUESTION 20 (5 marks)
Firstly, the graphs show the rate of the number of subscribers per week.

Let p(¢) represent the number of subscribers for the politics channel.
Let f(¢) represent the number of subscribers for the fashion channel.
Identifying the equations for p'(f) and f'(¢) gives the following.
Politics channel:

p'(t)=asin(b(t—c))+d

= SOOSin[%tj +100

Justification from the graph:
J The equilibrium is 100; therefore, d = 100.
J The amplitude is 200; therefore, a = 500.

. No phase shift has occurred since p'(f) is modelled using a sine function; therefore, ¢ = 0.
. There is a difference of 7 between the equilibrium and the maximum. Therefore, the period is 4 and
1
b=—.
2

The two channels had the same subscriber rate on days 9 and 31.
. 9 days is approximately 1.29 weeks.
. 31 days is approximately 4.43 weeks.
p'(1.29) = 400 subscribers per week
p'(4.43) = 500 subscribers per week
Fashion channel:
f(¢) intersects the points (1.29, 400) and (4.43, 500).
Thus:
£'(1.29)=200log,(1.29+b)+300 =400
f'(4.43)=200log,,(4.43+b)+300=500
2001og,,(1.29+b)+300 =400
log,(1.29+b)=0.5
1.29+b=a"
b=a"-1.29

Substituting this into the other equation gives:
20010g,, (4.43+4%° ~1.29) +300 = 500

log,, (3.14+4%3) =1
Using a graphics calculator: Equation.

[EA[E
Eq:log,(3.14+x%)=1
x=?.481195264

Lft
Rgt=1

RFDF A
DLl LAl

(continues on next page)

18 QCE_MM34_P2_S5 2023 Copyright © 2023 Neap Education Pty Ltd



QCE Mathematical Methods Units 3&4 Trial Examination Paper 2 Suggested Solutions

(continued)

a~5.48

Also, b=5.48" —1.29~1.05.

Thus, £(£) = 200logs 4o(t + 1.05) + 300.

Letting s(¢) represent the total number of subscribers gives:

s'@)=p'O)+f'@)

5()()sin{;rj+ 100+2001ogs 4 +1.05)+300
(1
= 500sm(5z]+2001og5,48 (t +1.05)+400

10
The net change in the number of subscribers :j s'(t)dt.
0

Using a graphics calculator: Graph, G-Solv, de.

B Select lower limit value

YlF‘;’SOOsin (0.bx) 90010gab(-‘Y1/

i Jdx
| 728131081 ¥=1096.067763—>

E HethRedforml]  [@thl
v

UPPER=10

net change =6655.7 subscribers

While Felix’s estimate of more than 7000 subscribers is close to this figure, his claim is not reasonable.

[5 marks]

1 mark for determining the trigonometric function and the coordinates of the points of intersection.
Note: Accept y-coordinates in the ranges of 400 £ 1 and 500 + 1.

1 mark for determining the logarithmic function unknowns.

1 mark for recognising the need to integrate the rate of change functions to determine the total change.
1 mark for determining the total change. Note: Accept values in the range of 6655 + 10.

1 mark for making an accurate comparison based on appropriate mathematical evidence.

Note: Accept follow-through errors.
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