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Section Two: Calculator-assumed 65% (98 Marks)

This section has thirteen questions. Answer all questions. Write your answers in the spaces
provided.

Working time: 100 minutes.

Question 9 (7 marks)

The vertices P to V in the graph below represent major bus stations in a city and the edge
weights represent the travel time between pairs of stations in minutes.

(a) Determine the minimum travel time and corresponding route between the following pairs

of stations:
(@ Q and S. (2 marks)
(ii) Pand V. (3 marks)

(b) It is possible to reduce the travel time between stations Q and T. Determine the reduction
required so that the current minimum travel time between stations Q and V is equal to the
minimum travel time between these stations, via station T, after the reduction.

(2 marks)

SN085-176-2 See next page
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Question 10 (7 marks)
A grain silo stood empty at the start of a harvest. Over the next month, the weight of barley in the
silo, W, tonnes at the end of the n'" day, was modelled by W, ., = 0.8W,, + 36, W, = 0.

(a) Determine, to the nearest tonne, the change in the weight of barley in the silo from the
end of day 2 to the end of day 6. (3 marks)

(b) At the end of which day did the weight of barley in the silo first exceed 175 tonnes?
(2 mark)

(© Eventually, the weight of barley will reach a steady state. At the end of which day did the
weight of barley in the silo first come within a quarter of a tonne of the steady state?
Justify your answer. (3 marks)

See next page SN085-176-2
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Question 11

APPLICATIONS UNIT 3

(7 marks)

The balance 4,, of an account after n years, in dollars, is modelled by the recurrence relation

Apy1 = 1.224,, Ay = 100.

(a) Determine the balance of the account, to the nearest cent, after

(i)

(ii)

(b) Plot 4,, on the axes below forn = 0ton = 8.

500

400

300

200

100

3 years.

7 years.

(1 mark)

(2 mark)

(3 marks)

(c) Describe the features of the graph in part (b) that illustrate the exponential growth of the

balance.

SN085-176-2
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Question 12 (8 marks)

The following table shows the compressive strength, in megapascals, achieved by concrete after
one week for different water-cement ratios, as a percentage, used in its mixture.

Water-cement ratio R, % 40 44 47 51 53 56 60
Strength S, MPa 26.4 24.8 21.0 20.1 19.0 19.3 15.1
(a) Determine the equation of the least-squares line for the data, with ratio R as the

(b)

(©)

(d)

explanatory variable. (2 marks)

In the context of the question, interpret the slope of the least-squares line in part (a).
(2 marks)

State the coefficient of determination and use it to assess the strength of the linear
association. (2 marks)

Predict the value of the strength S when the water-cement ratio is 42% and discuss the
validity of this prediction. (2 marks)
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Question 13

APPLICATIONS UNIT 3

(8 marks)

Participants at a conference were categorised by district they worked in and main area of
interest. The table below shows the number of participants in these categories.

Main area of interest
Technology Science Engineering
L Metropolitan 36 31 19
District Reg?onal 52 66 36
(a) Determine what percentage of participants
0] had engineering as their main area of interest. (2 marks)
(i) worked in the metropolitan district. (2 mark)

(b) Use the above table to complete the following table of row percentages, rounding entries
to the nearest whole number.

(%)

Technology

Science

Engineering

Metropolitan

Regional

(3 marks)

(© Explain whether the percentaged table above suggest the presence of an association
between district worked in and main area of interest for the participants.

SN085-176-2
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Question 14 (9 marks)

The table and graph below shows the average fuel consumption, in litres per 100 km, achieved
by the drivers of different cars before and after they took part in an advanced driving course.

Before x | 12.3 9.4 8.8 7.9 10.6 | 10.1 | 11.1 9.5 11.4 7.1
After y 11.7 9.5 8.7 7.9 10.2 9.7 10.4 9.6 11.2 6.5

y

11

10

(a) Use the above information to determine

0] the correlation coefficient 7. (1 mark)
(i) the equation of the least-squares line of y on x. (2 marks)
(b) Draw the least-squares line on the graph above. (2 marks)

See next page SN085-176-2
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(©) The fuel consumption achieved by the driver of another car was 6.6 litres per 100 km
before they took part in the course.

0] Predict the fuel consumption this driver will achieve after the course. (1 mark)

(i) Explain why the correlation coefficient supports confidence in the above prediction.
(1 mark)

(i)  Explain why this prediction involves extrapolation and how this affects confidence
in the above prediction. (2 marks)

SN085-176-2 See next page
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Question 15

10

CALCULATOR-ASSUMED

(7 marks)

A student found a box containing three keys and four padlocks. Some keys will open more than

one padlock. A tick in the following table indicates that a key will open that padlock.

@)

(b)

(©)

Padlock
1 2 3
A v v
Key B v v v
C v

Represent this information clearly as a bipartite graph G. (3 marks)

The presence of all even vertices in G indicates that it is Eulerian. State the definition of an
Eulerian graph. (2 marks)

If another edge was added to G, from key A to padlock 4, state, with reasons, whether G is
still:

0] bipartite. (2 mark)

(ii) Eulerian. (1 mark)
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Question 16 (7 marks)

An unmanned submarine has to return directly to its host ship, currently at anchor and 315 km
away from the submarine. With failing batteries, the submarine can travel 42 km in the first hour,
39 km in the second hour and so on, always 3 km less than in the previous hour until it no longer
moves.

(a) Determine the total distance travelled by the submarine in the first three hours. (2 marks)

(b) Determine a simplified rule for the distance D,, travelled by the submarine in the n™®

hour. (2 marks)
(©) At the start of which hour will the submarine no longer move? (1 mark)
(d) State, with reasons, whether the submarine will reach its host ship. (2 marks)

SN085-176-2 See next page
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Question 17 (7 marks)
Graph G has 5 vertices with degrees 2,2, 3,3 and 4.

(a) Determine the number of edges that G has. (2 marks)

(b) Draw G in the plane as a simple connected graph and state the number of faces it has.
(3 marks)

(© Draw G in the plane as a connected graph with one bridge. (2 marks)

See next page SN085-176-2
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Question 18 (8 marks)

(a) The value of a painting, initially worth $2500, increases by a 7% of its value each year.

0] Deduce the n™ term rule for the value V,, of the painting after n years. (2 marks)

(i) Determine the number of years until the painting is first worth more than $6 000.
(2 mark)

(b) The value of a machine decreases by a fixed percentage of its value each year, so that
after 3 years it has a value of $2947.80 and after 4 years it has a value of $2505.63.

0] Determine the fixed percentage. (3 marks)

(ii) Determine the initial value of the machine. (2 marks)

SN085-176-2 See next page
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Question 19 (7 marks)

A person has decided to deposit $40 every month into their savings account. Interest at a rate of
0.25% of the balance will be added to the account just before each deposit is made.

The recurrence relation 4,,,; = 1.00254,, + 40, A, = 1800 can be used to model the balance of
the savings account, where 4,, is the balance in dollars after n deposits.

@)

(b)

Determine
0] the initial balance of the account. (1 mark)
(i) the balance of the account after 12 deposits. (1 mark)

(i)  the number of months it would take for the account balance to first exceed double
its initial balance. (2 marks)

If, after the 15™ deposit, the interest rate decreased from 0.25% to 0.22% and the monthly
deposit increased from $40 to $55, determine the account balance after a further 12
deposits have been made. (3 marks)
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Question 20 (8 marks)

The linear model fitted to a data set had equation y = 18.86x — 120.9. The correlation coefficient
between the variables was 7y, = 0.977. The residual plot for the linear model is shown below.

Residual
100 4 °
° [e]
50
e}
o o o ©
e x
10 20 o 30 © 40 50 60
o
-30 it o L o]
(o]
o (o)
-100 o

(a) The residual for the data point (45, 745) is not shown. Determine the residual for this point
and add it to the residual plot. (3 marks)

(b) Use the residual plot to assess the appropriateness of fitting a linear model to the data.
(2 marks)

(©) The point shown on the plot above with a residual of —76.7 was derived from the data
point x = a,y = b. Determine the value of a and the value of b. (3 marks)

SN085-176-2 See next page
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Question 21 (8 marks)

The vertices in graph G below represent towns, the edges represent roads, and each edge
weight represents the length of the road between adjacent towns in kilometres.

Q 31 R 45 S
16
30
\
28 > 25
22 40
P T
25 U 41

(a) List, starting with P and in the order visited, the vertices that lie on the Hamiltonian cycle
with the minimum total road length and state this minimum length. (3 marks)

An engineer must drive an inspection vehicle along the entire length of all 11 roads in G.

(b) State, with justification, where the inspection should start and where it should finish to
minimise the distance that the engineer must drive. (2 marks)
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(©) For practical reasons, the engineer has to start at town P and must return there at the end
of the inspection. Determine, with reasoning, the minimum distance the engineer must
drive. A copy of G is provided below.

28
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41

End of questions

(3 marks)
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