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HIGHER SCHOOL CERTIFICATE EXAMINATION
ASSESSMENT TASK 3 2019

MATHEMATICS

Time Allowed — 90 Minutes
(Plus 5 minutes reading time)

Total marks - 60

e All three questions may be attempted

e Department of Education approved calculators are permitted
e All necessary working should be shown in all questions

e Marks may not be awarded for careless or untidy work

e Write your student number neatly at the top of every page of your answer sheets

The answers to all questions are to be returned in separate stapled bundles clearly
labelled Question 1, Question 2, etc. Each question must show your Candidate Number.
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Question 1 (20 marks)

a)

b)

d)

e)

Sketch the curve y = 3ez showing all important information.
(Include at least 2 distinct points).

Given a certain population N after time t is given by N = Aekt:

i. Solvefor k when N = 20,4A=4,t =3

ii.  Solve for A in simplest formwhen N = -9,k =1In3, t = 4

The population of a particular town decreases at a rate that is proportional to its population at the
time. If the population is denoted by P and time is denoted by t, write a differential equation that
represents the sentence above. You must state the conditions of any constants that are introduced.

Bensen walks/runs along a straight road such that his displacement x metres from a fixed tower
on the road after t seconds is given by x = t% — 7t — 18.

I.  What is the distance between Bensen and the tower after 5 seconds?
ii.  After how many seconds will Bensen be at the tower?
iii.  What is Bensen’s initial velocity?

iv.  If Bensen is only capable of sustaining a speed of 8ms~1, What is Bensen’s displacement
from the tower before this model is no longer valid?

v.  What was Bensen’s average velocity for the first 6 seconds?

Find the velocity functions in terms of time for the following displacement functions:
i ox=t3-3t*+4t—-2
il. x = 3sint — 4cost

. x=vt?2+1
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f) Inaclass of 16 girls and 14 boys, 2 people were chosen at random to complete a question on the
board. Find the probability that:

I.  The students are of different genders 1

ii. Both are girls 1

g) 4 coins are to be distributed randomly to 4 people. Each person may receive 0, 1, 2, 3 or all 4
coins. What is the probability that Robert:

i. Getsall 4 coins? 1
ii.  Gets no coins? 1
iii. Get at least one coin? 1

Question 2 (20 marks) Start a new sheet of paper

a) Consider two rabbit colonies A and B with the same initial population. Their populations after t
hours are given by

A(t) = Pye® and B(t) = PyeP* respectively.
When the rate at which B is growing is k times the rate at which A is growing, the population of B

is twice the population of A.

i.  Find the value of k in terms of a and b. 2

In(2)
a

ii.  Hence, show that if b = 2a, thent =
population of A.

when the population of B is twice the

Please turn over to continue Question 2
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b)  The population of a certain insect is growing exponentially according to N = 200e*, where t is
the time in weeks after the insects are first counted.

At the end of 3 weeks the insect population has doubled.
i.  Find the value of k in exact and simplified form.

ii.  How many insects will there be after 12 weeks?

iii.  Atwhat rate is the population increasing after 6 weeks? (nearest whole number)

¢) The displacement-time graph below describes the hike of Randal from an origin, where x is in
kilometres and t is in hours. Randal started his hike at 12am and finished at 10pm the same day.

I.  How long did Randal rest for throughout the trip?
ii.  Between what times did Randal travel the fastest?
ii.  What was Randal’s average speed throughout the entire trip? Give your answer in km/h.

iv.  For safety reasons, there is a tower at Randal’s starting position that can spot up to a
radius of 2km. For how long was Randal not sighted?

Please turn over to continue Question 2
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d) A body is launched horizontally from an origin with an initial velocity of 15ms~! and
experiences an acceleration given by ¥ = —24e~2¢ throughout its journey.

Show that the velocity is given by x = 12e7%¢ + 3 2
Find the displacement of the body after 5 seconds. (exact value) 2
Describe the motion of the body as t — oo. 2

) An experiment is conducted where an unbiased coin is tossed continually, until for the first time
the same result appears twice in a row.

Find the probability that the experiment ends on the 3™ toss. 1

Find the probability that the experiment finishes before the 4" toss. 1

Question 3 (20 marks) Start a new sheet of paper

a) An air mattress deflates and decreases its air pressure P in millibars at a rate that is proportional
to its air pressure at the time according to Z—I; = —wP where t is in minutes. The mattress was
initially pumped to an air pressure of 40 millibars.

Show that P = Pye~t is a solution to that differential equation. 1

After 5 minutes the air mattress’ air pressure has decreased by 40%. Find the value of P, 2
and w.

The air mattress can be packed away once it reaches an air pressure of 5 millibars. 3
However, when the air pressure of the mattress reaches below 10 millibars it decreases at

a rate given by Z—I; = —0.1P. What is the total time required for the air mattress to deflate

from 40 millibars down to 5 millibars? Give your answer to the nearest minutes and
seconds.

Please turn over to continue Question 3
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b) Below is a velocity time graph for a particle travelling in a straight line from an origin, where t is
in hours and v is in ms™1.

A

From A to B, the graph is givenby y = —

x(x—4)

- from B to C the graph is a straight line, and

from C to D the graph is an arc of a circle with radius 4.

Vi.

After how long was the particle at rest?

After how long was the particle back at the origin? (Hours and Minutes)

What is the displacement of the particle at B, C and D respectively? (1 decimal place)
Between what time(s) did the particle have a positive acceleration?

Between what time(s) was the particle ‘slowing down’?

(Start a new page for this part) Copy the velocity time graph onto your answer sheet.
Draw the corresponding displacement time graph directly below your diagram so that
your horizontal axis are aligned. Show all the key information found in the previous parts.
(Both of your graphs should be half a page in size).

Please turn over to continue Question 3
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c) A game involves throwing 2 dice and tossing 2 coins. The scoring system works as described

below:
Result Points
2 heads and double 6 5
2 tails and double 6 4
2 heads and a double other than 6 3
2 tails and double other than 6 2
Anything else 0

i.  Find the probability that after 1 turn, I will get no points.

ii.  Assuming that | was able to score from both my turns, what is the most likely score I will

get after 2 turns? Show working.

JRAHS 2 Unit Assessment Task 3 2019
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