SUZANNE CORY
High School

Name : Teacher :

2015 MATHEMATICAL METHODS (CAS) UNIT 4
SAC S — Analysis Task
Chapters 14, 15, 16, 17 & 18 - Probability

Reading time: 10 minutes
Writing time: 85 minutes

QUESTION AND ANSWER BOOKLET

Structure of Booklet
Section Number of Number of questions to Number of
Questions be answered Marks
1 4 4 60

e  Students are permitted to bring into the test room: pens, pencils, highlighters, erasers,
sharpeners, rulers, a protractor, set-squares, aids for curve sketching, one bound
reference (which will be collected for the duration of the SAC), one approved CAS
calculator (memory DOES NOT need to be cleared) and, if desired, one scientific
calculator. For approved computer-based CAS, their full functionality may be used.

e  Students are NOT permitted to bring into the test room: blank sheets of paper and/or
white out liquid/tape.

Materials supplied

®  Question and answer booklet.

Instructions
®  Write your name and teacher in the space provided above on this page.

e  All written responses must be in English.

Students are NOT permitted to bring mobile phones and/or any other unauthorised
electronic devices into the test room.




Mathematical Methods (CAS)

Formulas
Mensuration
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Probability
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END OF FORMULA SHEET
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Instructions for Section 1
Answer all questions in the spaces provided.
In all questions where a numerical answer is required an exact value must be given unless otherwise
specified.
In questions where more than 1 mark is available, appropriate working must be shown.

Question 1 (20 marks)

Canine Bio-Engineering is a bio-tech company that has bred a genetically modified Dalmation dog
(canis familiaris minima maculosa) for spot-intolerant people who want a Dalmation dog but don’t
want it to have too many spots. The number of spots, X, on the modified Dalmation dog is a discrete
random variable with probability distribution as shown in the following table:

X 2 3 4 5 6
Pr(X=x) 0.3 0.4 k 0.05 0.02
a. Show that k= 0.23. 1 mark
b. For the number of spots on the modified Dalmation dog:
i. find the mean 2 marks
ii. find the median 1 mark
iii. show that the variance is 0.9019 1 mark
iv. find Var(3X-2) 2 marks
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V. find Pr(x—20 < X < y+20) and interpret your result. 3 marks

The large population of genetically modified dogs are kept in a secure open range enclosure.

c. If two dogs are randomly chosen from the enclosure, find the probability that
i. each dog has three spots, correct to 2 decimal places 1 mark
ii. the total number of spots on both dogs is equal to seven 2 marks

iii. one of the dogs has two spots, given that the total number of spots on
both dogs is equal to seven, correct to 4 decimal places. 2 marks
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Eight modified Dalmation dogs are randomly chosen from the enclosure.

i. Find, correct to 4 decimal places, the probability that a dog chosen at
random from the eight dogs has two spots.

ii. Find, correct to 4 decimal places, the probability that at least four of the
dogs have two spots.

A random group of genetically modified Dalmation dogs manage to escape from
the enclosure. Find the smallest number of dogs in the group if the probability
that at least two of the dogs in the group, having less than four spots, is greater
than 0.99.
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Question 2 (10 marks)

It is found that when an unmarried couple go and see a movie together, there is a 58% chance that
they will see a romantic comedy (RomCom) if the previous movie they saw together was a RomCom,
and a 46% chance that they will see an action movie if the previous movie they saw together was an
action movie.

a. Create a transition matrix for the probabilities of an unmarried couple seeing either
a RomCom or an action movie together, given the previous movie seen together. 1 mark

T =

It is found that when a married couple go and see a movie together there is a 92% chance that they
will see a RomCom if the previous movie they saw together was an action movie, and a 5% chance
that they will see an action movie if the previous movie they saw together was a RomCom. A
transition matrix for the probabilities of a married couple seeing either a RomCom or an action movie
together given the previous movie seen together is

0.95 0.92
0.05 0.08

b. John and Susan are a married couple who decide to go and see a movie together.
It is equally likely that they will see either a RomCom or an action movie the first
time that they go to the movies together. Find the probability that the second time
they go to the movies together, John and Susan will see a RomCom 2 marks
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c. As it happens, the first movie that John and Susan saw in 2015 was an action movie. Find:

i. the probability that the next three movies John and Susan see together

are RomComs. 1 mark
ii. the probability that the fifth movie they see together in 2015 will be a

RomCom, correct to 4 decimal places. 2 marks
jii. the steady state probability that they will see an action movie

together (an exact value is required) 2 marks

On a particular day it was found that 84 married couples saw an action movie together and 212
married couples saw a RomCom together.

d. Find, correct to the nearest whole number, the number of married couples expected
to see each type of movie in the long term. 2 marks
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Question 3 (14 marks)

A social researcher carried out a lifestyle survey on a group of people. A mathematical model was then
developed from the result. The time, in hours, spent each week on sport and recreation by people
surveyed is a continuous random variable, 7, with probability density function

t
kt*e 2 for 0<t<8
t 116
f(t)={———+—  for8<t<145
13¢" 13e
0 elsewhere
. . . 1
a. Given that f'(¢) is continuous at = 8, show that k = — and r = 8. 2 marks
b. Sketch the probability density function f{¢) on the axes below. Label any
intercept(s) and turning point(s) using coordinates. 3 marks
1)
0.2
0.1
¢
10 5 o 5 10 15 20 25
c. Find the median time spent on sport and recreation by this group, in hours,
correct to 2 decimal places. 2 marks
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d. Find the modal time spent on sport and recreation by this group. 1 mark

e. A person is chosen at random from the group. Find the probability that the person:
i. spends at least 5 hours on sport and recreation, correct to four decimal
places 1 mark
ii. spends less than 8 hours on sport and recreation, correct to four decimal
places 1 mark
iii. spent less than 8 hours on sport and recreation, given that they spent at
least 5 hours on sport and recreation, correct to 2 decimal places. 2 marks

The social researcher decides to interview 6 people from the group to see whether or not the people
spend at least 5 hours on sport and recreation each week.

f. Find the probability, correct to two decimal places, that three people spend at
least 5 hours on sport and recreation each week. 2 marks
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Question 4 (16 marks)

Records kept by Massivechusettes Institute of Technology suggest that the distribution of the
total fees paid by graduating students is normal, with mean $60000 and standard deviation
$5000.

a. What proportion of the university’s graduates pay:
i. less than $55000, correct to 4 decimal places? 1 mark
ii. more than $50000 but less than $74000, correct to 4 decimal places? 1 mark
b. The university’s advertising manager wishes to claim that ‘90% of our graduating

students pay less than c in total fees. What should ¢ be, correct to the nearest dollar? 1 mark

Jeremy is practising shots from the free-throw line on the university basketball court. If Jeremy makes
a shot, the probability he will make the next shot is 0.6. If he misses a shot, the probability he will
make the next shot is 0.3. Jeremy misses his first shot.

c. What is the probability Jeremy will make his next three shots? 1 mark

d. What is the probability Jeremy will make exactly two of his next three shots? 3 marks
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e. Given that Jeremy made at least one of the next three shots, what is the

probability he made all three shots, correct to 2 decimal places? 2 marks

The ATAR scores of applicants for a particular university course are normally distributed. The
university decided to accept the top 15% of applicants. Jeremy was accepted into the university with
an ATAR score of 86. Only 10% of applicants had a better score than him. His friend Jody was
offered a scholarship. Her ATAR score was 95 and only 1% of applicants had a better score than hers.

f. What was the mean and standard deviation of the ATAR scores of applicants?
Give your answers correct to two decimal places. 4 marks

Jody wants to join one of the university’s sports clubs. The probability she will be selected for soccer
and not rugby is p. The probability she will selected for rugby is p’ and the probability she will be

selected for neither sport is p* . Being selected for soccer is independent of being selected for rugby.

g. What is the probability Jody will be selected for both sports? Give your answer
correct to two decimal places. 3 marks

END OF QUESTION AND ANSWER BOOKLET
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