





520 Probability (Chapter 25)
Example 11 %) Self Tutor
Sunil has probability % of hitting a target and Monika has probability %.
If they both fire simultaneously at the target, determine the probability that:
a they both hit it b they both miss it.
Let S be the event of Sunil hitting and M be the event of Monika hitting.
a P(both hit) b P(both miss)
= P(S and M hits) = P(S" and M)
= P(S) x P(M) =P(9") x P(M")
_ 4.5 _ 1,1
=5%% =5%%
=2 _ 1
3 30
EXERCISE 25G.1
1 A coin and a pentagonal spinner with edges marked A, B, C, D and E are tossed and twirled simulta-

neously. Find the probabilities of getting:

a aheadanda D b a tail and either an A or a D.
A spinner with 6 equal sides has 3 red, 2 blue and 1 yellow edge. A second spinner with 7 equal
sides has 4 purple and 3 green edges. Both spinners are twirled simultaneously. Find the probability of
getting:

a ared and a green b a blue and a purple.
Janice and Lee take set shots at a netball goal from 3 m. From past experience, Janice throws a goal

on average 2 times in every 3 shots, whereas Lee throws a goal 4 times in every 7. If they both shoot
for goals, determine the probability that:

a both score a goal b both miss
¢ Janice scores a goal but Lee misses.
When a nut was tossed 400 times it finished on its edge 84 times and on its side for

the rest. Use this information to estimate the probability that when two identical
nuts are tossed: edge  side

a they both fall on their edges b they both fall on their sides.
Tei has probability % of hitting a target with an arrow, while See has probability % If they both fire at
the target, determine the probability that:

a both hit the target b both miss the target

¢ Tei hits the target and See misses d Tei misses the target and See hits.
A certain brand of drawing pin was tossed into the air 600 times. It landed on its back J, 243

times and on its side A for the remainder. Use this information to estimate the probability that:

a one drawing pin, when tossed, will fall on its i back il side
b two drawing pins, when tossed, will both fall on their backs
¢ two drawing pins, when tossed, will both fall on their sides.
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DEPENDENT EVENTS

Suppose a cup contains 4 red and 2 green marbles. One marble is randomly chosen, its colour is noted, and
it is then put aside. A second marble is then randomly selected. What is the chance that it is red?

. +— 3 reds remaining
If the first marble was red, P(second is red) = %
“——— 5 to choose from

. - 4 reds remaining
If the first marble was green, P(second is red) = % -
¥ 5 to choose from

So, the probability of the second marble being red depends on what colour the first marble was. We therefore
have dependent events.

Two or more events are dependent if they are not independent.

Dependent events are events for which the occurrence of one of the events does affect the occurrence
of the other event.

For compound events which are dependent, a similar product rule applies as to that for independent events:

If A and B are dependent events then P(A then B) = P(A) x P(B given that A has occurred).

Example 12 ) Self Tutor

A box contains 4 blue and 3 yellow buttons of the same size. Two buttons are
randomly selected from the box without replacement. Find the probability that:

a both are yellow b the first is yellow and the second is blue.

a P(both are yellow)
= P(first is yellow and second is yellow)
= P(first is yellow) x P(second is yellow given that the first is yellow)

o «— 2 yellows remaining

6 ~—— 6 to choose from

~jw

1

7
b P(first is Y and second is B)
= P(first is Y) x P(second is B given that the first is Y)
4 «— 4 blues remaining

6 =—— 6 to choose from

= Nw

EXERCISE 25G.2

1 A packet contains 8 identically shaped jelly beans. 5 are green and 3 are yellow. Two jelly beans are
randomly selected without replacing the first before the second is drawn.

a Determine the probability of getting:
i two greens ii a green then a yellow
ifi a yellow then a green iv two yellows.
b Why do your answers in a add up to 1?
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2 A pocket in a golf bag contains 6 white and 4 yellow golf balls. Two of them are selected at random
without replacement.

a Determine the probability that:
i both are white ii the first is white and the second is yellow
ifi one of each colour is selected.
b Why do your answers in a not add up to 1?

3 A container has 4 purple, 3 blue and 1 gold ticket. Three tickets are selected without replacement. Find
the probability that:

a all are purple b all are blue ¢ the first two are purple and the third is gold.

171 USING TREE DiAGRAMS 1057

Tree diagrams can be used to illustrate sample spaces, provided that the alternatives are not too numerous.
Once the sample space is illustrated, the tree diagram can be used for determining probabilities.
Consider Example 11 again. The tree diagram for this information is:

S means Sunil hits Monika’s -
. . outcome probability
M means Monika hits Sunil’s results
results 2 M Sand M % x 2= %
4 S 4 1 4
< 1 M’ Sand M’ TX5=35
6
5
I €< M S'and M Lt xIT=3%
5 SI
1 , , Ll_ L
. - M S"and M 5 6~ 30
Notice that: 0
total 1

e The probabilities for hitting and missing are marked on the branches.
e There are four alternative paths and each path shows a particular outcome.

All outcomes are represented and the probabilities of each of the outcomes are obtained by multiplying
the probabilities along that path.

Example 13 ) Self Tutor

Stephano is having problems. His desktop computer will only boot up 90% of the time and his laptop
will only boot up 70% of the time.

a Draw a tree diagram to illustrate this situation.
b Use the tree diagram to determine the chance that:
i both will boot up il Stephano has no choice but to use his desktop computer.

a D = desktop computer boots up

L = laptop boots up laptop  outcome  probability
desktop (7 L Dand L 09x0.7=0.63
D

{ 03 L' Dand L' 09X03=027

0.1 { L D'and L 0.1 x0.7=0.07
DY

03 L' D'and L' 0.1 % 03=0.03

total 1.00
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b i P(both boot up) ii P(desktop boots up but laptop does not)
=P(D and L) =P(D and L)
=0.9x0.7 =0.9x0.3
=0.63 =0.27
Example 14 ») Self Tutor

Bag A contains 4 red jelly beans and 1 yellow jelly bean. Bag B contains 2 red
and 3 yellow jelly beans. A bag is randomly selected by tossing a coin, and one
jelly bean is removed from it. Determine the probability that it is yellow.

To get a yellow we take
either the first branch ticked

ticket ~ outcome or the second one ticked.

Bag A Bag B bag 1 g Aand R We add the probabilities for
L <A < these outcomes.
2 % Y AandY Vv
2
1 5 R Band R
2 B <
Y BandY v
P(yellow) = P(A and Y) + P(B and Y)
=1x% + 3xd {branches marked v}
— 4
= 10
_ 2
-5
EXERCISE 25H
1 Suppose this spinner is spun twice: a Copy and complete the branches on the

tree diagram shown.

What is the probability that blue appears on both spins?
What is the probability that green appears on both spins?
What is the probability that different colours appear on both spins?

o & 0o T

What is the probability that blue appears on either spin?

2 In a particular board game there are nine tiles: five are green and the
remainder are brown. The tiles start face down on the table so they
all look the same.

a If a player is required to pick a tile at random, determine the
probability that it is:
i green il brown.
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b Suppose a player has to pick two tiles in a row, replacing the tile 2
first and shuffling them before the second is selected. Copy and tile 1
complete the tree diagram illustrating the possible outcomes. <

¢ Using b, determine the probability that: <

i both tiles are green <
ii  both tiles are brown
iii tile 1 is brown and tile 2 is green
iv one tile is brown and the other is green.

3 The probability of the race track being muddy next week is estimated
to be %. If it is muddy, Rising Tide will start favourite with probability
% of winning. If it is dry he has a % chance of winning.

a Display the sample space of possible results on a tree diagram.

b Determine the probability that Rising Tide will win next week.

4 Machine A cans 60% of the fruit at a factory. Machine B cans the rest. Machine A spoils 3% of

its product, while Machine B spoils 4%. Determine the probability that the next can inspected at this
factory will be spoiled.

5 Box A contains 2 blue and 3 red blocks and Box B contains 5 blue and 1 red block. A box is chosen

at random (by the flip of a coin) and one block is taken at random from it. Determine the probability
that the block is red.

6 Three bags contain different numbers of blue and red
tickets. A bag is selected using a die which has three A
4B 3B faces, two B faces, and one C face.
3R 4R One ticket is selected randomly from the chosen bag.
B C

Determine the probability thatitis: a blue b red

ND WITHOUT

[10.5]

Sampling is the process of selecting one object from a large group and inspecting it for some particular
feature. The object is then either put back (sampling with replacement) or put to one side (sampling
without replacement).

Sometimes the inspection process makes it impossible to return the object to the large group.
Such processes include:

e s the chocolate hard- or soft-centred? Bite it or squeeze it to see.
e Does the egg contain one or two yolks? Break it open and see.
e s the object correctly made? Pull it apart to see.

The sampling process is used for quality control in industrial processes.
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Example 15 «) Self Tutor

A bin contains 4 blue and 5 green marbles. A marble is selected from this bin and its colour is noted.
It is then replaced. A second marble is then drawn and its colour is noted. Determine the probability
that:

a both are blue b the first is blue and the second is green
¢ there is one of each colour.

Tree diagram: a P(both blue)
B = blue — 44
G = green 51)6 ?
=31
outcome probability b P(first is B and second is G)
2nd marble 45
Istmarble % B Band B 4xd_Is = gox 9
4 B =31
B G BandG §xX35=147
< 5 a oo c P(one of each colour)
5 %< B G and B ix3=2 = P(B then G or G then B)
o G
3 G GandG +x32=%2 = P(B then G) + P(G then B)
_ 4.5 5.4
total 1 =5X5tsX3
— 40
~ Bl
Example 16 «) Self Tutor

Sylke has bad luck with the weather when she takes her summer holidays.
She estimates that it rains 60% of the time and it is cold 70% of the time.

a Draw a tree diagram to illustrate this situation.
b Use the tree diagram to determine the chance that for Sylke’s holidays:
i itis cold and raining ii it is fine and cold.

a (' = the weather is cold R = it is raining

. outcome  probability
temperature rain

R Cand R 0.7 X 0.6 =0.42

0.6
c <
oa R'  CandR' 0.7 x04=028

0.7

§ % R CandR 03 x06=0.18
C'

04 R CandR' 03 x04=0.12

total 1.00

b i P(it is cold and raining) i P(it is fine and cold)
=P(C and R) =P(R' and O)
=0.7x0.6 =0.4x0.7

=0.42 =0.28



526 Probability (Chapter 25)

EXERCISE 251

1 A box contains 6 red and 3 yellow tickets. Two tickets are drawn at random (the first being replaced
before the second is drawn). Draw a tree diagram to represent the sample space and use it to determine
the probability that:

a both are red b both are yellow
¢ the first is red and the second is yellow d one is red and the other is yellow.
2 7 tickets numbered 1, 2, 3, 4, 5, 6 and 7 are placed in a hat. Two of the tickets are taken from the hat
at random without replacement. Determine the probability that:
a both are odd b both are even
¢ the first is even and the second is odd d one is even and the other is odd.
3 Jessica has a bag of 9 acid drops which are all identical in shape. 5 are raspberry flavoured and 4 are

orange flavoured. She selects one acid drop at random, eats it, and then takes another, also at random.
Determine the probability that:

a both acid drops were orange flavoured b both acid drops were raspberry flavoured
¢ the first was raspberry and the second was orange
d the first was orange and the second was raspberry.
Add your answers to a, b, ¢ and d. Explain why this sum is 1.
4 A cook selects an egg at random from a carton containing
7 ordinary eggs and 5 double-yolk eggs. She cracks the
egg into a bowl and sees whether it has two yolks or not.
She then selects another egg at random from the carton and
checks it.

Let S represent “a single yolk egg” and D represent “a double
yolk egg”.

a Draw a tree diagram to illustrate this sampling process.
b What is the probability that both eggs had two yolks?
¢ What is the probability that both eggs had only one yolk?

Freda selects a chocolate at random from a box containing 8 hard-
centred and 11 soft-centred chocolates. She bites it to see whether it
is hard-centred or not. She then selects another chocolate at random
from the box and checks it.

Let H represent “a hard-centred chocolate” and S represent “a soft-
centred chocolate”.

a Draw a tree diagram to illustrate this sampling process.
b What is the probability that both chocolates have hard centres?
¢ What is the probability that both chocolates have soft centres?

6 A sporting club runs a raffle in which 200 tickets are sold. There are two winning tickets which are
drawn at random, in succession, without replacement. If Adam bought 8 tickets in the raffle, determine
the probability that he:

a wins first prize b does not win first prize ¢ wins both prizes

d wins neither prize e wins second prize given that he did not win first prize.
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J

SIVE AND NON-MUTUALLY
S [10.5]

Suppose we select a card at random from a normal pack of 52 playing cards. Consider carefully these events:
Event X: the card is a heart Event Y: the card is an ace Event Z: thecardisa 7
Notice that:

e X and Y have a common outcome: the Ace of hearts
e X and Z have a common outcome: the 7 of hearts
e Y and Z do not have a common outcome.

When considering a situation like this:

e if two events have no common outcomes we say they are mutually exclusive or disjoint
e if two events have common outcomes they are not mutually exclusive.

suit

SP ° ° ° ° o (o) o ° ° ° ° o (o)
H‘ e o o o o |o| e o o o o o |o|
D‘ e o o o o |o| e o o o o o |o|
C} ° ° ° ° ° Lvl ° ° ° ° ° ° Lvl
2 3 4 5 6 7 8 9 10 J Q K A - vale

Notice that: P(ace or seven) = % and P(ace) + P(seven) = 5% + % =2

If two events A and B are mutually exclusive then P(A or B) = P(A) + P(B)

it
sut S r ° ° ° ° ° lfo\l ° ° ° ° ° ° °
H (e ° ° ° ° ° ° ° ° ° ° ° °)
D ° ° ° ° |l 4 ° ° ° ° ° °
C ° ° ° ° ° LQJ ° ° ° ° ° ° °
2 3 4 5 6 7 8 9 10 J Q K A value

Notice that: P(heart or seven) = é—g and P(heart) + P(seven) = é—g + % = %

Actually, P(heart or seven) = P(heart) + P(seven) — P(heart and seven).

If two events A and B are not mutually exclusive then P(A or B) = P(A) + P(B) — P(A and B).

EXERCISE 25J

1 An ordinary die with faces 1, 2, 3, 4, 5 and 6 is rolled once. Consider these events:
A:  gettinga 1 B: getting a 3 C: getting an odd number

D: getting an even number F:  getting a prime number F:  getting a result greater than 3.

a List all possible pairs of events which are mutually exclusive.
b Find: i P(BorD) il P(DorkE) iii P(AorFE)
iv P(Bor E) v P(C or D) vi P(Aor Bor F).
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2 A committee consists of 4 accountants, 2 managers, 5 lawyers, and 6 engineers. A chairperson is
randomly selected. Find the probability that the chairperson is:

a a lawyer b a manager or an engineer € an accountant or a manager
3 A jar contains 3 red balls, 2 green balls, and 1 yellow ball. Two balls are selected at random from the
jar without replacement. Find the probability that the balls are either both red or both green.
4 A coin and an ordinary die are tossed simultaneously.
a Draw a grid showing the 12 possible outcomes.
b Find the probability of getting: i aheadandab il aheadorab.
¢ Check that: P(H or 5) = P(H) + P(5) — P(H and 5).

5 Two ordinary dice are rolled.
a Draw a grid showing the 36 possible outcomes.
b Find the probability of getting: i a3anda4 il a3orad.
¢ Check that: P(3 or 4) = P(3) + P(4) — P(3 and 4).

ROBABILITY QUESTIONS
[10.4 - 10.6]

In this section you will encounter a variety of probability questions. You will need to select the appropriate
technique for each problem, and are encouraged to use tools such as tree and Venn diagrams.

EXERCISE 25K
1 50 students went on a ‘thrill seekers’ holiday. 40 went white-water rafting, 21 went paragliding, and
each student did at least one of these activities.
a From a Venn diagram, find how many students did both activities.
b If a student from this group is randomly selected, find the probability that he or she:

i went white-water rafting but not paragliding
ii went paragliding given that he or she went white-water rafting.

2 A bag contains 7 red and 3 blue balls. Two balls are randomly selected without replacement. Find the
probability that:

a the first is red and the second is blue b the balls are different in colour.

3 In a class of 25 students, 19 have fair hair, 15 have blue eyes, and 22 have fair hair, blue eyes or both.

A child is selected at random. Determine the probability that the child has:
a fair hair and blue eyes b neither fair hair nor blue eyes
¢ fair hair but not blue eyes d Dblue eyes given that the child has fair hair.

4 Abdul cycles to school and must pass through a set of traffic lights. The probability that the lights are
red is %. When they are red, the probability that Abdul is late for school is %0. When they are not red
the probability is 51—0.

a Calculate the probability that Abdul is late for school.

b There are 200 days in the school year. How many days in the school year would you expect Abdul
to be late?
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5

10

11

28 students go tramping. 23 get sunburn, 8 get blisters, and 5 get
both sunburn and blisters. Determine the probability that a randomly
selected student:

a did not get blisters
either got blisters or sunburn
neither got blisters nor sunburn

got blisters, given that the student was sunburnt

o 2 060

was sunburnt, given that the student did not get blisters.

An examination in French has two parts: aural and written. When 30 students sit for the examination,
25 pass aural, 26 pass written, and 3 fail both parts. Determine the probability that a student who:

a passed aural also passed written b passed aural, failed written.

Three coins are tossed. Find the probability that:

a all of them are tails b two are heads and the other is a tail.
Marius has 2 bags of peaches. Bag A has 4 ripe and 2 unripe peaches, and bag B has 5 ripe and 1
unripe peaches. Ingrid selects a bag by tossing a coin, and takes a peach from that bag.

a Determine the probability that the peach is ripe.

b Given that the peach is ripe, what is the probability it came from B?

Two coins are tossed and a die is rolled.
a Illustrate the sample space on a grid.
b Find the probability of getting:
i two heads and a ‘6’ ii two tails and an odd number
iii ahead and a tail, or a ‘6’.

In a country town there are 3 supermarkets: P, Q and R. 60%
of the population shop at P, 36% shop at Q, 34% shop at R,
18% shop at P and Q, 15% shop at P and R, 4% shop at Q and
R, and 2% shop at all 3 supermarkets. A person is selected
at random.

Determine the probability that the person shops at:

a none of the supermarkets

at least one of the supermarkets

exactly one of the supermarkets

either P or Q

P, given that the person shops at at least one supermarket

- 0 Q 060 T

R, given that the person shops at either P or Q or both.

On a given day, Claude’s car has an 80% chance of starting first time and André’s car has a 70% chance
of the same. Given that at least one of the cars has started first time, what is the chance that André’s
car started first time?
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Review set 25A

1 Donna kept records of the number of clients she interviewed y

number of days
over a period of consecutive days. 12
a For how many days did the survey last? 9
b Estimate Donna’s chances of interviewing: 6
i no clients on a day 3 H H
ii four or more clients on a day ] [ |_| [ >
ifi less than three clients on a day. Q) Wi aga 307

number of clients

2 [llustrate on a 2-dimensional grid the possible outcomes when a coin and a pentagonal spinner with
sides labelled A, B, C, D and E are tossed and spun simultaneously.

3 University students were surveyed to find who owns a motor MV | no MV
Vehlcle.(M V) and who owns a computer. The results are computer 194 168
shown in the two-way table.

Estimate the probability that a randomly selected university no computer | 16 22
student has:
a a computer b a motor vehicle ¢ a computer and a motor vehicle

d a motor vehicle given that the student does not have a computer.
What is meant by saying that two events are “independent”?
5 Use a tree diagram to illustrate the sample space for the possible four-child families. Hence
determine the probability that a randomly chosen four-child family:
a is all boys b has exactly two boys ¢ has more girls than boys.
6 In a shooting competition, Louise has 80% chance of hitting her target and Kayo has 90% chance
of hitting her target. If they both have a single shot, determine the probability that:
a both hit their targets b neither hits her target
¢ at least one hits her target d only Kayo hits her target.

7 Two fair six-sided dice are rolled simultaneously. Determine the probability that the result is a
‘double’, i.e., both dice show the same number.

8 A bag contains 4 green and 3 red marbles. Two marbles are randomly selected from the bag without
replacement. Determine the probability that:
a both are green b they are different in colour.
9 A circle is divided into 5 sectors with equal angles at the centre. It is made into a spinner, and the
sectors are numbered 1, 2, 3, 4, and 5. A coin is tossed and the spinner is spun.
a Use a 2-dimensional grid to show the sample space.
b What is the chance of getting: i aheadandab 1{i aheadora 5?

10 Bag X contains three white and two red marbles. Bag Y contains one white and three red marbles.
A bag is randomly chosen and two marbles are drawn from it. Illustrate the given information on
a tree diagram and hence determine the probability of drawing two marbles of the same colour.

11 At a local girls school, 65% of the students play netball, 60% play tennis, and 20% play neither
sport. Display this information on a Venn diagram, and hence determine the likelihood that a
randomly chosen student plays:

a netball b netball but not tennis € at least one of these two sports
d cxactly one of these two sports e tennis, given that she plays netball.
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Review set 25B

1 Pierre C(.)nducted a survey to determine th'e ages of people wa}lking th.rough Age Frequency
a shopping mall. The results are shown in the table alongside. Estimate,
to 3 decimal places, the probability that the next person Pierre meets in 0-19 =
the shopping mall is: 20 - 39 43
a between 20 and 39 years of age 4%0_ e ?Z
b less than 40 years of age c at least 20 years of age. *

2 a List the sample space of possible results when a tetrahedral die with four faces labelled A, B,
C and D is rolled and a 20-cent coin is tossed simultaneously.

b Use a tree diagram to illustrate the sample spaces for the following:
i Bags A, B and C contain green or yellow tickets. A bag is selected and then a ticket
taken from it.
ii Martina and Justine play tennis. The first to win three sets wins the match.

that 49 pins landed on their backs and 32 landed on their sides. Estimate,

3 When a box of drawing pins was dropped onto the floor, it was observed A
to 2 decimal places, the probability of a drawing pin landing:

) back  side
a onits back b on its side.

4 The letters A, B, C, D, ..., N are put in a hat.

a Determine the probability of drawing a vowel (A, E, I, O or U) if one of the
letters is chosen at random.

b If two letters are drawn without replacement, copy 1st draw 2nd draw
and complete the following tree diagram including all vl
probabilities: vowel <

. . I consonant
¢ Use your tree diagram to determine the probability of < vowel
drawing: consonant <
consonant
a vowel and a consonant

i
i at least one vowel.

5 A farmer fences his rectangular property into 9 rectangular paddocks as
shown alongside.

If a paddock is selected at random, what is the probability that it has:

a no fences on the boundary of the property
b one fence on the boundary of the property
¢ two fences on the boundary of the property?

6 Bag X contains 3 black and 2 red marbles. Bag Y contains 4 black and 1 red marble. A bag
is selected at random and then two marbles are selected without replacement. Determine the
probability that:

a both marbles are red b two black marbles are picked from Bag Y.
7 Two dice are rolled simultaneously. Illustrate this information on a 2-dimensional grid. Determine
the probability of getting:

a adouble 5 b at least one 4
¢ a sum greater than 9 d asumof7orll.
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8 A class consists of 25 students. 15 have blue eyes, 9 have fair hair, and 3 have both blue eyes and

10

fair hair. Represent this information on a Venn diagram.

Hence find the probability that a randomly selected student from the class:

a has neither blue eyes nor fair hair
b has blue eyes, but not fair hair
¢ has fair hair given that he or she has blue eyes

d does not have fair hair given that he or she does not have blue eyes.

The two-way table alongside shows the results from asking the
question “Do you like the school uniform?”.

If a student is randomly selected from these year groups, estimate
the probability that the student:

a likes the school uniform

b dislikes the school uniform

¢ isin year 8 and dislikes the uniform

d is in year 9 given the student likes the uniform
e likes the uniform given the student is in year 10.

The probability of a delayed flight on a foggy day
is 1—%. When it is not foggy the probability of a
delayed flight is 1—12 If the probability of a foggy
day is %, find the probability of:

a a foggy day and a delayed flight

b a delayed flight

¢ a flight which is not delayed.

d

Comment on your answers to b and c.

Likes | Dislikes
Year 8 129 21
Year 9 108 42
Year 10 81 69




