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16.1 Introduction to Probability (Page 597)
16.1 Warm Up!
a.

You toss a coin three times. How many possible outcomes are there? List them.

b.

Which principle explains the number of possible outcomes?

If you draw a card at random from a standard 52-card deck, what is the probability that you
draw:
c.

A Spade

d.

A Jack or Queen

e.

A Red card or a 5

Probability Theory
The branch of mathematics that deals with _____________________________. It assigns a number
(between ___ and ___, inclusive) to an ________ as a means of indicating the probability, or likelihood, of
the occurrence of the event.
Ex: If a weather report states that the probability of precipitation tomorrow is 60%, then in the
past, whenever weather conditions similar to the current conditions existed, it rained 3 out of 5
times.
The probability of an event is determined either __________________ or _____________________.
The example mentioned above is an example of an empirical probability because it is based on previous
observations of the weather.
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Terminology in Probability Theory
We refer to an action having various outcomes that occur unpredictably (such as tossing a coin or rolling
a die) as an __________________. A __________ __________ of an experiment is a set S such that each
outcome of the experiment corresponds to exactly one element of S. An ___________ is any subset of a
sample space.
If a sample space of an experiment contains n equally likely outcomes and if m of the n outcomes
correspond to some event A, then the __________________ of event A, denoted _______, is: 𝑃(𝐴) =
If all n outcomes correspond to event A, then the event is certain to occur and P(A) =
no outcomes correspond to event A, then the event is certain not to occur and P(A)=

. Similarly, if

Example 1
Suppose a die is rolled. Give a sample space for this experiment. Then find the probability of
rolling a prime number.
Example 2
a.
Create a Venn diagram where your universal set is the “numbers obtained from rolling a
die” and your two subsets are, “numbers divisible by 2,” and “numbers divisible by 3.”

b.

Then find the probability of a number rolled by a die will be divisible by 2 or 3.

c.

Find the probability of rolling a 3 or rolling an even number.

Probability of Two Events
For any two events A and B,
P(A or B) = P(A) + P(B) –

Probability of Either of Two Mutually Exclusive Events
If events A and B are mutually exclusive, then
P(A or B) =
3

Not A
The event “not A” occurs when event A does not. Since events A and “not A” are mutually exclusive and
since one or the other is certain to occur, we have:
P(A or Not A) =
P(A) + P(not A) =
P(not A) =

Example 3:
If a standard deck of 52 cards is well shuffled, what is the probability that the top card is:
a.
a black ace?
b.
not a black ace?
c.
a diamond face card

Example 4:
Suppose a two dice are rolled. What is the probability that the sum of the numbers showing
on the dice is 9 or 10?

Example 5:
Suppose you toss a coin three times. Draw a tree diagram to represent the situation. What is
the probability that exactly two of the tosses result in “heads”?
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Example 6: Independent work *
Suppose a die is rolled. Find each probability.
a.

P(perfect square)

b.

P(factor of 60)

c.

P(negative number)

Example 7: Independent work *
If a card is drawn at random from a standard deck of 52 cards, what is the probability of
getting:
a.

The queen of hearts

b.

A heart?

c.

A queen?

d.

A red card?

e.

A face card?

f.

A red face card?

g.

A red diamond?

h.

a jack or king?

i.

Not a black diamond?

Example 8: Independent work **
Mr. and Mrs. Smith each bought 10 raffle tickets. Each of their three children bought 4 tickets.
If 4280 tickets were sold in all, what is the probability that the grand prize winner is:
a.

Mr. or Mrs. Smith?

b.

One of the 5 Smith’s?

c.

None of the Smith’s
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Example 9: Independent work **
Use the table from Example 4, which gives the 36 equally likely outcomes when two dice are
rolled. Find the probability of each event.
a.

Sum is 6.

b.

Sum is 7.

d.

The two dice show different numbers.

c.

Sum is 8.

Example 10: Independent work **
A die is rolled and a coin is tossed.
a.

Make a tree diagram showing the
12 possible outcomes of this
experiment.

b.

Find the probability that the die’s
number is even and the coin is
“heads.”
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Example 11: Independent work ***
Suppose you roll two dice, each of which is a regular octahedron with faces numbered 1 to 8.
a.
What is the probability that the sum of the numbers showing is 2?

b.

What is the probability that the sum is 3?

c.

What sum is most likely to appear?

Example 12: Independent work ***
a.

The letters of the word TEXAS are arranged in a random order. What is the probability
that the letters spell TAXES?

b.

If a 3-letter sequence is formed by randomly choosing 3 letters from the word OCEAN,
what is the probability that it is composed only of vowels?
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16.2 Probability of Events Occurring Together (Page 605)
16.2 Warm Up!
1.
A pile of cards consists of three red cards, two blue cards, and one white card. You draw
one card form the pile without looking. What is the probability that the card is:
a.

2.

blue

c.

white

red

b.

blue

c.

white

Assume again that the card you selected on the first drawing was white, but that it was
placed back in the pile before you draw a second time. What is the probability that this
second card is:
a.

4.

b.

Assume that on your first drawing the card you selected was white and that it was not
placed back in the pile. You then draw another card without looking from the remaining
pile. What is the probability that this card is:
a.

3.

red

red

b.

blue

c.

white

Compare your answers for numbers 2 and 3 to those for number 1. Does replacement
of the card selected in the first drawing affect the probabilities for the color of the card
selected in the second drawing?
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Probability of Events Occurring Together
If you know the probabilities that correspond to the branches of a tree diagram for some experiment, then
you can find the probability of a particular outcome by _______________ the probabilities along the path
leading to that outcome.

Example 1
Two yellow marbles and three green marbles are placed in a jar. One marble is randomly
chosen, its color is noted, and the marble is put back in the jar. This procedure is repeated for
a second marble. Find the probability that both marbles are the same color.

Example 2
Rework Example 1 if the first marble is not put back in the jar before the second marble is
chosen.
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Conditional Probability
In Examples 1 & 2, we denote the probability that the second ball is yellow given that the first ball is
yellow by:
P(second is Y first is Y)
This is called a conditional probability because it gives the probability that the second ball is yellow on the
______________ that the first ball is yellow.
Independent
In general, two events A and B are independent if and only if the occurrence of A does ___ affect the
probability of occurrences of B. In other words, events A and B are independent if and only if:
P(B|A) =
Rules for Probability of Events Occurring Together
Rule 1: For any two events A and B, P(A and B) =
Rule 2: If events A and B are independent, then P(A and B) =

Example 3:
A card is randomly drawn from a standard deck.
a.

Show that the events “jack” and “spade” are independent.

b.

Show how Rule 2 given above can be used to find the probability of drawing the jack of
spades.

We can write Rule 1 given above as:
P(B|A) =
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Example 4:
Each student in a class of 30 studies one foreign language and once science. The students’
choices are shown in the table below.

French (F)
Spanish (S)
Totals

Chemistry (C)
7
1
8

Physics (P)
4
6
10

Biology (B)
3
9
12

Totals
14
16
30

a.

Find the probability that a randomly chosen student studies chemistry.

b.

Find the probability that a randomly chosen student studies chemistry given that the
student studies French.

c.

Are the events “student studies chemistry” and “student studies French” independent?
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Example 5:
From a box containing 3 red balls and 5 green balls, 2 balls are randomly picked, one after the
other and without replacement.
a.

Draw a tree diagram showing the probabilities of each branch of the tree.

b.

Are the events “second ball is red” and “first ball is red” independent?

c.

Find the probability that both balls are the same color?

d.

Find the probability that one ball is red and one is green.
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Example 6: Independent work *
Two cards are dealt from the top of a well-shuffled standard deck of cards.
a.

Draw a tree diagram showing the probabilities of a heart (H) and non-heart (N) for each
of the two cards.

b.

Find P(HH)

c.

P(HN)

d.

P(NH)

e.

P(NN)
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Example 7: Independent work **
Use the table below, which gives the areas of concentration of the 400 students at a small
college.
Area of
Concentration
Natural sciences
Social sciences
Humanities
Totals

Freshman
50
20
40
110

Sophomore
35
25
40
100

Class
Junior
33
28
39
100

Senior
29
24
37
90

Totals
147
97
156
400

a.

If a student is selected at random, what is the probability that the student’s area of
concentration is the natural sciences?

b.

If a student is selected at random, what is the probability that the student is a freshman
in the social sciences?

c.

What is the probability that a senior’s area of concentration is the natural sciences?

d.

What is the probability that a student in the natural sciences is a senior?

e.

A student is selected at random. Are the events “student is a junior” and “student is in
humanities” independent?
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Example 8: Independent work ***
Three cards are dealt from a well-shuffled standard deck.
13 12

a.

Complete the calculation: P(3 clubs) = 52 ∙ 51 ∙

=

b.

Find the probability that all cards are red.

c.

Find the probability that all 3 cards are aces.

d.

Find the probability that none of the cards is an ace.

e.

Find the probability that at least one of the cards is an ace.

f.

Find the probability that either one or two of the cards is an ace.

Example 9: Independent work ***
Three people are randomly chosen. Find the probability of each event.
a.

All were born on different days of the week.

b.

At least two people were born on the same day of the week.
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16.3 The Binomial Probability Theorem (Page 613)
16.3 Warm Up!
2
Write the binomial expansion of each binomial, simplifying your answer. Then substitute 3 for
1

x and 3 for y in the expansion and evaluate the sum.
a.

(𝑥 + 𝑦)2

b.

(𝑥 + 𝑦)3

c.

(𝑥 + 𝑦)4
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Example 1
a.
Consider the experiment in which a die is rolled three times. Make a tree diagram that
displays the probabilities of rolling a 6 or not rolling a 6 for three rolls of the die.

Outcome
Probability

3 sixes
SSS

[𝑝 + (1 − 𝑝)]3 =
b.

2 sixes
SNS

SSN

𝑝3 +

NSS

3𝑝 2 (1 − 𝑝)

1 six
NSN

SNN

+

0 sixes
NNN

NNS

3𝑝(1 − 𝑝)2

+ (1 − 𝑝)3

If the die were rolled 4 times instead of 3, we would have the following distribution of
probabilities.

Outcome
Probability

[𝑝 + (1 − 𝑝)]4 =

4 sixes

3 sixes

2 sixes

1 six

0 sixes

1
( )
6

1 5
( )( )
6 6

1 5
( )( )
6 6

1 5
( )( )
6 6

5
( )
6

𝑝4

+

4𝑝 3 (1 − 𝑝) +

6𝑝 2 (1 − 𝑝)2 + 4𝑝(1 − 𝑝)3 + (1 − 𝑝)3

The Binomial Probability Theorem
Suppose an experiment consists of a sequence of n repeated independent trials, each trial having two
possible outcomes, A or not A. If on each trial, P(A) = p and P(not A) = 1 – p, then the binomial
expansion of [𝑝 + (1 − 𝑝)]𝑛 is 𝑛𝐶𝑛 𝑝𝑛 + ∙∙∙ + 𝑛𝐶𝑘 𝑝𝑘 (1 − 𝑝)𝑛−𝑘 + ∙∙∙ + 𝑛𝐶0 (1 − 𝑝)𝑛 ,
gives the following probabilities for the occurrences of A:
Outcome
Probability

N A’s
𝑛
𝑛𝐶𝑛 𝑝

…

k A’s
− 𝑝)𝑛−𝑘
𝑛 𝐶𝑘 𝑝
𝑘 (1

…

0 A’s
𝑛
𝑛𝐶0 (1 − 𝑝)
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Conditions to use Binomial Theorem
The use of the binomial probability theorem requires three assumptions:
1. Each trial of the experiment results in one of ______ possible outcomes (success or failure).
2. The probability of success is _______________ for each trial.
3. Outcomes are _________________.
Examples of an Experiments that

Example 2
a.
A coin is tossed 10 times. What is the probability of exactly 4 “heads”?

Example 3:
In a survey of 1000 students in a school, 950 indicated that they were right-handed. Find the
probability that at least one of four randomly chosen students from the school is left-handed.

Example 4:
Of the computer operators who work for a large temporary employment agency, 60% have a
car. If 5 of the computer operators are randomly chosen to work on a job that requires car
transportation, what is the probability that at least 4 have cars?

Example 5:
A quiz consists of 6 true-false questions. If you guess the answer to each question, what is the
probability that you get at least 4 correct answers?

18

Example 6:
A jar contains 2 red marbles and 3 blue marbles. Three marbles are randomly drawn. Find
the probability of 1, 2, or 3 blue marbles if the drawing is done with replacement
a.
1 blue
b.
2 blue
c.
3 blue

Example 7: Independent work *
A coin is tossed 9 times and comes up “heads” each time. What is the probability that it will
come up “heads” on the next toss?

Example 8: Independent work *
Make a table like the ones under Example 1, showing the 8 different ways in which “heads” (H)
and “tails” (T) can occur if a coin is tossed 3 times. Then find the probability of getting:

a.

3 heads

b.

2 heads

c.

1 head

d.

0 heads
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Example 9: Independent work **
Consider the set of families with exactly 4 children. If P(child is a boy) =

find the probability

that one of these families, picked at random, has:
a.

4 boys

b.

3 boys

d.

1 boy

e.

0 boys

c.

2 boys

Example 10: Independent work **
What is the probability of getting exactly 2 fives in 4 rolls of a die?

Example 11: Independent work **
a.

If one card is drawn from a well-shuffled standard deck, what is the probability of
drawing a spade?

b.

If one card is drawn from each of two well-shuffled standard decks, what is the
probability of drawing 0 spades? 1 spade? 2 spades?
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Example 12: Independent work ***
A quiz has 6 multiple-choice questions, each with 4 choices. If you guess at every question,
what is the probability of getting:
a.

all 6 questions right?

b.

5 out of 6 questions right?

Example 13: Independent work ***
Eight out of every ten nutritionist recommend Brand X. If nutritionists A, B, and C are asked
their opinions on Brand X, what is the probability that:
a.

all three recommend Brand X

c.

at least one recommends Brand X

b.

none recommends Brand X
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16.4 Probability Problems Solved with Combinations (Page 619)
16.4 Warm Up!
Three cards are drawn from a well-shuffled standard deck of 52 cards, one after the other
without replacement.
1.

2.

Find the probability of drawing:
a.
all clubs
b.
no clubs

c.

Evaluate:
13𝐶3
a.
𝐶

c.

52 3

b.

39𝐶3
52𝐶3

exactly one club

13𝐶1 ∙ 39𝐶2
52𝐶3

3.

Compare your answers to Exercises 1 and 2. What do you notice?

4.

Use the results of exercises 1-3 to write and evaluate an expression using combinations
to find the probability of getting exactly two clubs.

Example 1
Five cards are drawn at random from a standard deck. Find the probability that all 5 cards are
hearts using:
a.

Conditional Probability

b.

Combinations
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Example 2
Five cards are drawn at random from a standard deck. Find the probability that exactly 2 are
hearts.

Example 3
Thirteen cards are dealt from a well-shuffled standard deck. What is the probability that the
13 cards contain exactly 4 aces and exactly 3 kings?

Example 4:
Three marbles are picked at random from a bag containing 4 red marbles and 5 white marbles.
Match each event with its probability.

a.

Events
All 3 marbles are red

b.

Exactly 2 marbles are red

c.

Exactly 1 marble is red.

d.

No marble is red.

Probabilities
4𝐶1 ∙ 5𝐶2
9𝐶3
4𝐶2 ∙ 5𝐶1
9𝐶3
4𝐶3 ∙ 5𝐶0
9𝐶3
4𝐶0 ∙ 5𝐶3
9𝐶3
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Example 5: Independent work *
Five cards are drawn at random from a standard deck. Match each event with its probability.

a.

Events
All 4 aces are chosen

Probabilities

b.

No aces are chosen

c.

Exactly 4 diamonds are chosen

d.

Four aces and one jack are chosen

4𝐶0 ∙ 48𝐶5
52𝐶5
4𝐶4 ∙ 48𝐶1
52𝐶5
4𝐶4 ∙ 4𝐶1
52𝐶5

13𝐶4 ∙ 39𝐶1
52𝐶5

Example 6: Independent work *
Five cards are dealt from a well-shuffled deck. What is the probability of getting:
a.

all hearts

b.

no hearts

c.

at least one heart

Example 7: Independent work **
A bag contains 5 red marbles and 3 white marbles. If 2 marbles are randomly drawn, one after
the other and without replacement, what is the probability that the number of red marbles is:
a.

0

b.

1

c.

2
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Example 8: Independent work **
Free concert tickets are distributed to 4 students chosen at random from 8 juniors and 12
seniors in the school orchestra. What is the probability that free tickets are received by:
a.

4 seniors

d.

exactly 1 senior

b.

exactly 3 seniors

e.

c.

exactly 2 seniors

no seniors

Example 9: Independent work **
Thirteen cards are dealt from a well-shuffled standard deck. What is the probability of getting:
a.

all red cards

b.

7 diamonds and 6 hearts

c.

at least 1 face card

d.

all face cards
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Example 10: Independent work ***
A committee of 4 chosen at random from a group of 5 married couples. What is the
probability that the committee includes no two people who are married to each other?

Example 11: Independent work ***
A quality control inspector randomly inspects 4 microchips in every lot of 100. If one or more
microchips are defective, the entire lot is rejected for shipment. Suppose a lot contains 10
defective microchips and 90 acceptable ones. What is the probability that the lot is rejected?
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16.5 Working with Conditional Probability (Page 624)
16.5 Warm Up!
For a-f, use the tree diagram shown. Find each probability.
a.

P(G)

b.

P(W|R)

c.

P(W|G)

d.

P(B)

e.

P(W)

f.

P(R|W)

In this section we will consider the probability of a certain cause when a certain effect is observed.
Ex: A flu can cause symptoms such as high fever and sore throat, but these can be symptoms of
other disorders besides flu. Example 1 examines the probability that a person who has a fever (an
effect) also has the flu (a possible cause of the fever.)

Example 1
During a flu epidemic, 35% of a school’s students have the flu. Of those with the flu, 90% have
high temperatures. However, a high temperature is also possible for people without the flu; in
fact, the school nurse estimates that 12% of those without the flu have high temperatures.
a.

Incorporate the facts given above into a tree diagram.

b.

About what percent of the student body have a high
temperature?

c.

If a student has a high temperature, what is the
probability that the student has the flu?
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The technique used in the preceding example can be generalized.
Suppose we have a situation in which there is a cause C and an
effect E.
1.
2.
3.
4.

P(C) and therefore P(C’) =
P(E|C) and therefore P(E’|C) =
P(E|C’) and therefore P(E’|C’) =
Find P(C|E)

Example 2:
a.
Find the missing probabilities in the tree diagram
b.

To what probabilities do the three blanks
represent.

c.

Find P(X and Y)

d.

Find P(X’ and Y)

e.

Find P(Y)

f.

Find P(X|Y)

Example 3:
Suppose you have two pairs of dice. One pair is fair, but each die of the other pair is weighted
1
1
so that a six comes up with probability 4 instead of the usual 6. If you randomly choose one
pair of dice, roll them, and obtain two sixes, what is the probability that you rolled the
weighted dice?
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Example 4:
Use the tree diagram at the right to find each probability.
a.

P(A|R)

b.

P(A|S)

c.

P(R and C)

d.

P(S and C)

e.

P(C)

f.

P(R|C)

Example 5:
Jar A contains 2 red balls and 3 white balls. Jar B contains 4 red balls and 1 white ball. A coin
is tossed. If it shows “heads,” a ball is randomly picked from Jar A; if it shows “tails,” a ball is
randomly picked from Jar B.
a.

Draw a tree diagram showing the probabilities
of picking a red ball or a white ball.

b.

Find the probability of picking a red ball.

c.

If a red ball is picked, find the probability that
it came from Jar A.
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Example 6: Independent work *
Machine A produces 60% of the ball bearings manufactured by a factory and Machine B
produces the rest. Five percent of Machine A’s bearings fail to have required precision, and
two percent of Machine B’s bearings fail.
a.

Incorporate the facts given above into a tree
diagram.

b.

What percent of the bearings fail to have the
required precision.

c.

If a bearing is inspected and fails to have the
required precision, what is the probability that
it was produced by Machine A?

Example 7: Independent work **
An auto insurance company charges younger drivers a higher premium than it does older
drivers because younger drivers as a group tend to have more accidents. The company has 3
age groups: Group A includes those under 25 years old, 22% of all its policyholders. Group B
includes those 25-39 years old, 43% of all of its policyholders. Group C includes those 40 years
old or older. Company records show that in any given one-year period, 11% of its Group A
policyholders have an accident. The percentages for groups B and C are 3% and 2%
respectively.
a.

What percent of the company’s policyholders
are expected to have an accident during the
next 12 months?

b.

Suppose Mr. Smith has just had a car accident. If he is one of the company’s
policyholders, what is the probability that he is under 25?
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Example 8: Independent work **
A medical research lab proposes a screening test for a disease. In order to try out this test, it is
given to 100 people, 60 of whom are known to have the disease and 40 of whom are known
not to have the disease. A positive test indicates the disease and a negative test indicates no
disease. Unfortunately, such medical tests can produce two kinds of errors:
1.
A false negative test: For the 60 people who do have the disease, this screening
indicates that 2 do not have it.
2.
A false positive test: For the 40 people who do not have the disease, this
screening indicates that 10 do have it.
a.

Which of the false tests do you think is more serious? Why?

b.

Incorporate the facts given above into a tree diagram. (Be sure to convert the given
integers into probabilities)

c.

Suppose the test is given to a person not in the original group of 100 people. It is not
known whether this person has the disease, but the test result is positive. What is the
probability that the person really does have the disease?

d.

Suppose the test is given to a person whose disease status is unknown. If the test result
is negative, what is the probability that the person does not have the disease?
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Example 9: Independent work ***
The children of a math professor play two games that use dice. In one game, two dice are
rolled and the sum of the numbers on the dice is called out. In the other game, a single die is
rolled and its number is called out. The professor hears the children in another room call out
the number 2, and knowing that they play the two games about equally as often, the professor
is able to calculate the probability they are playing the two-dice game. What is the
probability?
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16.6 Expected Value (Page 630)
16.6 Warm Up!
Consider the following game: You pay $6 to play a game where you roll a die with a payoff as
follows. Record 10 trials of each experiment in the form here.
a.

GAME 1: $8 for a 6, $7 for a 5, and $4 for any other result

b.

GAME 2: $8 for a 6, $7 for a 4 or 5, and $4 for any other result

c.

GAME 3: $7 for an even number, $3 for a 1, and $6 for a 3 or 5.

d.

Which one would you play?

In this section, we will consider certain situations involving gains or losses. For Example:
1.
What can you expect to win or lose in various games of chance?
2.
What is the value of a $1 ticket in a $1 million lottery?
3.
Should someone who is 18 years old pay $160 for collision damage insurance on his or her
$1500 car?
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Example 1
Let us consider a game in which a die is rolled and you win points from, or lose points to,
another player as follows.
Event
Gain or Loss

Die shows 1, 2, or 3
+10 points

Die Shows 4 or 5
-13 points

Die shows 6
-1 point

Probability
To calculate the _______________ ___________ of this game, you must _____________ each
gain or loss by its probability and then ________ the products.
Expected Value =

Expected Value
The expected value of 0.5 point means that if you were to play this game many times, your average gain
per game would be 0.5 point. The other player would expect to lose 0.5 per game.
In general, if a situation involves various payoffs (gains or losses of points, money, time, and so on), then
its expected value is calculated as follows.
Payoff
𝑥1
𝑥2
𝑥3
𝑥𝑛
Probability
𝑃(𝑥1 )
𝑃(𝑥2 )
𝑃(𝑥3 )
𝑃(𝑥𝑛 )
Expected value:
If the expected value of a game is 0, then the game is called a ________ game.

Example 2:
If the sum of two rolled dice is 8 or more, you win $2; if not, you lose $1.
a.

Show that this is not a fair game.

b.

To have a fair game, the $2
winnings should instead be what
amount?
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Example 3:
In a certain state’s lottery, six numbers are randomly chosen without repetition from the
numbers 1 to 40. If you correctly pick all 6 numbers, only 5 of the 6, or only 4 of the 6, then
you win $1 million, $1000, or $100, respectively. What is the value of a $1 lottery ticket?

Example 4:
An 18-year-old student must decide whether to spend $160 for one year’s car collision
damage insurance. The insurance carries a $100 deductible, which means that when the
student files a damage claim, the student must pay $100 of the damage amount, with the
insurance company paying the rest (up to the value of the car). Because the car is only worth
$1500, the student consults with an insurance agent who draws up a table of possible damage
amounts and their probabilities based on the driving records for 18-year-olds in the region.
Event
Accident costing Accident costing Accident costing
No accident
$1500
$1000
$500
Payoff
$1400
$900
$400
$0
Probability
0.05
0.02
0.03
0.90
a.

What is the expected value of the insurance?
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Example 5
Players A and B are playing a game in which A wins a point every time a coin lands “heads” and
B wins a point every time the coin lands “tails.” (No points are lost by either player.) The first
person to reach 3 points wins $100. If A currently has 2 points and B has 1 point, what is A’s
expected gain? (Hint: Make a tree diagram showing the ways in which the game can be
finished. From the diagram, determine the probability that A wins.)

Example 6: Independent work *
Find the expected value
a.

b.

Example 7: Independent work *
Decide if each game is a fair game. If not, state which player has the advantage.
a.

A die is rolled. If the number that shows is odd, player A wins $1 from player B. If it is a
6, A wins $2 from B. Otherwise B wins $3 from A.

b.

Two dice are rolled. If the sum is 6, 7, or 8, player A wins $5 from player B. Otherwise B
wins $4 from A
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Example 8: Independent work **
Suppose you play a game in which you make a bet and then draw a card from a well-shuffled
deck that includes the standard 52 cards as well as 2 jokers. If you draw a joker, you keep your
bet and win $5; if you draw a face card, you keep your bet and win $2; and if you draw any
other card, you lose your bet. What is your expected gain or loss on this game if your bet is
$1?

Example 9: Independent work **
On a multiple-choice test, a student is given five possible answers for each question. The
1
student receives 1 point for a correct answer and loses 4 point for an incorrect answer. If the
student has no idea of the correct answer for a particular question and merely guesses, what is
the student’s expected gain or loss on the question?

Example 10: Independent work **
A box contains 3 red balls and 2 green balls. Two balls are randomly chosen without
replacement. If both are green, you win $2. If just one is green, you win $1. Otherwise you
lose $1. What is your expected gain or loss?
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Example 11: Independent work **
A dairy farmer estimates that next year the farm’s cows will produce about 25,000 gallons of
milk. Because of variation in the market price of milk and the cost of feeding the cows, the
profit per gallon may vary with the probabilities given in the table below. Estimate the profit
on the 25,000 gallons.
Gain per gallon $1.10 $.90
$.70
$.40
$.00
-$.10
Probability
0.30
0.38
0.20
0.06
0.04
0.02

Example 12: Independent work **
A construction company wants to submit a bid for remodeling a school. The research and
planning needed to make the bid cost $4000. If the bid is accepted, the company would make
$26,000. Would you advise the company to spend the $4000 if the bid has only a 20%
probability of being accepted? Explain your reasoning.

Example 13: Independent work **
A lottery has one $1000 prize, five $100 prizes, and twenty $10 prizes. What is the expected
gain from buying one of the 2000 tickets sold for $1 each?
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