
CALIFORNIA INSTITUTE OF TECHNOLOGY

Ma 3/103 KC Border
Introduction to Probability and Statistics Winter 2015

Assignment 1: Simple probability calculations

Due Monday, January 12 by 4:00 p.m at 253 Sloan

Instructions: For each exercise please rate its difficulty (on a scale of your
choosing—just explain it), and record how much time you spent on it.

When asked for a probability or an expectation, give both a formula and
an explanation for why you used that formula, and also give a numerical
value when available.

Exercise 1 (30 pts) An urn contains 5 balls numbered 1 through 5. Three balls are
drawn without replacement.

• What is the probability that the largest number drawn will be 4?

• What is the probability that the second largest number drawn will be 3?

• What is the probability that the sum of the numbers drawn will be even?

□

Exercise 2 (30 pts) Contract Bridge is an entertaining game of skill and luck that has
been the ruin of many a poor undergraduate. It is played by two teams of two players
(North and South versus East and West). The cards in a standard 52-card deck are
dealt out secretly so that each player has 13 cards that only he or she sees. After a
round of cryptic communication using a very limited vocabulary, one person, known as
the “declarer,” wins the “contract” and his or her partner becomes the “dummy.” The
dummy lays all of his or her cards on the table, where everyone can see them. The
declarer then makes all the plays for his or her team. Play proceeds by discarding cards
and taking “tricks.” The score depends on both the contract and the number of tricks
taken. The details, while interesting, are not relevant to this question.

For the sake of this question the important thing is that the declarer sees his or her
cards plus the dummy’s, so by the process of elimination he or she knows which 26 cards
his or her opponents have, but does know not how they are split between them into two
hands of 13.

Suppose you are playing bridge and have won the contract. You see that between
you and the dummy you have 7 spades, so the opponents have 6.
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What is the probability that your opponents’ 6 spades are split in the following
fashions:

1. 3–3

2. 4–2 or 2–4

3. 5–1 or 1–5

4. 6–0 or 0–6

□

Exercise 3 (30 pts) Introductory probability courses often assume that a deck of cards
is “well-shuffled.” Usually that means that you should assume that all orderings of the
cards are equally likely. For a 52-card deck there are 52! orderings. This number is about
8 × 1067.

• If every person on the planet were set to work arranging a deck in a given order,
and could do so in one second, about how many lifetimes of the universe would
it take humanity to achieve all possible orderings? (Get within a few orders of
magnitude, don’t worry too much about the age of the universe or the population
of the earth.)

• In contract bridge, the order in which a player receives his or her cards is irrelevant.
How many distinct hands are there for the first player?

• In contract bridge, it does matter who gets which hand. For instance, if player 1
gets 13 spades and player 2 gets 13 clubs, the outcome will likely be different than
if the hands are interchanged. How many distinct “deals” are there for contract
bridge? (Two deals are the same if player i has the same set of cards, i = 1, . . . , 4.)

□

Exercise 4 (30 pts) In 1693 Samuel Pepys1 posed a question to Isaac Newton2 concern-
ing games of chance. Here is a modified version of his question:

In game A I throw 4 dice and win if I get at least 1 ace (an ace is the case
where a face shows a single dot or pip). In game B I throw 8 dice and win
if I get at least 2 aces. In game C I throw 12 dice and win if I get at least 3
aces. In which game are my chances best?

1Samuel Pepys (rhymes with “peeps”) is most noted for the diary he he kept of life in London
during a period (1660–1669) that included the Great Fire of London and the Great Plague of London.
http://en.wikipedia.org/wiki/Samuel_Pepys

2Isaac Newton is least known for being the Master of the Royal Mint, a position he held for about
the last thirty years of his life. http://en.wikipedia.org/wiki/Isaac_Newton

http://en.wikipedia.org/wiki/Samuel_Pepys
http://en.wikipedia.org/wiki/Isaac_Newton
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Newton was unable to convince Pepys of the answer.

1. What is the probability of losing in game A?

2. What are the two mutually exclusive ways to lose game B? What is the probability
of each? What is the probability of losing game B?

3. What are the three mutually exclusive ways to lose game C? What is the probability
of each? What is the probability of losing game C?

4. Which game has the smallest probability of losing (and therefore the largest prob-
ability of winning)?

□


