
fifty challenging problems in
probability with solutions
Fifty challenging problems in probability with solutions can significantly
enhance your understanding of this fascinating field. Probability is a
crucial branch of mathematics that deals with the likelihood of events
occurring. Tackling challenging problems not only sharpens your analytical
skills but also prepares you for real-world applications. In this article, we
will explore fifty intriguing problems in probability, providing solutions
that will help you grasp complex concepts more effectively.

Understanding Probability

Before diving into the challenging problems, it’s essential to grasp the
basics of probability. Probability measures how likely an event is to occur,
ranging from 0 (impossible event) to 1 (certain event). It is calculated
using the formula:

\[
P(E) = \frac{\text{Number of favorable outcomes}}{\text{Total number of
outcomes}}
\]

In this article, we will explore fifty problems categorized into various
topics such as basic probability, conditional probability, combinatorial
probability, and more.

Basic Probability Problems

Problem 1: Coin Toss

You toss a fair coin three times. What is the probability of getting exactly
two heads?

Solution: The total outcomes are \(2^3 = 8\). The favorable outcomes for
exactly two heads are HHT, HTH, and THH. Therefore,

\[
P(\text{exactly 2 heads}) = \frac{3}{8}
\]



Problem 2: Dice Roll

What is the probability of rolling a sum of 7 with two six-sided dice?

Solution: The total outcomes are \(6 \times 6 = 36\). The favorable
combinations are (1,6), (2,5), (3,4), (4,3), (5,2), and (6,1), totaling 6.
Thus,

\[
P(\text{sum of 7}) = \frac{6}{36} = \frac{1}{6}
\]

Problem 3: Drawing Cards

What is the probability of drawing an Ace from a standard deck of 52 cards?

Solution: There are 4 Aces in a deck of 52 cards. Therefore,

\[
P(\text{drawing an Ace}) = \frac{4}{52} = \frac{1}{13}
\]

Problem 4: Urn Problem

An urn contains 3 red and 2 blue balls. What is the probability of drawing a
red ball?

Solution: The total number of balls is 5. So,

\[
P(\text{red ball}) = \frac{3}{5}
\]

Problem 5: Weather Forecast

If the probability of rain tomorrow is 0.3, what is the probability that it
will not rain?

Solution:

\[
P(\text{not rain}) = 1 - P(\text{rain}) = 1 - 0.3 = 0.7
\]



Conditional Probability Problems

Problem 6: Conditional Probability

If a card is drawn from a standard deck of cards, what is the probability
that it is a King given that it is a face card?

Solution: There are 3 Kings and 12 face cards (Jacks, Queens, Kings). Thus,

\[
P(\text{King | face card}) = \frac{3}{12} = \frac{1}{4}
\]

Problem 7: Two Dice

What is the probability of rolling a 3 on the first die given that the sum of
two dice is 5?

Solution: The possible combinations for a sum of 5 are (1,4), (2,3), (3,2),
(4,1), which gives us 4 outcomes. The favorable outcome for the first die
being 3 is (3,2). Therefore,

\[
P(\text{3 on first die | sum is 5}) = \frac{1}{4}
\]

Problem 8: Medical Test

If a medical test has a 90% accuracy rate and a patient tests positive, what
is the probability they actually have the disease if the disease prevalence
is 1%?

Solution: Using Bayes' theorem,

\[
P(\text{Disease | Positive}) = \frac{P(\text{Positive | Disease}) \cdot
P(\text{Disease})}{P(\text{Positive})}
\]

Calculating \(P(\text{Positive})\) involves considering both true positives
and false positives.



Problem 9: Urn with Replacement

An urn contains 4 red and 6 white balls. If you draw two balls with
replacement, what is the probability that both are red?

Solution:

\[
P(\text{both red}) = P(\text{red}) \cdot P(\text{red}) =
\left(\frac{4}{10}\right) \cdot \left(\frac{4}{10}\right) = \frac{16}{100} =
\frac{4}{25}
\]

Problem 10: Reliability

If a machine has a 99% chance of working correctly, what is the probability
that it fails at least once in 10 trials?

Solution:

\[
P(\text{at least one failure}) = 1 - P(\text{no failures in 10 trials}) = 1 -
(0.99)^{10} \approx 0.0956
\]

Combinatorial Probability Problems

Problem 11: Lottery

In a lottery where you choose 6 numbers from 49, what is the probability of
winning if you have the correct numbers?

Solution: The total combinations are given by \(C(49,6)\).

\[
P(\text{winning}) = \frac{1}{C(49,6)} = \frac{1}{13983816}
\]

Problem 12: Committee Selection

From a group of 10 people, how many ways can you form a committee of 4?



Solution:

\[
\text{Ways} = C(10,4) = \frac{10!}{4!(10-4)!} = 210
\]

Problem 13: Arranging Letters

How many different ways can the letters of the word "PROBABILITY" be
arranged?

Solution:

\[
\text{Ways} = \frac{11!}{2!} = 19958400 \text{ (considering 'B' appears
twice)}
\]

Problem 14: Flipping Coins

If you flip 5 coins, how many different outcomes result in exactly 2 heads?

Solution:

\[
\text{Ways} = C(5,2) = 10
\]

Problem 15: Handshake Problem

If 10 people meet and each person shakes hands with every other person, how
many handshakes occur?

Solution:

\[
\text{Handshakes} = C(10,2) = 45
\]

Advanced Probability Problems



Problem 16: Infinite Series

What is the probability of rolling a 6 on a fair die at least once in 6
rolls?

Solution:

\[
P(\text{at least one 6}) = 1 - P(\text{no 6 in 6 rolls}) = 1 -
\left(\frac{5}{6}\right)^6 \approx 0.6651
\]

Problem 17: Birthday Paradox

In a group of 23 people, what is the probability that at least two share the
same birthday?

Solution:

\[
P(\text{at least one shared birthday}) = 1 - P(\text{no shared birthdays})
\approx 0.5073
\]

Problem 18: Monty Hall Problem

In the Monty Hall problem, if you initially choose one of three doors, what
is the probability of winning a car if you switch doors after one non-winning
door is revealed?

Solution:

\[
P(\text{winning by switching}) = \frac{2}{3}
\]

Problem 19: Random Walk

If a drunkard takes 10 steps, each with equal probability of moving left or
right, what is the probability he ends up at the starting point?

Solution: The number of ways to return to the starting point after 10 steps
is given by \(C(10,5)\).

\[



P(\text{return}) = \frac{C(10,5)}{2^{10}} = \frac{252}{1024} \approx 0.2461
\]

Problem 20: Poisson Distribution

If the average number of emails a person receives in an hour is 2, what is
the probability they receive exactly 3 emails in that hour?

Solution:

\[
P(X=3) = \frac{e^{-2} \cdot

Frequently Asked Questions

What is the main focus of 'Fifty Challenging
Problems in Probability'?
The book primarily focuses on presenting a variety of complex problems that
require a deep understanding of probability theory and its applications.

Who are the authors of 'Fifty Challenging Problems
in Probability'?
The book is authored by Frederick Mosteller and his colleagues, who aimed to
enhance problem-solving skills in probability.

What level of mathematical knowledge is required to
solve the problems in this book?
A solid understanding of undergraduate-level probability theory and
mathematical reasoning is essential to tackle the problems effectively.

How are the problems in the book categorized?
The problems are categorized by their difficulty level, ranging from basic
concepts to more advanced challenges in probability.

Are the solutions provided in the book detailed and
comprehensive?
Yes, the solutions are detailed and comprehensive, often including step-by-
step explanations to help readers understand the reasoning behind each
answer.



Can 'Fifty Challenging Problems in Probability' be
used as a textbook for a course?
While it is not a traditional textbook, it can be used as supplementary
material for courses in probability and statistics, especially for advanced
students.

What types of problems can one expect to find in the
book?
The book contains a variety of problems, including those related to random
variables, distributions, combinatorial probability, and conditional
probability.

Is prior experience with statistics necessary to
understand the content of the book?
While prior experience with statistics can be helpful, it is not strictly
necessary; a strong foundation in probability is more critical.

How can 'Fifty Challenging Problems in Probability'
benefit students and professionals?
It helps improve problem-solving skills, enhances critical thinking, and
provides practical applications of probability theory in real-world
scenarios.

Where can one find 'Fifty Challenging Problems in
Probability' for purchase?
The book can be found at major online retailers, academic bookstores, and
libraries, often in both physical and digital formats.
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