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Understanding the Problem: Probabilities and Their Relationships

In probability theory, understanding how different events relate to each
other and how to compute combined probabilities is fundamental. Given the
probabilities:

- P(A) = 2/3
- P(B) = 4/5
- P(AnB) = 3/5

the question arises: What is P(AuB)?

This question involves the union of two events A and B, which is the
probability that either A occurs, B occurs, or both occur. To find this
probability, we need to understand the basic concepts and formulas related to
probability, intersection, and union of events.

---

Basic Concepts in Probability

What Are Events and Probabilities?

- Event: A specific outcome or set of outcomes in a probability space.
- Probability (P): A measure between 0 and 1 indicating the likelihood of an
event occurring.

Key Terms

- Union of events (AuB): The event that at least one of the events A or B
occurs.
- Intersection of events (AnB): The event that both A and B occur
simultaneously.

Fundamental Probability Rule

The probability of the union of two events is given by:

\[
P(A \cup B) = P(A) + P(B) - P(A \cap B)
\]



This formula accounts for the fact that when adding P(A) and P(B), the
intersection P(A ∩ B) is counted twice, so it must be subtracted once.

---

Applying the Formula to the Given Data

Given:

- P(A) = 2/3
- P(B) = 4/5
- P(AnB) = 3/5

we can substitute into the union formula:

\[
P(A \cup B) = P(A) + P(B) - P(A \cap B)
\]

which becomes:

\[
P(A \cup B) = \frac{2}{3} + \frac{4}{5} - \frac{3}{5}
\]

---

Step-by-Step Calculation

Step 1: Find a common denominator for the fractions

- For \(\frac{2}{3}\) and \(\frac{4}{5}\):

The least common denominator (LCD) of 3 and 5 is 15.

- Convert \(\frac{2}{3}\) to fifteenths:

\[
\frac{2}{3} = \frac{2 \times 5}{3 \times 5} = \frac{10}{15}
\]

- Convert \(\frac{4}{5}\) to fifteenths:

\[
\frac{4}{5} = \frac{4 \times 3}{5 \times 3} = \frac{12}{15}
\]

- Convert \(\frac{3}{5}\) (for P(AnB)):

\[
\frac{3}{5} = \frac{3 \times 3}{5 \times 3} = \frac{9}{15}



\]

Step 2: Plug in the converted fractions

\[
P(A \cup B) = \frac{10}{15} + \frac{12}{15} - \frac{9}{15} = \frac{10 + 12 -
9}{15} = \frac{13}{15}
\]

Step 3: Final result

\[
\boxed{
P(A \cup B) = \frac{13}{15}
}
\]

Thus, the probability that either event A or event B (or both) occurs is
\(\frac{13}{15}\).

---

Interpreting the Result

What Does \(P(A \cup B) = \frac{13}{15}\) Mean?

- There's an approximately 86.67% chance that at least one of the events A or
B will occur.
- This probability accounts for all outcomes where A occurs, B occurs, or
both occur simultaneously.

Significance of the Calculation

Knowing \(P(A \cup B)\) helps in various real-world scenarios, such as:

- Risk assessments where multiple factors can cause an event.
- Decision-making processes involving multiple conditions.
- Predicting combined outcomes in complex systems.

---

Additional Considerations

Can We Verify the Consistency of the Data?

The given probabilities should satisfy certain logical constraints:

- Since \(P(AnB) \leq P(A)\) and \(P(AnB) \leq P(B)\):

\[
\frac{3}{5} \leq \frac{2}{3} \text{ and } \frac{3}{5} \leq \frac{4}{5}



\]

- Convert all to a common denominator:

\[
\frac{3}{5} = 0.6, \quad \frac{2}{3} \approx 0.666..., \quad \frac{4}{5} =
0.8
\]

- Both inequalities hold:

\[
0.6 \leq 0.666... \quad \text{and} \quad 0.6 \leq 0.8
\]

which confirms the data is consistent.

What if the data were inconsistent?

- If the intersection probability \(P(AnB)\) exceeded either \(P(A)\) or
\(P(B)\), it would be invalid.
- Always check the bounds of probabilities when working with multiple events.

---

Practical Applications of These Probability Calculations

Understanding how to compute combined probabilities has numerous
applications:

1. Medical Testing

- Estimating the probability of at least one positive result when multiple
tests are conducted.

2. Risk Management

- Calculating the likelihood of at least one failure in systems with multiple
components.

3. Marketing and Customer Behavior

- Determining the probability that a customer responds to at least one of
multiple marketing campaigns.

4. Quality Control

- Assessing the chance that a product passes at least one quality check
process.

---



Summary of Key Points

- The union probability \(P(A \cup B)\) is calculated using:

\[
P(A \cup B) = P(A) + P(B) - P(A \cap B)
\]

- Given the data:

\[
P(A) = \frac{2}{3}, \quad P(B) = \frac{4}{5}, \quad P(AnB) = \frac{3}{5}
\]

- The calculated union probability is:

\[
\boxed{
P(A \cup B) = \frac{13}{15}
}
\]

- This indicates an approximately 86.67% chance that either A or B occurs.

---

Final Thoughts

Understanding how to manipulate and interpret probabilities for combined
events is essential for statistical analysis and decision-making. By
mastering the basic formulas and practicing with real data, you can
confidently analyze complex situations involving multiple events.

---

References and Further Reading

- Probability Theory Basics: "Introduction to Probability" by Joseph K.
Blitzstein and Jessica Hwang.
- Conditional Probability and Independence: Khan Academy's Probability and
Statistics Course.
- Applications of Probability: "Probability and Statistics for Engineering
and the Sciences" by Jay L. Devore.

---

Remember: Always verify the logical consistency of your probability data, and
practice applying the formulas to various scenarios to strengthen your
understanding of probability relationships.



Frequently Asked Questions

Given P(A) = 2/3, P(B) = 4/5, and P(A ∩ B) = 3/5,
how do you find P(A ∪ B)?
Use the formula P(A ∪ B) = P(A) + P(B) – P(A ∩ B). Substituting the values:
2/3 + 4/5 – 3/5 = (10/15) + (12/15) – (9/15) = 13/15.

What is the probability of either event A or event B
occurring given the provided data?
P(A ∪ B) = 13/15, which is approximately 0.8667 or 86.67%.

How do the given probabilities reflect the
relationship between events A and B?
Since P(A ∩ B) = 3/5 and P(A) = 2/3, P(B) = 4/5, the events are not mutually
exclusive, and they have a significant overlap, but not complete overlap.

Is the union of A and B more likely than each event
individually based on the given probabilities?
Yes, P(A ∪ B) = 13/15 (~86.67%) is higher than both P(A) = 2/3 (~66.67%) and
P(B) = 4/5 (80%).

Can you verify if the given probabilities are
consistent with the rules of probability?
Yes, since P(A ∩ B) = 3/5 and P(A), P(B) are both greater than or equal to
P(A ∩ B), and P(A ∪ B) calculated as 13/15 is less than or equal to 1, the
probabilities are consistent.

What is the intuitive interpretation of P(A ∪ B) =
13/15 in real-world terms?
There is an approximately 86.67% chance that at least one of the events A or
B occurs, given the probabilities.

If P(A) and P(B) increase, how would that affect P(A
∪ B)?
Generally, increasing P(A) and P(B) would increase P(A ∪ B), assuming P(A ∩
B) remains the same or increases, since P(A ∪ B) = P(A) + P(B) – P(A ∩ B).



What assumptions are made when calculating P(A ∪ B)
with the given data?
The calculation assumes that the probabilities are consistent and that the
events are defined within the same probability space, with P(A ∩ B) correctly
representing their intersection.

How would the calculation change if P(A ∩ B) was
different, say 1/2 instead of 3/5?
The union probability would be P(A ∪ B) = P(A) + P(B) – P(A ∩ B) = 2/3 + 4/5
– 1/2 = (10/15) + (12/15) – (7.15) = 22/15 – 7/15 = 15/15 = 1.0, indicating
certainty that at least one occurs.

Additional Resources
Probability of Union: An In-Depth Analysis of P(A ∪ B) Given P(A), P(B), and
P(A ∩ B)

Understanding the probability of the union of two events is a foundational
concept in probability theory, crucial for both theoretical exploration and
real-world applications. When given specific probabilities such as P(A),
P(B), and P(A ∩ B), determining the probability of the union, P(A ∪ B),
becomes an engaging exercise in applying the basic principles of probability.
In this article, we will thoroughly analyze the problem: If P(A) = 2/3, P(B)
= 4/5, and P(AnB) = 3/5, what is P(A ∪ B)? We will explore the underlying
concepts, step-by-step calculations, implications, and potential pitfalls,
providing a comprehensive understanding suitable for students, educators, and
enthusiasts alike.

---

Understanding the Basics of Probability of
Union

Before delving into the specific problem, it is essential to grasp the core
principle governing the probability of the union of two events. The union,
denoted as P(A ∪ B), represents the probability that either event A occurs,
event B occurs, or both occur simultaneously. The foundational formula for
the union of two events is:

\[ P(A \cup B) = P(A) + P(B) - P(A \cap B) \]

This formula accounts for the potential overlap between A and B, ensuring
that the intersection is not double-counted.



Key Points:
- The sum of individual probabilities might overestimate the union if the
events are not mutually exclusive.
- Subtracting the intersection corrects for double-counting.
- The formula is valid for any events A and B within a probability space.

Implications:
- If A and B are mutually exclusive (i.e., P(A ∩ B) = 0), then P(A ∪ B)
simplifies to P(A) + P(B).
- When events are independent, P(A ∩ B) = P(A) P(B), which simplifies
calculation but is not assumed here.

---

Analyzing the Given Data

Given the problem:

- P(A) = 2/3
- P(B) = 4/5
- P(A ∩ B) = 3/5

Our goal is to find P(A ∪ B).

Step 1: Convert probabilities to a common denominator

While not necessary, for clarity, expressing probabilities with a common
denominator can help verify calculations:

- P(A) = 2/3
- P(B) = 4/5
- P(A ∩ B) = 3/5

Step 2: Applying the union formula

\[ P(A \cup B) = P(A) + P(B) - P(A \cap B) \]

\[ P(A \cup B) = \frac{2}{3} + \frac{4}{5} - \frac{3}{5} \]

Step 3: Find a common denominator

The denominators are 3 and 5; the least common denominator is 15.

- P(A) = 2/3 = 10/15
- P(B) = 4/5 = 12/15
- P(A ∩ B) = 3/5 = 9/15

Step 4: Calculate



\[ P(A \cup B) = \frac{10}{15} + \frac{12}{15} - \frac{9}{15} = \frac{10 + 12
- 9}{15} = \frac{13}{15} \]

Thus, P(A ∪ B) = 13/15.

---

Interpreting the Result: Is It Valid?

The calculated probability P(A ∪ B) = 13/15 (approximately 0.8667) appears
mathematically consistent with the given data. However, to ensure the
validity of these probabilities, we must examine whether the data aligns with
the axioms of probability.

Check for consistency:

- Probabilities must be between 0 and 1. Here, all given probabilities are
within bounds.
- The intersection probability must satisfy:

\[ P(A \cap B) \leq P(A) \quad \text{and} \quad P(A \cap B) \leq P(B) \]

- P(A) = 2/3 ≈ 0.6667
- P(B) = 4/5 = 0.8
- P(A ∩ B) = 3/5 = 0.6

Since 0.6 ≤ 0.6667 and 0.6 ≤ 0.8, the intersection is feasible.

Additional checks:

- The sum P(A) + P(B) = 0.6667 + 0.8 = 1.4667

Since the sum exceeds 1, the events are not mutually exclusive, which aligns
with the presence of an intersection.

- The union probability should be less than or equal to 1: P(A ∪ B) = 13/15 ≈
0.8667, which is valid.

Conclusion: The calculation is consistent with probability axioms and does
not violate any fundamental rules.

---

Implications and Real-World Applications

Understanding how to compute P(A ∪ B) based on given probabilities has



extensive applications in various fields:

1. Risk Analysis and Decision Making
- In financial modeling, probabilities of overlapping risk factors influence
overall risk assessment.
- Calculating combined probabilities helps in determining the likelihood of
at least one favorable outcome.

2. Medical Testing
- When considering multiple diagnostic tests, understanding the probability
that a patient tests positive on at least one test is crucial.
- If P(A) and P(B) are the probabilities of positive results on two different
tests, and P(A ∩ B) is the probability of testing positive on both, the union
gives the overall chance of testing positive on at least one.

3. Engineering and Reliability
- In system design, the probability that at least one component functions
correctly can be derived from individual component reliabilities and their
overlaps.

4. Legal and Policy Decisions
- Assessing the likelihood that one or more of multiple events occurs, such
as failures or violations, supports better policy formulation.

---

Limitations and Caveats

While the calculations seem straightforward, several pitfalls and
considerations must be kept in mind:

1. Dependence of Events
- The calculation assumes data provided are accurate and consistent.
- In real situations, events may be dependent, and assuming independence
without evidence could lead to errors.

2. Data Accuracy
- Probabilities derived from empirical data can be imprecise.
- Small sample sizes or biased data can affect the reliability of the input
probabilities.

3. Boundary Conditions
- Probabilities must always satisfy 0 ≤ P ≤ 1.
- Overlapping probabilities exceeding individual probabilities indicate
potential data inconsistency.

4. Conditional Probabilities
- Sometimes, understanding the conditional probabilities P(A | B) or P(B | A)
provides deeper insights, especially when events are dependent.



---

Conclusion: Final Reflection and Summary

The problem posed—calculating P(A ∪ B) given P(A) = 2/3, P(B) = 4/5, and P(A
∩ B) = 3/5—is a classic illustration of fundamental probability principles.
Through systematic application of the union formula, we find that:

\[ P(A \cup B) = \frac{13}{15} \]

This result confirms that the combined probability of either event A or B
occurring (or both) is approximately 86.67%. The calculation aligns with the
axioms of probability, and the data provided are consistent with real-world
constraints.

Understanding such problems enhances our ability to analyze complex
probabilistic scenarios across various disciplines. Whether in finance,
healthcare, engineering, or policy-making, mastering how to manipulate and
interpret probability data is an invaluable skill. As with any probabilistic
analysis, always ensure data integrity, consider dependencies, and interpret
results within the context of the specific application.

In sum, the probability of the union of two events, given their individual
and intersection probabilities, can be accurately determined using the
foundational formula. This exercise not only reinforces core concepts but
also underscores the importance of precise data interpretation in
probabilistic reasoning.

---

Key Takeaways:
- Use the formula: P(A ∪ B) = P(A) + P(B) - P(A ∩ B).
- Ensure probabilities are within valid bounds.
- Verify consistency of data before drawing conclusions.
- Recognize the importance of context and dependencies in probability
calculations.

By mastering these principles, one can confidently approach a wide array of
probability problems with clarity and precision.
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