If Two Fair Dice Are Rolled, Find The Probability
That The Sum Of The Dice Is 9, Given That The

Sum Is

If Two Fair Dice Are Rolled, Find The Probability That The Sum Of The Dice Is 9, Given That The Sum
Is is a classic problem in probability theory that often appears in statistical and mathematical contexts. It
showecases the concepts of conditional probability, sample space reduction, and combinatorial analysis.
Understanding how to approach such problems is essential for students, educators, and anyone interested in

the fundamental principles of probability.

In this article, we will explore the problem in depth, starting from the basics of probability, moving
through the calculation of total possible outcomes, and then narrowing down to the specific conditional
probability. We will also examine related concepts, such as the importance of understanding sample spaces,

the role of fairness in dice, and how these principles apply to real-world scenarios.

This comprehensive guide aims to provide clarity and insight into conditional probability problems

involving dice, ensuring you have the tools to solve similar questions independently.

Understanding the Basics of Dice Probabilities

The Nature of Fair Dice

A standard die (singular of dice) is a cube with six faces, numbered from 1 to 6. When the die is fair, each
face has an equal chance of landing face up. The probability of any one face showing up in a single roll is
therefore \(\frac{1}{6}\).

‘When rolling two dice simultaneously, the combined outcomes form a sample space of possible results.

Since each die is independent and has six faces, the total number of possible outcomes is:

\

6 \times 6 = 36

\

This set includes all pairs \((d_1, d_2)\), where \(d_1\) is the result of the first die, and \(d_2\) is the result

of the second die.



Defining the Problem in Terms of Conditional Probability

The problem asks: "If two fair dice are rolled, find the probability that the sum of the dice is 9, given that

the sum is..."

‘While the prompt appears incomplete, the most common and meaningful interpretation is:

"Find the probability that the sum of the dice is 9, given that the sum is at least 7" (or any specific sum).
For the purpose of this article, we will assume the problem is:

"If two fair dice are rolled, find the probability that the sum of the dice is 9, given that the sum is at least 7."

This is a typical conditional probability problem where the condition restricts the sample space to outcomes

where the sum is at least 7.

Understanding Conditional Probability

Conditional probability measures the likelihood of an event occurring given that another event has already

occurred. It is expressed as:

\[
P(A \mid B) = \frac{P(A \cap B)}{P(B)}

\]

where:
- \(A\) is the event of interest (e.g., sum is 9),

- \(B\) is the given condition (e.g., sum is at least 7).

In our case:
- \(A\) = "Sum of the dice is 9",
- \(B\) = "Sum of the dice is at least 7".

The key steps involve:
1. Calculating \(P(A \cap B)\), which simplifies to \(P(A)\) because if the sum is 9, it automatically satisfies



the condition that the sum is at least 7.

2. Calculating \(P(B)\), the probability that the sum of the dice is at least 7.

Step-by-Step Solution

Step 1: List All Outcomes Where the Sum Is 9

Possible pairs \((d_1, d_2)\) where the sum is 9:

| Die 1| Die 2 | Sum |
|-=-mne-- |---mmm-- |------ |
1316191
141519
15419
161319

Total outcomes where the sum is 9: 4

Thus, \(P(\text{sum} = 9) = \frac{4}{36} = \frac{1}{9}\).

Step 2: List All Outcomes Where the Sum Is At Least 7

Sum at least 7 includes sums of 7, 8, 9, 10, 11, and 12.
Let's enumerate the outcomes:

-Sum =7

- (1,6), (2,5), (3,4), (4,3), (5,2), (6,1) = 6 outcomes
-Sum = 8:

-(2,6), (3,5), (4,4), (5,3), (6,2) = 5 outcomes

-Sum =09:

- (3,6), (4,5), (5,4), (6,3) = 4 outcomes (already known)
- Sum = 10:

- (4,6), (5,5), (6,4) = 3 outcomes



-Sum = 11:
- (5,6), (6,5) = 2 outcomes
- Sum = 12:

- (6,6) = 1 outcome

Total outcomes where sum = 7:

\
6+5+4+3+2+1=21

\

Step 3: Calculate the Conditional Probability

Recall:

\

P(\text{sum} = 9 \mid \text{sum} \geq 7) = \frac{P(\text{sum} = 9 \cap \text{sum} \geq 7)}{P(\text{sum}
\geq 7))
\]

Since the event "sum = 9" is a subset of "sum > 7", the numerator simplifies to:

\
P(\text{sum} = 9) = \frac{4}{36}
\

And the denominator:

\

P(\text{sum} \geq 7) = \frac{21}{36}

P(\text{sum} = 9 \mid \text{sum} \geq 7) = \frac{\frac{4}{36} }{\frac{21}{36}} = \frac{4}{21}
\

Final answer:



\[

\boxed{
\frac{4}{21}
)

\]

This indicates that, given the sum is at least 7, the probability that the sum is exactly 9 is \(\frac{4}{21}\).

Additional Considerations and Variations

Different Conditions

The above solution assumes the condition that the sum is at least 7. If the condition changes, for example:
- Given that the sum is 8,
- Given that the sum is less than 11,

- Or any other specific condition,

the sample space and calculations would need adjustment accordingly.

Probability When Sum Is Exactly a Certain Value

If the question were simply: "What is the probability that the sum of two fair dice is 97", then the answer is

straightforward:

\
P(\text{sum} = 9) = \frac{4}{36} = \frac{1}{9}

\

Applications and Real-World Relevance

Understanding probabilities involving dice has widespread applications, including:

- Board games: Calculating chances of specific outcomes.



- Gambling and casinos: Analyzing odds for dice-based betting.
- Statistical modeling: Simulating random events.

- Educational purposes: Teaching fundamental probability concepts.

Furthermore, the principles of conditional probability extend to numerous fields such as finance, medicine,
machine learning, and decision-making processes where outcomes depend on prior events or known

conditions.

Summary and Key Takeaways

- The total number of outcomes when rolling two fair dice is 36.

- Outcomes where the sum equals 9 are 4 in number.

- Outcomes where the sum is at least 7 total 21.

- The probability that the sum is 9 given that the sum is at least 7 is \(\frac{4}{21}\).

- Conditional probability helps update the likelihood of an event based on new information or given
conditions.

- Proper enumeration of outcomes is crucial for accurate probability calculations.

- Such problems reinforce fundamental concepts of combinatorics and probability theory.

Conclusion

The problem of finding the probability that the sum of two dice is 9, given that the sum is at least 7,
exemplifies key principles in conditional probability and combinatorial analysis. Through systematic

enumeration and understanding of sample spaces, complex probabilities become manageable and intuitive.

Mastering these concepts opens the door to understanding more advanced probabilistic models and real-
world applications. Whether in academic settings, gaming, or data analysis, the ability to compute and

interpret conditional probabilities is an invaluable skill.

For students and enthusiasts alike, practicing such problems enhances critical thinking and mathematical

reasoning, laying a strong foundation for further exploration in statistics and probability theory.



Frequently Asked Questions

If two fair dice are rolled, what is the probability that the sum is 9, given
that the sum is at least 77

First, find all sums of two dice that are at least 7: 7, 8, 9, 10, 11, 12. The total outcomes for these sums are 6 +
5+4+3+2+1=21. The outcomes where the sum is 9 are (3,6), (4,5), (5,4), (6,3) — 4 outcomes. Therefore,
the probability is 4/21.

What is the probability that the sum of two fair dice is 9, given that the

total sum is 8 or more?

Possible sums are 8, 9, 10, 11, 12. Outcomes for these sums: 5, 4, 3, 2, 1 respectively, totaling 15 outcomes.
Sum of 9 has 4 outcomes: (3,6), (4,5), (5,4), (6,3). Hence, the probability is 4/15.

In rolling two fair dice, how do you compute the probability that the sum
is 9 given that the total sum is less than 12?

Total outcomes where the sum is less than 12 are all sums except 12, which has 1 outcome (6,6). Total

outcomes are 36 - 1 = 35. Outcomes where the sum is 9 are 4. Therefore, the probability is 4/35.

When two fair dice are rolled, how can you find the probability that

their sum is 9, given that the sum is an odd number?

0Odd sums occur for sums 3, 5, 7, 9, 11. Total outcomes for these sums are 2, 4, 6, 4, 2 respectively, totaling

18. Sum of 9 occurs in 4 outcomes. So, the conditional probability is 4/18 = 2/9.

‘What is the probability that the sum of two fair dice is 9, given that the

first die shows a 3?

If the first die is 3, the second die must be 6 to make the sum 9. Since the second die has 6 equally likely
outcomes, the probability is 1/6.

How do you calculate the probability that the sum of two fair dice is 9,

given that the second die shows a 47

For the sum to be 9 with second die showing 4, the first die must be 5. The probability is 1/6, since the first

die is fair and can be any number from 1 to 6.



Additional Resources

If Two Fair Dice Are Rolled, Find The Probability That The Sum Of The Dice Is 9, Given That The Sum
Is — this statement introduces a classic problem in probability theory, which revolves around conditional
probability and the fundamental principles of combinatorics. Understanding such problems not only
sharpens mathematical skills but also provides insights into real-world scenarios where outcomes depend on
prior information or events. In this comprehensive analysis, we will explore the problem step-by-step,
dissect the underlying concepts, and discuss the broader implications and applications of conditional

probability in dice games and beyond.

Understanding the Problem

At its core, the problem involves two key components:

1. Rolling two fair dice: Each die has six faces numbered from 1 to 6, with equal probability for each face.
2. Conditional probability: We are asked to find the probability that the sum of the two dice equals 9, given
that the sum is some specific value or condition. The phrase "Given That The Sum Is" suggests that the
problem is asking for a conditional probability, where some information about the sum is known
beforehand.

However, the problem statement as provided appears incomplete, as the phrase "Given That The Sum Is"

lacks the specific sum value. For the purpose of this discussion, we will assume the intended question is:
"If two fair dice are rolled, find the probability that the sum of the dice is 9, given that the sum is at least 7."
This assumption allows us to delve into a typical conditional probability scenario. Alternatively, if you have

a different specific sum in mind, such as "given that the sum is 8," the methodology remains similar,

merely adjusting the conditional event.

Basic Concepts in Probability

Before tackling the problem, let's review some fundamental concepts:



Sample Space and Outcomes

- When rolling two dice, each die has 6 faces, leading to a total of \(6 \times 6 = 36\) possible equally likely
outcomes.
- Outcomes are ordered pairs \((d_1, d_2)\), where \(d_1\) and \(d_2\) are the results of the first and second

die, respectively.

Event and Probability

- An event is a subset of outcomes.

- The probability of an event \(A\) is given by:
\

P(A) = \frac{\text{Number of favorable outcomes for }A}{\text{Total outcomes in the sample space}}

\

Conditional Probability

- The probability of event \(A\) given event \(B\) has occurred is:

\[
P(AIB) = \frac{P(A \cap B)}{P(B)}

\

- This measures the likelihood of \(A\) within the context where \(B\) is known to have occurred.

Calculating Probabilities for Dice Sums

Possible Sums and Their Outcomes

Let's enumerate the number of outcomes for each possible sum:

| Sum | Number of Outcomes | Outcomes (examples) |



(2111 (1)

13121(1,2), (21) |
[4131(1.3),(22), B.1) |
[5141(1.4),(23), (3.2), (4.1) |
16151(1,5), (24), (3.3), (42), (5.1) |
[ 7161(1,6), (2,5), (3.4), (4.3), (5,2), (6,1) |
18151(2,6), (355), (44), (5.3), (6,
19141(3,6), (4.5), (5.4), (6,3) |
[10]31(4,6), (5,5), (6:4) |

[ 11121(5,6), (6,5) |

|12 11(6,6) |

Total outcomes sum to 36, distributed among these sums.

Step-by-Step Solution

Assuming the problem is: "If two fair dice are rolled, what is the probability that the sum is 9, given that

the sum is at least 72"

This involves calculating \( P(\text{Sum} = 9 | \text{Sum} \geq 7) \).

Identify the Conditional Event

- Event \(A\): Sum of the dice is 9.
- Event \(B\): Sum of the dice is at least 7.

Using the conditional probability formula:

\[
P(AIB) = \frac{P(A \cap B)}{P(B)}

\

Since \(A\) (sum = 9) inherently satisfies \(B\) (sum \(\geq\) 7), the intersection \(A \cap B\) equals \(A\).

Therefore,



P(\text{sum} = 9 | \text{sum} \geq 7) = \frac{P(\text{sum} = 9){P(\text{sum} \geq 7)}

\

Calculate \(P(\text{sum} = 9)\)

Number of outcomes where sum is 9: 4 (from the table above).

\
P(\text{sum} = 9) = \frac{4}{36} = \frac{1}{9}

\

Calculate \(P(\text{sum} \geq 7)\)

Sum outcomes for 7 and above:

- Sum = 7: 6 outcomes
- Sum = 8: 5 outcomes
- Sum = 9: 4 outcomes
- Sum = 10: 3 outcomes
- Sum = 11: 2 outcomes

- Sum = 12: 1 outcome

Total outcomes with sum \(\geq 7\):

\

6+5+4+3+2+1=21

P(\text{sum} \geq 7) = \frac{21}{36} = \frac{7}{12}
\



Compute the Conditional Probability

Putting it all together:

\[

P(\text{sum} = 9 | \text{sum} \geq 7) = \frac{\frac{4}{36} }{\frac{21}{36}} = \frac{4/36}{21/36} =
\frac{4}{21}

\]

Final Answer:

\[

\boxed{

P(\text{sum} = 9 | \text{sum} \geq 7) = \frac{4}{21}
}

\]

Broader Context and Variations

This problem exemplifies the importance of conditional probability in understanding how prior information

influences the likelihood of an event. Variations of this problem include:

- Given a specific sum: e.g., "What is the probability that the sum is 9 given that the sum is 87"

- Given the outcome of one die: e.g., "What is the probability that the sum is 9 given that the first die
shows 47"

- Different conditional events: e.g., "Given that the sum is even," or "Given that at least one die shows 3."

Each variation involves similar steps: identifying relevant outcomes, calculating probabilities, and applying

the conditional probability formula.

Features, Pros, and Cons of the Approach

Features:

- Based on fundamental combinatorics and probability principles.



- Utilizes enumeration of outcomes for clarity.

- Demonstrates practical applications of conditional probability.

Pros:

- Simple to understand and implement for small sample spaces.

- Clearly illustrates how prior information affects probability calculations.

- Can be extended to more complex scenarios with larger sample spaces.

Cons:

- Becomes cumbersome with larger sample spaces, requiring more advanced techniques.

- Assumes equal likelihood of all outcomes, which may not hold in real-world biased scenarios.

- Relies on enumeration, which is less feasible for complex distributions.

Applications Beyond Dice Games

Conditional probability calculations similar to this example are vital in various fields:

- Statistics and Data Analysis: Updating probabilities based on new data.
- Gaming and Gambling: Calculating odds based on previous outcomes.
- Risk Assessment: Determining likelihoods conditioned on certain events.
- Artificial Intelligence: Probabilistic reasoning and Bayesian inference.

- Quality Control: Estimating defect probabilities given certain test results.

Conclusion

The problem of finding the probability that the sum of two fair dice is 9, given some prior condition,

showecases the core principles of probability theory. By methodically enumer
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