
If The First Urn Has 2 Blue Balls And
8 Red Balls, The Second Urn Has 5 Blue
Balls And 5 Red Balls, And
If The First Urn Has 2 Blue Balls And 8 Red Balls, The Second Urn Has 5 Blue
Balls And 5 Red Balls, And understanding the probability of drawing specific
combinations of balls from these urns is essential for solving various
problems in probability theory and statistics. These types of problems are
common in educational settings, competitive exams, and real-world decision-
making scenarios involving randomness and chance. In this comprehensive
guide, we will explore the concepts, calculations, and applications related
to drawing balls from two urns with different compositions, focusing on
probabilities, expected values, and problem-solving strategies.

---

Understanding the Problem Context

Before delving into calculations, it’s crucial to understand the problem
setup, the nature of urns, and the significance of the different ball counts.

Urn Composition
- First urn: 2 Blue Balls, 8 Red Balls
- Second urn: 5 Blue Balls, 5 Red Balls

Total balls:
- First urn: 10 balls
- Second urn: 10 balls

The problem typically involves drawing balls from these urns and analyzing
the outcomes.

Types of Questions Addressed
- Probability of drawing a blue or red ball from a single urn
- Probability of drawing specific combinations (e.g., both blue, one blue and
one red)
- Conditional probabilities based on previous draws
- Expected values and mean number of blue or red balls
- Comparing probabilities across the two urns

---



Basic Probability Concepts with Urn Problems

Understanding the fundamental probability principles is essential before
tackling complex questions.

Probability of a Single Draw
The probability of drawing a particular color from an urn is calculated as:

\[
P(\text{color}) = \frac{\text{Number of balls of that color}}{\text{Total
number of balls in the urn}}
\]

For example:
- Probability of drawing a blue ball from the first urn:

\[
P_{1}(\text{Blue}) = \frac{2}{10} = 0.2
\]

- Probability of drawing a red ball from the second urn:

\[
P_{2}(\text{Red}) = \frac{5}{10} = 0.5
\]

Multiple Draws and Replacement
The probability calculations vary depending on whether the balls are drawn
with or without replacement:
- With replacement: The composition of the urn remains unchanged after each
draw.
- Without replacement: The composition changes after each draw, affecting
subsequent probabilities.

---

Calculating Probabilities for Different
Scenarios

Let’s explore common probability scenarios involving these urns.



1. Probability of Drawing a Blue Ball from the First
Urn
\[
P(\text{Blue from Urn 1}) = \frac{2}{10} = 0.2
\]

2. Probability of Drawing a Red Ball from the Second
Urn
\[
P(\text{Red from Urn 2}) = \frac{5}{10} = 0.5
\]

3. Probability of Drawing a Blue Ball from Both Urns
Assuming independent draws:
\[
P(\text{Blue from Urn 1 and Blue from Urn 2}) = P_{1}(\text{Blue}) \times
P_{2}(\text{Blue}) = 0.2 \times 0.5 = 0.1
\]

4. Probability of Drawing a Red Ball from Urn 1 and
a Blue Ball from Urn 2
\[
P = P_{1}(\text{Red}) \times P_{2}(\text{Blue}) = \left(\frac{8}{10}\right)
\times \left(\frac{5}{10}\right) = 0.8 \times 0.5 = 0.4
\]

5. Probability of Drawing at Least One Blue Ball
This involves calculating the complement of drawing no blue balls:

- No blue ball from Urn 1: drawing red (probability 0.8)
- No blue ball from Urn 2: drawing red (probability 0.5)

Thus:
\[
P(\text{no blue balls}) = 0.8 \times 0.5 = 0.4
\]
\[
P(\text{at least one blue}) = 1 - 0.4 = 0.6
\]

---



Expected Values and Averages

Expected values provide insights into the average outcome over many trials.

Expected Number of Blue Balls
- From Urn 1:

\[
E_{1}(\text{Blue}) = \text{Number of blue balls} \times P(\text{Blue}) = 2
\times 0.2 = 0.4
\]
- From Urn 2:

\[
E_{2}(\text{Blue}) = 5 \times 0.5 = 2.5
\]
- Total expected blue balls when drawing one ball from each urn:

\[
E_{\text{total}} = E_{1} + E_{2} = 0.4 + 2.5 = 2.9
\]

Expected Number of Red Balls
- From Urn 1:

\[
E_{1}(\text{Red}) = 8 \times 0.8 = 6.4
\]
- From Urn 2:

\[
E_{2}(\text{Red}) = 5 \times 0.5 = 2.5
\]
- Total expected red balls:

\[
E_{\text{total}} = 6.4 + 2.5 = 8.9
\]

---

Advanced Probability Calculations

Moving beyond basic probabilities, more advanced questions involve



conditional probability, multiple draws, and combinations.

Conditional Probability
Example: If a blue ball is drawn from the first urn, what is the probability
that the second urn's ball is also blue?

Since draws are independent:
\[
P(\text{Second urn blue} \mid \text{First urn blue}) = P_{2}(\text{Blue}) =
0.5
\]

However, if the problem states that the first draw is not replaced or affects
the second, conditional probabilities need to be recalculated considering the
updated composition.

Multiple Draws Without Replacement
Suppose you draw two balls from the first urn without replacement:
- Probability both balls are blue:

\[
P(\text{both blue}) = \frac{2}{10} \times \frac{1}{9} = \frac{2}{10} \times
\frac{1}{9} = \frac{2}{90} = \frac{1}{45} \approx 0.0222
\]

Similarly, for red balls:
- Probability both are red:

\[
P(\text{both red}) = \frac{8}{10} \times \frac{7}{9} = \frac{56}{90} \approx
0.6222
\]

---

Applications of Urn Probabilities

Understanding these probabilities has practical applications across various
fields.

1. Statistical Sampling
Urn problems model sampling processes, especially with finite populations
where sampling without replacement is common.



2. Quality Control
In manufacturing, the probability of defective items (analogous to red balls)
can be modeled using urn concepts.

3. Risk Assessment
Calculating the likelihood of specific outcomes helps in risk management,
such as predicting failures or successes in systems.

4. Game Theory and Decision Making
Players often calculate probabilities to inform strategies, especially in
games involving chance.

---

Strategies for Solving Urn Problems

To effectively solve urn-related probability problems, consider the following
strategies:

Step 1: Identify the Total Number of Balls and
Composition
- Count the total balls in each urn
- Determine the number of favorable outcomes

Step 2: Define the Event Clearly
- Is it drawing a specific color?
- Are multiple draws involved?
- Are the draws with or without replacement?

Step 3: Choose the Appropriate Probability Model
- Independent or dependent events
- Replacement or no replacement

Step 4: Write the Probability Expressions
- Use basic probability formulas
- For combined events, apply multiplication or addition rules



Step 5: Calculate and Interpret Results
- Perform calculations carefully
- Interpret the probabilities in context

---

Conclusion

The problem involving two urns with different compositions—where the first
has 2 blue and 8 red balls, and the second has 5 blue and 5 red balls—serves
as a foundational example in understanding probability theory. By analyzing
simple and complex scenarios, calculating expected values, and applying
conditional probabilities, learners and practitioners can develop a robust
understanding of randomness and chance. These concepts extend beyond
theoretical exercises to practical applications in

Frequently Asked Questions

What is the probability of drawing a blue ball from
the first urn?
The probability is 2 out of 10, which simplifies to 1/5 or 20%.

What is the probability of drawing a red ball from
the second urn?
The probability is 5 out of 10, which simplifies to 1/2 or 50%.

If one ball is drawn from each urn, what is the
probability both are blue?
The probability is (2/10) (5/10) = 1/5 1/2 = 1/10 or 10%.

What is the probability that at least one ball is
red when drawing one from each urn?
Calculate the probability that neither is red (both are blue), then subtract
from 1: (2/10)(5/10)=1/10; thus, at least one red probability is 1 - 1/10 =
9/10 or 90%.

If a ball is drawn from each urn, what is the



probability that both are red?
The probability is (8/10) (5/10) = 4/5 1/2 = 2/5 or 40%.

What is the expected number of blue balls in two
draws, one from each urn?
Expected blue balls = (probability of blue from first urn) + (probability of
blue from second urn) = 2/10 + 5/10 = 7/10 or 0.7.

If a ball is drawn from each urn and replaced, what
is the probability both are red?
Since the draws are independent and replacement occurs, the probability
remains (8/10) (5/10) = 4/5 1/2 = 2/5 or 40%.

Additional Resources
Urn Probability Scenario Analysis

---

Introduction

In the realm of probability and statistics, seemingly simple problems often
unfold into rich explorations of chance, decision-making, and mathematical
reasoning. One such intriguing problem involves two urns, each containing a
mixture of differently colored balls, and the analysis of various outcomes
based on random draws. This scenario is not only fundamental in understanding
probability distributions but also serves as a practical foundation for
fields like statistics, operations research, and game theory.

This article provides an in-depth, comprehensive examination of a classic
problem setup: If the first urn has 2 Blue Balls and 8 Red Balls, and the
second urn has 5 Blue Balls and 5 Red Balls. We will explore the
probabilities of different events, the implications of various actions, and
how to interpret the results in a structured, expert manner.

---

The Scenario: Initial Conditions

Before delving into calculations, it's essential to clearly define the
initial state of the problem:

- Urn 1: Contains 2 Blue balls and 8 Red balls, totaling 10 balls.
- Urn 2: Contains 5 Blue balls and 5 Red balls, totaling 10 balls.



The problem typically involves drawing balls from these urns, possibly
transferring balls between urns, or making decisions based on the colors
drawn. Several variations exist, but for clarity, we'll examine common
scenarios.

---

Fundamental Probabilities of Drawing a Ball

Understanding the fundamental probabilities is crucial. Let's compute the
likelihood of drawing a Blue or Red ball from each urn:

Urn 1

- Probability of Blue (from Urn 1):
\[
P(\text{Blue}_1) = \frac{2}{10} = 0.2
\]

- Probability of Red (from Urn 1):
\[
P(\text{Red}_1) = \frac{8}{10} = 0.8
\]

Urn 2

- Probability of Blue (from Urn 2):
\[
P(\text{Blue}_2) = \frac{5}{10} = 0.5
\]

- Probability of Red (from Urn 2):
\[
P(\text{Red}_2) = \frac{5}{10} = 0.5
\]

These probabilities serve as the basis for more complex calculations, such as
joint events, conditional probabilities, and expected values.

---

Common Scenarios and Analysis

In probability problems involving urns, several typical questions arise. We
will analyze some of these, providing detailed calculations and
interpretations.

1. Drawing a Blue Ball from a Randomly Selected Urn

Scenario:
Suppose you select an urn at random (with equal probability) and then draw



one ball from it. What is the probability that the ball drawn is Blue?

Calculation:
- Probability of choosing Urn 1: \(\frac{1}{2}\)
- Probability of choosing Urn 2: \(\frac{1}{2}\)

The total probability of drawing a Blue ball is:

\[
P(\text{Blue}) = P(\text{Urn 1}) \times P(\text{Blue}_1) + P(\text{Urn 2})
\times P(\text{Blue}_2)
\]

\[
P(\text{Blue}) = \frac{1}{2} \times 0.2 + \frac{1}{2} \times 0.5 = 0.1 + 0.25
= 0.35
\]

Interpretation:
There is a 35% chance of drawing a Blue ball when selecting an urn at random
and then drawing a ball.

---

2. Conditional Probability of Urn Given a Blue Ball Was Drawn

Scenario:
Given that a Blue ball was drawn, what is the probability that it came from
Urn 1?

Calculation (Bayes' Theorem):
\[
P(\text{Urn 1} | \text{Blue}) = \frac{P(\text{Blue} | \text{Urn 1}) \times
P(\text{Urn 1})}{P(\text{Blue})}
\]

\[
P(\text{Urn 1} | \text{Blue}) = \frac{0.2 \times 0.5}{0.35} =
\frac{0.1}{0.35} \approx 0.2857
\]

Similarly,

\[
P(\text{Urn 2} | \text{Blue}) = 1 - 0.2857 = 0.7143
\]

Interpretation:
If a Blue ball is drawn, there's approximately a 28.57% chance it came from
Urn 1, and a 71.43% chance it came from Urn 2. This skew reflects the higher
likelihood of Blue balls in Urn 2.



---

Advanced Scenarios: Transfer and Multiple Draws

The problem's richness increases when considering multiple steps, such as
transferring balls between urns or drawing multiple balls sequentially.

3. Transfer of Balls Between Urns

Scenario:
Suppose you randomly select a ball from Urn 1 and transfer it to Urn 2, then
draw a ball from Urn 2. What's the probability that the second ball is Blue?

Step-by-step Analysis:

- Step 1: Draw from Urn 1:

- Probability of Blue: 0.2
- Probability of Red: 0.8

- Step 2: Transfer the drawn ball to Urn 2, updating its composition:

- If Blue was drawn:

- Urn 2 now has 6 Blue and 5 Red.

- If Red was drawn:

- Urn 2 now has 5 Blue and 6 Red.

- Step 3: Draw from Urn 2 after transfer:

- If Blue was transferred:

\[
P(\text{Blue}_2 | \text{Blue transferred}) = \frac{6}{11} \approx 0.5455
\]

- If Red was transferred:

\[
P(\text{Blue}_2 | \text{Red transferred}) = \frac{5}{11} \approx 0.4545
\]

- Step 4: Calculate total probability:

\[
P(\text{Second ball is Blue}) = P(\text{Blue from Urn 1}) \times
P(\text{Blue}_2 | \text{Blue transferred}) + P(\text{Red from Urn 1}) \times
P(\text{Blue}_2 | \text{Red transferred})
\]



\[
= 0.2 \times 0.5455 + 0.8 \times 0.4545 = 0.1091 + 0.3636 = 0.4727
\]

Interpretation:
There is approximately a 47.27% chance that the second ball drawn from Urn 2
is Blue after transferring a ball from Urn 1.

---

Practical Applications and Implications

The detailed analysis of these urn scenarios has real-world analogs across
various domains:

- Quality Control: Sampling and transfer processes in manufacturing lines.
- Data Sampling: Understanding biases in sampling from different populations.
- Game Theory: Designing strategies in games involving chance and decision-
making.
- Risk Assessment: Estimating probabilities in uncertain environments.

The clarity in calculating joint, marginal, and conditional probabilities
enhances decision-making under uncertainty.

---

Extending the Scenario: Additional Variations

The initial problem can be extended to include more complex elements:

- Multiple Draws: What is the probability of drawing a specific sequence of
colors?
- Replacement vs. Non-Replacement: How do probabilities change if balls are
replaced after each draw?
- Multiple Transfers: What if balls are transferred multiple times before
drawing?
- Different Selection Probabilities: If one urn is favored over the other in
selection probability.

Each variation requires meticulous recalculations, often involving recursive
probability trees or Markov chains for larger sequences.

---

Conclusion

The seemingly straightforward problem involving two urns with different
compositions of Blue and Red balls opens up a broad landscape of probability
analysis. By systematically calculating basic probabilities, applying Bayes'
theorem, and exploring transfer dynamics, we gain deep insights into chance,
randomness, and decision-making processes.



This problem serves as an excellent pedagogical example and practical
framework for understanding more complex stochastic systems. Whether in
academic research, industrial applications, or strategic game design,
mastering these foundational probability concepts equips analysts and
decision-makers to handle uncertainty confidently.

In essence, understanding the probabilities within this urn scenario not only
sharpens mathematical skills but also enhances our ability to interpret and
navigate the uncertainties inherent in many real-world situations.
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