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Understanding probability is essential in predicting the likelihood of specific events occurring in various
scenarios. One common experiment involves drawing marbles from a bag, especially when the drawing is
done without replacement. This means once a marble is drawn, it is not put back into the bag before the
second draw, which influences the probabilities involved. In this article, we will explore how to find the
probability for the experiment of drawing two marbles without replacement from a bag containing
different types of marbles, and how various factors such as the composition of the bag and the specific event
of interest affect the calculations.

Understanding the Basic Concepts of Probability in Marble Draws

Before diving into specific calculations, it is important to grasp some foundational concepts that underpin
probability in the context of drawing marbles.

What Is Probability?
Probability measures the likelihood that a particular event will occur, expressed as a number between 0
and 1, where:
- 0 indicates impossibility,
- 1 indicates certainty,
- Values in between represent varying degrees of likelihood.

Experiment of Drawing Marbles Without Replacement
This refers to sequentially drawing marbles from a bag without returning the first marble before drawing
the second. The outcome of the second draw depends on the result of the first, making the events
dependent.



Sample Space and Outcomes
- The sample space is the set of all possible outcomes.
- For drawing two marbles without replacement, each outcome can be represented as an ordered pair
indicating the first and second draws.

Setting Up the Problem: Composition of the Bag

The probability calculations depend heavily on the initial composition of the bag.

Types and Quantities of Marbles
Suppose the bag contains:
- \( R \) red marbles,
- \( B \) blue marbles,
- \( G \) green marbles,
- and possibly others.

Total number of marbles in the bag:
\[
N = R + B + G + \dots
\]

Examples of Different Scenarios
- The bag contains only two colors (say, red and blue).
- The bag contains multiple colors, with varying quantities.
- The quantities are known or unknown.

Knowing these details allows precise calculation of probabilities.

Calculating Probabilities for Drawing Two Marbles Without
Replacement

The main goal is to find the probability of specific events, such as drawing two marbles of the same color,
two different colors, or particular combinations.



General Approach
- First, determine the total number of ways to draw two marbles without replacement:
\[
\text{Total outcomes} = \binom{N}{2}
\]
- Then, calculate the number of favorable outcomes for the event of interest.
- Finally, divide the number of favorable outcomes by the total outcomes to find the probability:
\[
P(\text{event}) = \frac{\text{Number of favorable outcomes}}{\binom{N}{2}}
\]

Calculating Specific Probabilities

1. Probability of Drawing Two Marbles of the Same Color

Suppose you want to find the probability that both drawn marbles are red.

- Number of ways to select 2 red marbles:
\[
\binom{R}{2}
\]
- Total number of ways to select any 2 marbles:
\[
\binom{N}{2}
\]
- Therefore:
\[
P(\text{both red}) = \frac{\binom{R}{2}}{\binom{N}{2}}
\]

Similarly, for blue or green marbles, replace \( R \) with the respective quantities.

2. Probability of Drawing Two Marbles of Different Colors

To find the probability that the two marbles are of different colors, sum the probabilities of all color pairs:

\[
P(\text{different colors}) = 1 - P(\text{both same color})
\]

or explicitly:



\[
P(\text{different colors}) = 1 - \left( \frac{\binom{R}{2} + \binom{B}{2} + \binom{G}{2} +
\dots}{\binom{N}{2}} \right)
\]

3. Probability of Drawing a Specific Color First and Another Specific Color Second

When considering the order, probabilities become dependent:

- Probability that the first marble is red:
\[
P(\text{first red}) = \frac{R}{N}
\]
- After removing one red marble, remaining marbles:
\[
N - 1
\]
- Probability that the second marble is blue:
\[
P(\text{second blue} | \text{first red}) = \frac{B}{N - 1}
\]
- Combined probability:
\[
P(\text{red then blue}) = P(\text{first red}) \times P(\text{second blue} | \text{first red}) = \frac{R}{N}
\times \frac{B}{N - 1}
\]

This approach accounts for the dependence between events due to no replacement.

Applications and Examples of Probability Calculations

Applying these formulas can help solve real-world probability problems involving marbles.

Example 1: Basic Calculation with Known Quantities
Suppose a bag contains:
- 4 red marbles,
- 3 blue marbles,
- 5 green marbles.

Total marbles:



\[
N = 4 + 3 + 5 = 12
\]

Calculate:
- Probability of drawing two red marbles:
\[
P(\text{both red}) = \frac{\binom{4}{2}}{\binom{12}{2}} = \frac{6}{66} = \frac{1}{11}
\]

- Probability of drawing one red and one blue, in any order:
\[
P(\text{red then blue}) + P(\text{blue then red}) = \frac{4}{12} \times \frac{3}{11} + \frac{3}{12} \times
\frac{4}{11} = \frac{12}{132} + \frac{12}{132} = \frac{24}{132} = \frac{2}{11}
\]

Example 2: Calculating for Multiple Events
Find the probability of drawing:
- First, a green marble,
- Then, a blue marble.

Using the dependent probability:
\[
P(\text{green then blue}) = \frac{5}{12} \times \frac{3}{11} = \frac{15}{132} = \frac{5}{44}
\]

Factors Influencing Probability Outcomes

Several factors impact the probability calculations in marble drawing experiments.

1. Composition of the Bag
The number and types of marbles directly influence the likelihoods. Higher quantities of a particular color
increase the chances of drawing that color.

2. Replacement vs. Without Replacement
- Without replacement, events are dependent: the outcome of the first draw affects the second.



- With replacement, each draw is independent, and probabilities remain constant for each draw.

3. Number of Draws
Increasing the number of draws complicates calculations, especially when considering multiple favorable
outcomes.

Extensions and Variations of the Basic Problem

The basic problem can be extended or modified to suit different scenarios.

1. Drawing More Than Two Marbles
Probability calculations can be generalized for drawing \( k \) marbles without replacement.

2. Drawing with Replacement
When marbles are replaced after each draw, the probabilities of each event remain constant.

3. Multiple Events and Conditional Probabilities
More complex questions involve calculating the probability of multiple dependent events occurring in
sequence.

Conclusion: Mastering Probability in Marble Drawing
Experiments

Calculating the probability in the experiment of drawing two marbles without replacement involves
understanding the composition of the bag, the nature of dependent events, and applying combinations and
conditional probabilities. Whether dealing with simple cases like two marbles of the same color or complex
scenarios involving multiple colors and outcomes, these principles provide a solid foundation. By mastering
these calculations, you can accurately predict the likelihood of various events in marble drawing
experiments, which are fundamental in probability theory and practical applications alike.

Remember, precise knowledge of the initial quantities and the specific event of interest is key to accurate
probability determination. Practice with different scenarios enhances understanding and confidence in



solving such problems, making probability an accessible and useful tool in everyday decision-making and
scientific analysis.

Frequently Asked Questions

What is the probability of drawing two red marbles without replacement
from a bag containing 5 red and 7 blue marbles?
The probability is (5/12) (4/11) = 20/132 ≈ 0.1515 or 15.15%.

How do you calculate the probability of drawing one blue and one green
marble without replacement from a bag with 4 blue, 3 green, and 5
yellow marbles?
Calculate the probability of blue then green: (4/12) (3/11) = 12/132. Plus, green then blue: (3/12) (4/11) =
12/132. Total probability = 24/132 = 2/11 ≈ 0.1818 or 18.18%.

If a bag contains 10 marbles with 6 white and 4 black, what is the
probability of drawing two black marbles without replacement?
The probability is (4/10) (3/9) = 12/90 = 2/15 ≈ 0.1333 or 13.33%.

What is the probability of drawing two marbles of the same color without
replacement from a bag containing 3 red, 3 green, and 4 yellow marbles?
Calculate for each color: Red: (3/10)(2/9)=6/90; Green: (3/10)(2/9)=6/90; Yellow: (4/10)(3/9)=12/90. Sum:
(6+6+12)/90=24/90=4/15 ≈ 0.2667 or 26.67%.

In a bag with 8 marbles (5 are blue and 3 are red), what is the probability
of drawing a blue and then a red marble without replacement?
Probability: (5/8) (3/7) = 15/56 ≈ 0.2679 or 26.79%.

How do you find the probability of drawing at least one green marble
when two marbles are drawn without replacement from a bag with 2
green and 8 other marbles?
Calculate the complement: Probability of no green marbles (both are non-green): (8/10) (7/9) = 56/90. Thus,



probability of at least one green = 1 - 56/90 = 34/90 ≈ 0.3778 or 37.78%.

What is the probability of drawing two yellow marbles without
replacement from a bag with 6 yellow and 4 other marbles?
Probability: (6/10) (5/9) = 30/90 = 1/3 ≈ 0.3333 or 33.33%.

If there are 12 marbles in a bag with 4 red, 4 blue, and 4 green, what is
the probability of drawing two marbles of different colors without
replacement?
Calculate total pairs: total combinations = C(12,2)=66. Count same color pairs: red: C(4,2)=6; blue: 6; green: 6;
total same color = 18. Different colors = 66 - 18 = 48. Probability = 48/66 = 8/11 ≈ 0.7272 or 72.72%.

How do you compute the probability of drawing two marbles of a specific
color from a bag containing multiple colors?
Identify the number of marbles of that color, then compute (number of that color/ total marbles) (remaining
marbles of that color / remaining total).

Additional Resources
Find The Probability For The Experiment Of Drawing Two Marbles (without Replacement) From A Bag
Containing

Understanding probability in the context of drawing marbles from a bag is a fundamental concept in
statistics and combinatorics, offering insights into real-world scenarios where outcomes are uncertain. The
experiment of drawing two marbles without replacement is particularly interesting because it introduces
dependencies between events, making the calculations more nuanced than simple independent events.
This comprehensive review delves into the various facets of this problem, including foundational
principles, detailed calculations, variations, and applications.

---

Introduction to Probability and the Marble Drawing Experiment

Probability, at its core, measures the likelihood of an event occurring within a defined set of outcomes.
When dealing with drawing marbles from a bag, the context involves:



- A finite, known set of objects (marbles)
- Random selection (each marble has an equal chance of being drawn)
- Sequential drawing (one after another)
- Without replacement (once a marble is drawn, it is not put back)

This experiment helps illustrate fundamental probability principles, especially the idea of dependent versus
independent events.

---

Understanding the Basic Setup

Suppose a bag contains a total of N marbles, comprised of different colors and types. For simplicity, consider
a scenario where the marbles are categorized into two types:

- Type A: Marbles of one kind (e.g., red)
- Type B: Marbles of another kind (e.g., blue)

Let:

- R = number of red marbles
- B = number of blue marbles
- N = R + B (total number of marbles)

The goal is to find probabilities related to drawing two marbles sequentially without replacement. These
include:

- The probability both marbles are of a certain type
- The probability of drawing one marble of a particular type and then another of a different type
- Other specific combinations

---

Fundamental Probability Concepts Applied to the Experiment

Before diving into calculations, it’s essential to understand the core probability concepts involved:

2.1. Sample Space



The total number of possible outcomes when drawing two marbles without replacement from N marbles:

\[
\text{Total outcomes} = \binom{N}{2} = \frac{N \times (N-1)}{2}
\]

This is because the order of drawing is important; however, if considering ordered outcomes, the total
would be:

\[
N \times (N - 1)
\]

For the purposes of probability calculations, both ordered and unordered outcomes can be relevant,
depending on the question.

2.2. Dependent and Independent Events

- Dependent events: Since marbles are drawn without replacement, the outcome of the first draw affects
the second. The probability of the second draw depends on the first.

- Independent events: Would be applicable if the marbles were replaced after each draw, which is not the
case here.

---

Calculating Probabilities in the Two-Marble Drawing
Experiment

2.1. Probability of Drawing Two Marbles of the Same Type

Suppose we want to find the probability that both marbles are red (Type A):

\[
P(\text{both red}) = \frac{\text{Number of ways to pick 2 red marbles}}{\text{Total number of ways to
pick any 2 marbles}}
\]

\[
P(\text{both red}) = \frac{\binom{R}{2}}{\binom{N}{2}} = \frac{\frac{R(R-1)}{2}}{\frac{N(N-1)}{2}} =
\frac{R(R-1)}{N(N-1)}



\]

Similarly, for both blue:

\[
P(\text{both blue}) = \frac{B(B-1)}{N(N-1)}
\]

2.2. Probability of Drawing One Red and One Blue

This involves two possible sequences:

- Red first, then Blue
- Blue first, then Red

The combined probability:

\[
P(\text{one red, one blue}) = P(\text{red then blue}) + P(\text{blue then red})
\]

Calculations:

\[
P(\text{red then blue}) = \frac{R}{N} \times \frac{B}{N-1}
\]

\[
P(\text{blue then red}) = \frac{B}{N} \times \frac{R}{N-1}
\]

Adding these:

\[
P(\text{one red, one blue}) = \frac{R}{N} \times \frac{B}{N-1} + \frac{B}{N} \times \frac{R}{N-1} = 2
\times \frac{R \times B}{N(N-1)}
\]

2.3. Generalized Approach for Multiple Types

If the bag contains multiple types of marbles beyond just two, similar principles apply. For each specific
event, you calculate combinations based on the counts of each type.



---

Examples and Detailed Calculations

Example 1: Bag with Red and Blue Marbles

Suppose:

- Total marbles, \(N = 20\)
- Red marbles, \(R = 8\)
- Blue marbles, \(B = 12\)

Calculate:

- Probability both marbles are red:

\[
P(\text{both red}) = \frac{\binom{8}{2}}{\binom{20}{2}} = \frac{\frac{8 \times 7}{2}}{\frac{20 \times
19}{2}} = \frac{28}{190} \approx 0.147
\]

- Probability both marbles are blue:

\[
P(\text{both blue}) = \frac{\binom{12}{2}}{\binom{20}{2}} = \frac{\frac{12 \times 11}{2}}{\frac{20 \times
19}{2}} = \frac{66}{190} \approx 0.347
\]

- Probability of one red and one blue:

\[
P(\text{red then blue}) = \frac{8}{20} \times \frac{12}{19} = 0.4 \times 0.6316 \approx 0.253
\]

\[
P(\text{blue then red}) = \frac{12}{20} \times \frac{8}{19} = 0.6 \times 0.421 \approx 0.253
\]

Adding:

\[



P(\text{one red, one blue}) \approx 0.253 + 0.253 = 0.506
\]

Example 2: Probabilities for Specific Combinations

Consider the probability of drawing a red marble first and a blue marble second:

\[
P(\text{red then blue}) = \frac{R}{N} \times \frac{B}{N-1}
\]

In the previous example:

\[
P(\text{red then blue}) = \frac{8}{20} \times \frac{12}{19} = 0.4 \times 0.6316 \approx 0.253
\]

---

Advanced Topics: Conditional Probability and Bayes' Theorem

2.1. Conditional Probability

Conditional probability measures the likelihood of an event given that another event has occurred. For this
experiment:

\[
P(\text{second marble is blue} | \text{first marble is red}) = \frac{\text{Number of blue marbles remaining
after first red is drawn}}{\text{Remaining total marbles}}
\]

Since one red marble is removed:

\[
P = \frac{B}{N - 1}
\]

Similarly:

\[
P(\text{second marble is red} | \text{first marble is red}) = \frac{R - 1}{N - 1}



\]

2.2. Bayes’ Theorem Application

Suppose you observe the color of the first marble and want to update the probability that the second marble
is of a certain color, Bayes’ theorem becomes relevant.

---

Extensions and Variations of the Experiment

2.1. Drawing More Than Two Marbles

The principles extend naturally to drawing more than two marbles. For example, the probability of
drawing k marbles of a particular type:

\[
P(\text{all k are of type A}) = \frac{\binom{R}{k}}{\binom{N}{k}}
\]

2.2. Replacement vs. No Replacement

- With Replacement: Each draw is independent; probabilities remain constant:

\[
P(\text{red}) = \frac{R}{N}
\]

The probability of drawing two reds:

\[
P(\text{both red}) = \left(\frac{R}{N}\right)^2
\]

- Without Replacement: Probabilities depend on previous outcomes, as detailed above.

2.3. Different Scenarios and Real-World Applications

- Quality control (drawing defective items)
- Card games and lotteries
- Sampling in surveys



- Genetic inheritance modeling

---
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