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Introduction

In the world of card games, understanding probabilities can significantly influence strategies and
outcomes. Whether you're a casual player or a seasoned gambler, grasping how to compute the
likelihood of specific hands is essential. One common scenario involves dealing five cards from a
standard, well-shuffled deck and determining the probability that the hand contains a particular
combination, such as a pair, three of a kind, flush, or straight. This article delves into the
mathematical foundations of such probabilities, focusing specifically on the chance that a five-card
hand contains a specific feature or combination.

In this context, we explore the problem: Five cards are dealt from a shuffled deck. What is the
probability that the dealt hand contains a specific structure? We will analyze various hand types,
including the likelihood of obtaining exactly one pair, three of a kind, a straight, a flush, and other
notable poker hands. This comprehensive guide aims to enhance your understanding of
combinatorial probability in card games, supported by detailed calculations and explanations.

Understanding the Basics of Card Probabilities

Before diving into specific cases, it’s essential to understand some foundational concepts related to
probabilities in card hands:

- Standard Deck Composition: A standard deck contains 52 cards divided into 4 suits (hearts,
diamonds, clubs, spades), each with 13 ranks (Ace through King).

- Number of Possible 5-Card Hands: The total number of ways to deal 5 cards from a 52-card deck is
given by the combination:

\[
\binom{52}{5} = \frac{52!}{5! \times 47!} = 2,598,960
\]

This is the total sample space for all possible 5-card hands.

- Probabilities as Ratios: The probability of a particular hand type is the number of favorable hands
divided by the total number of possible hands.

Next, we explore specific hand types and their probabilities.

Analyzing Specific Hand Types and Their Probabilities



1. Probability of Exactly One Pair

A pair in poker is a hand where two cards share the same rank, and the remaining three cards are of
different ranks, none matching the pair or each other, and not forming other combinations like three
of a kind or a full house.

Counting the Number of Hands with Exactly One Pair

To compute this, follow these steps:

1. Choose the rank of the pair:

\[
\binom{13}{1} = 13
\]

2. Choose 2 suits for the pair:

\[
\binom{4}{2} = 6
\]

3. Choose 3 other ranks, all different and not matching the pair:

\[
\binom{12}{3} = 220
\]

4. For each of these 3 ranks, choose 1 suit (since they are singles):

\[
4 \times 4 \times 4 = 4^3 = 64
\]

5. Combine all these choices:

\[
\text{Favorable hands} = 13 \times 6 \times 220 \times 64
\]

\[
= 13 \times 6 \times 220 \times 64 = 13 \times 6 \times 14,080 = 13 \times 84,480 = 1,098,240
\]

Calculate the Probability



\[
P(\text{exactly one pair}) = \frac{1,098,240}{2,598,960} \approx 0.422569
\]

Thus, the probability of being dealt exactly one pair in a 5-card hand is approximately 42.26%.

2. Probability of Three of a Kind

A three of a kind hand contains three cards of the same rank, plus two other cards of different,
unmatched ranks.

Counting the Number of Hands with Three of a Kind

1. Choose the rank for the triplet:

\[
\binom{13}{1} = 13
\]

2. Choose 3 suits for this rank:

\[
\binom{4}{3} = 4
\]

3. Choose 2 other ranks, different from each other and the triplet:

\[
\binom{12}{2} = 66
\]

4. For each of these two ranks, choose 1 suit:

\[
4 \times 4 = 16
\]

5. Total favorable hands:

\[
13 \times 4 \times 66 \times 16 = 13 \times 4 \times 66 \times 16
\]

\[
13 \times 4 = 52
\]



\[
66 \times 16 = 1,056
\]

\[
\text{Total} = 52 \times 1,056 = 54,912
\]

Calculate the Probability

\[
P(\text{three of a kind}) = \frac{54,912}{2,598,960} \approx 0.021128
\]

Therefore, the probability of being dealt exactly three of a kind is approximately 2.11%.

3. Probability of a Straight

A straight consists of five cards with consecutive ranks, regardless of suits, but excluding hands that
qualify as other higher-ranking hands like flushes or straight flushes.

Counting the Number of Straights

1. Determine the possible sequences of ranks:

There are 10 possible sequences for 5 consecutive ranks:

- A-2-3-4-5
- 2-3-4-5-6
- 3-4-5-6-7
- 4-5-6-7-8
- 5-6-7-8-9
- 6-7-8-9-10
- 7-8-9-10-J
- 8-9-10-J-Q
- 9-10-J-Q-K
- 10-J-Q-K-A

2. For each sequence, count the number of ways to choose suits:

- Since suits are independent, for each rank, any of the 4 suits can be chosen, giving \(4^5 = 1024\)
combinations per sequence.

3. Exclude straight flushes:



- Straight flushes are counted separately; since the question asks for any straight, they are included
here unless specified otherwise.

4. Total number of straight hands:

\[
\text{Total} = 10 \times 1024 = 10,240
\]

Note: To count only non-flush straights, subtract the straight flushes (which are 10, for each
sequence, only 1 suit per sequence), but in general, the total is 10,240.

Calculate the Probability

\[
P(\text{straight}) = \frac{10,240}{2,598,960} \approx 0.00394
\]

Approximately 0.394% chance of being dealt a straight.

4. Probability of a Flush

A flush consists of five cards all of the same suit, not forming a straight flush.

Counting the Number of Flush Hands

1. Choose the suit:

\[
\binom{4}{1} = 4
\]

2. Choose 5 cards from the 13 cards in that suit:

\[
\binom{13}{5} = 1287
\]

3. Exclude straight flushes:

- There are 10 possible straight flushes (one for each sequence), so subtract these if counting only
flushes that are not straight flushes.

4. Total flushes (excluding straight flushes):



\[
4 \times (1287 - 10) = 4 \times 1277 = 5108
\]

Calculate the Probability

\[
P(\text{flush}) = \frac{5108}{2,598,960} \approx 0.001964
\]

Approximately 0.196% chance of being dealt a flush that is not a straight flush.

5. Probability of a Full House

A full house consists of three cards of one rank and two cards of another rank.

Counting the Number of Full House Hands

1. Choose the rank for the triplet:

\[
\binom{13}{1} = 13
\]

2. Choose 3 suits

Frequently Asked Questions

What is the probability of being dealt exactly one pair in a
five-card hand from a standard deck?
The probability of exactly one pair is approximately 42.3%. It is calculated by counting the number
of hands with exactly one pair divided by the total number of 5-card hands, which is 2,598,960.

How do you compute the probability of getting exactly three of
a kind in a five-card hand?
The probability involves selecting the rank for the three of a kind, choosing 3 suits for that rank,
selecting two other distinct ranks for the remaining two cards, each with one suit, and then dividing
by the total number of hands. The probability is roughly 2.11%.



What is the probability of being dealt exactly a flush (five
cards of the same suit) but not a straight flush?
The probability of exactly a flush (excluding straight flushes) is approximately 0.197%, calculated by
counting all flush hands minus straight flushes over the total number of hands.

How can I find the probability of getting exactly two pairs in a
five-card hand?
Calculate by choosing two different ranks for the pairs, selecting 2 suits for each pair, and selecting
one card of a different rank for the fifth card, then divide by total hands. The probability is about
4.75%.

What is the probability of being dealt exactly a straight (five
consecutive ranks) in a five-card hand?
The probability of exactly a straight (excluding straight flushes) is approximately 0.3925%, found by
counting all possible straights minus straight flushes divided by total hands.

How do I calculate the probability of getting exactly a full
house in a five-card hand?
Count the number of ways to choose a rank for three of a kind and two suits, plus a different rank for
the pair with two suits, then divide by total hands. The probability is approximately 0.1441%.
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Introduction

Probability theory has long been a cornerstone of mathematical sciences, underpinning everything
from gambling to statistics and decision-making processes. Among its most intriguing applications is
analyzing card hands—an area rich with combinatorial complexity and real-world relevance. When
five cards are dealt from a standard 52-card deck, the question often arises: What is the probability
that the hand contains a specific pattern or configuration? This inquiry can cover a broad
spectrum—from straightforward scenarios like a particular card appearing to more intricate
patterns such as flushes, straights, or full houses.

In this comprehensive review, we delve into the probability calculations concerning five-card hands,
focusing on the likelihood that a dealt hand contains a specific pattern, such as exactly one pair,
three of a kind, or a straight flush. We will explore the foundational principles, combinatorial
methodologies, and nuanced considerations essential to accurately assessing these probabilities.



---

The Fundamentals of Deck and Hand Combinatorics

Before examining specific patterns, it is vital to understand the underpinning combinatorial
framework.

The Standard Deck

A standard deck comprises 52 cards, divided equally among four suits (hearts, diamonds, clubs,
spades). Each suit contains 13 ranks (Ace through King).

Total Number of 5-Card Hands

The total number of different 5-card hands that can be dealt from the deck is given by the
combination formula:

\[
\text{Total Hands} = \binom{52}{5} = 2,598,960
\]

This total forms the denominator in probability calculations, serving as the sample space.

---

Defining the Pattern: What Does "Contains a Specific Pattern" Mean?

The phrase "contains a specific pattern" can be interpreted in various ways:

- Exactly one pair: The hand has one pair of cards of the same rank, with the remaining three cards
of different ranks.
- Three of a kind: Three cards of the same rank.
- Straight: Five sequential ranks, regardless of suits.
- Flush: Five cards of the same suit, not in sequence.
- Full house: Three cards of one rank and two of another.
- Four of a kind: Four cards of the same rank.
- Straight flush: Five sequential cards of the same suit.
- Royal flush: A straight flush from 10 to Ace.

In this article, we focus on calculating the probability that a randomly dealt five-card hand contains
exactly one of these patterns, with particular attention to the "exactly" qualifier—meaning the hand
exhibits the pattern and no other additional patterns (e.g., a hand with a pair that also forms a flush
is typically considered a flush, but for the scope of this analysis, we'll specify the pattern precisely).

---

Calculating Probabilities: Methodology Overview

The general approach involves:

1. Enumerating the favorable outcomes: Count the number of five-card hands that meet the pattern



criteria.
2. Dividing by total possible hands: Use the total number of five-card combinations from the deck.

Mathematically:

\[
\text{Probability} = \frac{\text{Number of favorable hands}}{\binom{52}{5}}
\]

The complexity arises in accurately counting favorable hands, especially when patterns can overlap
or when specific conditions (such as "exactly") are imposed.

---

Case Study 1: Probability of Exactly One Pair

Definitions and Approach

A hand "contains exactly one pair" if:

- Two cards are of the same rank.
- The remaining three cards are of different ranks, none matching the pair's rank.
- The three other cards are all of different ranks from each other and from the pair.

Counting Favorable Hands

1. Choose the rank of the pair: \(\binom{13}{1} = 13\)
2. Select two suits for the pair: \(\binom{4}{2} = 6\)
3. Select three other distinct ranks (excluding the pair's rank): \(\binom{12}{3} = 220\)
4. For each of these three ranks, select one card (since only one card per rank): \( (4)^3 = 64 \)

Putting it all together:

\[
\text{Number of exactly one pair} = 13 \times 6 \times 220 \times 64 = 13 \times 6 \times 220 \times
64
\]

Calculating:

- \(13 \times 6 = 78\)
- \(78 \times 220 = 17,160\)
- \(17,160 \times 64 = 1,098,240\)

Probability:

\[
P(\text{exactly one pair}) = \frac{1,098,240}{2,598,960} \approx 0.4226
\]

This aligns with well-established poker probabilities—roughly a 42.3% chance to be dealt a hand



with exactly one pair.

---

Case Study 2: Probability of a Three of a Kind (Trips)

Counting Favorable Hands

1. Choose the rank for the trips: \(\binom{13}{1} = 13\)
2. Choose 3 suits for the trip: \(\binom{4}{3} = 4\)
3. Choose 2 other cards of different ranks (excluding the trip's rank): \(\binom{12}{2} = 66\)
4. For each of these two ranks, select one card: \(4 \times 4 = 16\)

Total favorable hands:

\[
13 \times 4 \times 66 \times 16 = 13 \times 4 \times 66 \times 16
\]

Calculations:

- \(13 \times 4 = 52\)
- \(52 \times 66 = 3,432\)
- \(3,432 \times 16 = 54,912\)

Probability:

\[
P(\text{three of a kind}) = \frac{54,912}{2,598,960} \approx 0.0211
\]

Approximately a 2.1% chance, consistent with known poker probabilities.

---

Case Study 3: Probability of a Straight (Sequence of Five Ranks)

Definitions and Constraints

- A "straight" consists of five consecutive ranks.
- Ace can be low (A-2-3-4-5) or high (10-J-Q-K-A), but not both simultaneously.
- Suit does not matter; suits can be any.

Counting Favorable Hands

1. Number of possible sequences:

- For Ace-low: A-2-3-4-5
- For Ace-high: 10-J-Q-K-A
- For other sequences: 2 through 10 as starting points



Total sequences:

\[
10 \text{ possible sequences}
\]

2. For each sequence:

- For each of the 5 ranks, select one card (any suit): \(4^5 = 1024\)

Total:

\[
10 \times 1024 = 10,240
\]

Note: This count includes all straight hands, including straight flushes and royal flushes.

---

Case Study 4: Probability of a Straight Flush

A "straight flush" is a sequence of five cards of the same suit in sequence.

1. Number of sequences per suit:

- For each suit, there are 10 sequences (as above).

2. Total straight flushes:

\[
4 \times 10 = 40
\]

3. Including royal flushes (which are a subset of straight flushes):

- Royal flushes are included within these 10 sequences per suit.

Probability:

\[
P(\text{straight flush}) = \frac{40}{2,598,960} \approx 0.0000154
\]

---

The Nuance of "Exactly" in Pattern Counts

A critical aspect in probability calculations is ensuring that the count of favorable hands excludes
overlapping patterns. For example, a hand that qualifies as both a flush and a straight flush must be
carefully classified to avoid double counting.



In practice, the term "exactly" indicates that the hand contains the pattern without additional
overlapping patterns. For instance, "exactly one pair" excludes hands that contain a full house or
two pairs.

This requires:

- Careful enumeration: Using inclusion-exclusion principles.
- Explicit pattern definitions: Clarifying whether overlapping patterns are allowed or excluded.

---

Advanced Considerations: Overlapping Patterns and Conditional Probabilities

While initial calculations treat patterns independently, real-world scenarios often involve
overlapping patterns. For example, a hand that contains both a flush and a straight flush is
categorized as a straight flush rather than separately as a flush or a straight.

Conditional probabilities become relevant when assessing the chance of one pattern given the
presence of another. For example:

\[
P(\text{hand contains a flush} \mid \text{hand contains a straight})
\]

Such calculations require detailed enumeration of overlapping categories, often utilizing
combinatorial inclusion-exclusion and conditional probability formulas.

---

Practical Implications and Applications

Understanding these probabilities has practical implications beyond recreational card games:

- Poker strategy and odds calculation: Players and casinos rely on probability estimates for betting
strategies.
- Game design:
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