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2) A 4-digit Number Will Be Formed Using The Digits 1, 2, 3, 4, 5, 6, 7, 9. Each Digit Will
Only Be Used presents an interesting mathematical problem that combines principles of
permutations, combinations, and fundamental counting techniques. This type of problem is common
in mathematics competitions, exams, and logic puzzles, as it tests one's ability to systematically
count arrangements without repetition. In this article, we will explore the various methods to
determine the total number of possible 4-digit numbers that can be formed under these constraints,
analyze the problem's nuances, and discuss related concepts that deepen our understanding of
permutations and combinatorics.

Understanding the Problem

The Given Conditions
The problem specifies that:

- The digits available are 1, 2, 3, 4, 5, 6, 7, and 9.

- Each digit can only be used once in each 4-digit number.

- The number formed must be a 4-digit number, meaning it cannot start with zero (which is not in
our set, so no issue here).

- All digits are distinct within each number.

From these conditions, it's clear that:
- No repetition of digits within a number.
- The total number of digits to be used is 4.

- The total set of digits available is 8.

The problem essentially asks: How many unique 4-digit numbers can be formed from these 8 digits,
with no repeated digits?

Basic Principles of Counting and Permutations



Permutations Without Repetition

Since each digit can only be used once, and the order of digits matters (e.g., 1234 is different from
4321), this problem boils down to counting permutations of 8 distinct digits taken 4 at a time.

The general formula for permutations without repetition is:
\[ P(n, r) = \frac{n!}{(n - r)!} \]
where:

-\(n) is the total number of items to choose from.
-\(r)\) is the number of items to choose.

Applying this to our problem:

-\(n=8))
-\(r=4)\)
Thus,

\[ P(8, 4) = \frac{8!}{(8-4)!} = \frac{8!}{4!} \]
Calculating:

\[ 8! = 40320 \]
\[ 4! = 24\]

So,
\[ P(8, 4) = \frac{40320}{24} = 1680 \]

Therefore, there are 1,680 possible 4-digit numbers that can be formed using the given digits, with
each digit used only once.

Step-by-Step Breakdown of the Counting Process

Selecting Digits for the 4-digit Number

The process of forming such numbers can be visualized in stages:
1. Choose the first digit: Since the number must be a 4-digit number, and all digits are non-zero, any
of the 8 digits can be used as the first digit.

Number of choices: 8

2. Choose the second digit: After choosing the first digit, 7 remaining digits are available.



Number of choices: 7

3. Choose the third digit: Now, 6 digits remain.
Number of choices: 6

4. Choose the fourth digit: Finally, 5 digits are left.
Number of choices: 5

Multiplying these choices:
\[ 8 \times 7 \times 6 \times 5 = 1680 \]

which matches our permutation calculation.

Alternative Approaches to the Problem

Using Combinatorial Formulas

While permutations are the most straightforward method here, one can also approach the problem
through combinatorial reasoning:

- First, select 4 digits out of 8: \(\binom{8}{4} = 70\)
- For each selection, determine how many arrangements are possible: \(4! = 24\)

Total arrangements:
\[ \binom{8}{4} \times 4! = 70 \times 24 = 1680 \]

This confirms our earlier calculation and shows the equivalence of permutation and combination
methods when accounting for arrangements.

Special Considerations

Leading Zero Concern

In this problem, zero is not among the digits, so every 4-digit number automatically starts with a
non-zero digit, fulfilling the standard criteria for a 4-digit number.



Repetition and Restrictions

If the problem included zero or required restrictions (such as no consecutive digits, or digits in
increasing order), the counting method would need adjusting. However, with the current
constraints, the straightforward permutation approach suffices.

Extensions and Related Problems

Forming Numbers with Repetition Allowed

Suppose the problem changed such that digits could be used more than once. Then, the total
number of possibilities would be:

\[ 874 = 4096 \]

since each of the 4 positions could be any of the 8 digits.

Forming Numbers with Additional Constraints

For example, if the problem required that the number must be divisible by a certain number, or that
digits be in increasing order, the counting methods would become more complex, involving
divisibility rules or specific combinatorial arrangements.

Summary and Conclusion

In conclusion, forming 4-digit numbers from the digits 1, 2, 3, 4, 5, 6, 7, and 9, with each digit used
only once, results in a total of 1,680 unique numbers. This problem beautifully illustrates core
concepts in permutations and combinations, showcasing the importance of systematic counting
methods in combinatorial problems. Whether approached through permutations, arrangements, or
combinatorial formulas, understanding these principles is essential for solving a wide range of
mathematical puzzles and real-world counting problems.

Practical Applications of Such Counting Problems

Counting problems like this are not only theoretical exercises but also have practical applications,
including:



- Cryptography: Generating unique codes with specific constraints.

- Number theory: Understanding properties of number arrangements.

- Computer science: Algorithms for generating permutations and combinations efficiently.
- Probability: Calculating likelihoods of certain arrangements occurring.

Mastering these counting techniques equips students and professionals with tools to analyze
complex scenarios and develop solutions efficiently.

In summary, the problem of forming 4-digit numbers from a set of 8 distinct digits without repetition
can be confidently solved using permutation formulas, leading to a total of 1,680 unique
arrangements. This problem exemplifies fundamental combinatorial principles that are widely
applicable in mathematics, computer science, and related fields.

Frequently Asked Questions

How many 4-digit numbers can be formed using the digits 1,
2,3,4,5,6,7, and 9, with no digit repeated?

Since each 4-digit number uses distinct digits from the 8 available, the total number of such
numbers is 8P4 = 8x7x6x5 = 1,680.

Can the number 1234 be formed using the digits 1, 2, 3, 4, 5,
6, 7, and 9 without repetition?

Yes, 1234 can be formed because all its digits are within the given set and no digit is repeated.

What is the probability of randomly forming a 4-digit number
that starts with the digit 1 from the given set?

Number of 4-digit numbers starting with 1: Choose remaining 3 digits from the other 7 digits
(excluding 1), so 7P3 = 7x6x5=210. Total 4-digit numbers: 1,680. Probability = 210/1680 = 1/8.

Is it possible to form a 4-digit number with all even digits
from the given set?

No, because among the given digits, only 2 and 4 are even, and we need four digits for the number,
but only two even digits are available. Therefore, it's not possible.

How many 4-digit numbers can be formed using only the digits
1, 3, 5, 7, and 9, without repetition?

Since only five odd digits are available, the number of 4-digit numbers formed without repetition is
5P4 = 5x4x3%x2=120.



What is the arrangement count for 4-digit numbers where the
digit 9 is always used?

Number of 4-digit numbers including 9: Fix 9 in one position (4 ways), then arrange the remaining 3
digits chosen from the remaining 7 digits (excluding 9): 7P3= 7x6x5=210. Total arrangements:
4x210=840.

Additional Resources

Permutations

Exploring the Fascinating World of 4-Digit Number Formation from Unique Digits 1, 2, 3, 4, 5, 6, 7,
9

In the realm of combinatorics and number theory, the process of forming numbers from a set of
digits involves intriguing considerations of arrangements, constraints, and possibilities. Today, we
delve into an engaging problem: forming four-digit numbers using the digits 1, 2, 3, 4, 5, 6, 7, and 9,
with each digit used only once per number. This task exemplifies fundamental principles of
permutations—rearrangements of distinct objects—and offers insight into the broader applications
of combinatorial mathematics in fields such as cryptography, computer science, and even game
design.

Understanding the Core Problem

Before jumping into calculations, let's define the problem clearly:

- Digits available: 1, 2, 3,4, 5,6, 7,9

- Number of digits to be used per number: 4

- Usage constraint: Each digit can be used only once in each 4-digit number

- Goal: Determine how many unique 4-digit numbers can be formed under these conditions

This problem is a classic example of permutations without repetition, a core concept in

combinatorics. The critical factors here are the set size (8 digits) and the length of each number (4
digits), with the restriction that no digit repeats within a number.

The Mathematical Foundation: Permutations Without



Repetition

What Are Permutations?

Permutations refer to the arrangements of objects where order matters. When objects are distinct
and each is used exactly once, the total number of permutations is calculated using factorials.

For example, the number of ways to arrange n different objects in r positions (without repetition) is
given by the formula:

\[

P(n, r) = \frac{n!}{(n-1)!}
\]

Where:

-\(n!\) denotes the factorial of n (product of all positive integers up to n)
-\(r) is the number of objects to select and arrange

In our case:

-\(n = 8)) (digits available)
-\(r = 4) (digits to select for each number)

Hence, the total number of 4-digit numbers formed is:
\[

P(8, 4) = \frac{8!}{(8 - 4)!} = \frac{8!}{4!'}
\]

Calculating the Total Number of Unique 4-Digit
Numbers

Let's perform the calculation step by step.

Step 1: Compute 8! and 4!

-\( 8! = 8 \times 7 \times 6 \times 5 \times 4 \times 3 \times 2 \times 1 = 40320)
-\(4! = 4 \times 3 \times 2 \times 1 = 24\)



Step 2: Divide to find the permutation count

\[
P(8, 4) = \frac{8!}{4!} = \frac{40320}{24} = 1680
\]

Result: There are 1,680 unique 4-digit numbers that can be formed using the digits 1, 2, 3, 4, 5, 6, 7,
and 9, with each digit used only once per number.

Understanding the Constraints and Variations

While the calculation above gives us the total number of possible arrangements, it's valuable to
understand the implications of the constraints and explore related variations.

Leading Digit Restrictions

In standard four-digit numbers, the leading digit cannot be zero; however, since zero isn't in our set,
this constraint is inherently satisfied. But if zero were included, additional restrictions would be
necessary to avoid numbers like 0123, which are technically three-digit numbers.

In our case, every digit is non-zero, so all permutations are valid four-digit numbers.

Different Selection Sizes

If we were to consider forming three-digit or five-digit numbers, the permutation calculations would
adapt accordingly:

- For 3-digit numbers: \( P(8, 3) = \frac{8!}{(8-3)!} = \frac{40320}{120} = 336)
- For 5-digit numbers: \( P(8, 5) = \frac{8!}{(8-5)!} = \frac{40320}{6} = 6720)

Including Repetition

If repetition were allowed—meaning digits could be used more than once—the total number of
permutations would be:

\[
874 = 4096
\]

This is significantly higher, illustrating how constraints influence combinatorial possibilities.



Real-World Applications of Permutation Calculations

Understanding how to compute permutations isn't merely an academic exercise; it has practical
applications across multiple domains.

Cryptography and Security

- Permutation calculations help in designing secure encryption algorithms by assessing the key
space size.
- The larger the permutation set, the more secure the encryption.

Game Design and Puzzle Creation

- Designing combinatorial puzzles or codes relies on permutation principles to determine difficulty
level and uniqueness.

- For example, creating a game where players must decipher a code formed from a set of digits
involves understanding permutation counts.

Data Analysis and Sampling

- Permutation techniques are used in sampling methods to analyze possible arrangements and
outcomes.

Mathematical Education and Testing

- Problems involving permutations serve as excellent tools for developing logical reasoning and
understanding combinatorial concepts.

Advanced Considerations and Extensions

Beyond basic permutation calculations, several interesting extensions can deepen understanding or
broaden the scope.



Permutations with Additional Constraints

- For example, what if certain digits cannot be adjacent? How does that influence the total count?
- Or, what if the first digit cannot be an odd number? Such constraints necessitate more complex
counting techniques, often involving inclusion-exclusion principles.

Permutations with Repetition Allowed

- As previously discussed, allowing repeated digits increases possibilities exponentially.
- This approach is relevant in scenarios like PIN creation where repetition may be permitted.

Permutations in Larger Sets or Different Lengths

- Extending the concept to larger digit sets (e.g., 0-9) or longer numbers (e.g., 6-digit numbers)
illustrates the scalability of permutation formulas.

- For instance, with zero included, the total permutations for 4-digit numbers would be \( P(10, 4) =
5040 \).

Conclusion: The Power of Permutation Calculation

The process of determining how many four-digit numbers can be formed from the digits 1, 2, 3, 4, 5,
6, 7, and 9—each used only once—highlights the elegance and utility of permutation mathematics.
With a straightforward formula, we find that 1,680 unique numbers are possible. This figure not only
exemplifies the combinatorial richness of simple digit arrangements but also underscores the
importance of understanding such concepts for practical applications across technology, security,
and problem-solving.

Whether you're designing secure codes, creating puzzles, or analyzing data, mastering permutation
calculations provides a foundational tool to quantify possibilities, optimize arrangements, and
innovate solutions. As we explore further variations and constraints, the principles of permutations
continue to reveal their versatility and relevance in our increasingly data-driven world.
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