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If you're fascinated by numerical patterns and sequences, you've likely encountered the intriguing
question: what is the 200th term of the increasing sequence of positive integers formed by omitting
only the perfect numbers? This sequence, built by excluding perfect numbers from the set of all
positive integers, offers a compelling glimpse into how specific number types influence the structure
of the natural numbers. In this article, we explore the nature of this sequence, understand which
numbers are omitted, and determine the 200th term with detailed reasoning and step-by-step
calculations.

Understanding the Sequence: Positive Integers Without
Perfect Numbers

What Are Perfect Numbers?

Perfect numbers are special positive integers equal to the sum of their proper divisors (excluding the
number itself). For example:

e 6: Divisors are 1, 2, 3, 6. Sum of proper divisors: 1 + 2 + 3 = 6.
e 28: Divisors are 1, 2, 4, 7, 14, 28. Sum of proper divisors: 1 + 2 + 4 + 7 + 14 = 28.

e 496 and 8128 are other known perfect numbers.

Perfect numbers are quite rare and follow a special pattern linked to Mersenne primes.

The Sequence of Positive Integers Without Perfect Numbers

The sequence in question is constructed by starting from the smallest positive integer, 1, and
including all subsequent positive integers except perfect numbers:

e Sequence: 1, 2, 3,4,5,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,29, ...

Perfect numbers such as 6, 28, 496, etc., are omitted from this sequence.



Identifying the Perfect Numbers to Omit

First Few Perfect Numbers

The initial perfect numbers are:
1. 6
2. 28
3. 496

4. 8128

Since these are the only perfect numbers up to certain ranges (and all known perfect numbers are
even), the sequence will omit these numbers.

Implication for the Sequence

The sequence includes all positive integers except these perfect numbers. Therefore, the sequence
contains:

¢ All numbers from 1 upward, skipping 6, 28, 496, 8128, and any larger perfect numbers.

Determining the 200th Term

Approach to Find the 200th Term

To find the 200th term, we need to understand how many numbers are skipped due to the omission
of perfect numbers up to a certain point, and then identify the specific number that appears in the
sequence as the 200th term.

Key idea: For each range between perfect numbers, the sequence counts all positive integers minus
the perfect numbers themselves.

Step-by-Step Calculation

Step 1: Count how many numbers are omitted up to a certain point.

- Up to 5: All numbers are included, no perfect numbers yet.
- The first perfect number is 6, so numbers 6 are skipped.



- Up to 27: Perfect numbers 6 and 28 are involved, so only 6 is omitted.
- Up to 27, the total integers are 1 through 27, with 6 omitted.
Number of included integers: 27 - 1 = 26, minus 1 for 6, so 25 numbers included before 28.

Step 2: Find how many included numbers are up to a certain perfect number.
Let's tabulate:

| Range Endpoint | Perfect Numbers within Range | Count of Included Numbers (excluding perfects)

I | | |
| 1to 5| None | 5 (since 6 not yet reached) |

| 1to 276,28 (28 > 27) | 26 numbers (1-5,7-27) |
| 1to 495 |6, 28, 496 (496 > 495) | 495 total numbers - 3 perfects (6, 28, 496) = 492 included
numbers (excluding perfects) |

But to be precise, let's focus on the positions rather than just counts, since perfect numbers are
sparse.

Step 3: Find the position of the 200th included number
We can proceed as follows:

- Count how many numbers are included up to certain points, considering the perfect numbers.
- Between 1 and 5, all numbers are included: total of 5.
- From 6 to 27:

- 6 is omitted.

- The numbers are 7 to 27.

- Count: 21 numbers (7 through 27).

- Total included so far: 5 (from 1-5) + 21 = 26.

- From 28 to 495:

- 28 is omitted.

- Numbers are 29 to 495.

- Count: 495 - 28 = 467.

- Total included so far: 26 + 467 = 493.

Step 4: Determine where the 200th term falls

- Up to 27, the sequence has 26 terms.
- The 200th term is beyond 27, so continue.

- After 28 (which is omitted), starting from 29, the sequence continues with all numbers except
perfect ones.

- Now, from 29 onward, each integer is included unless it is a perfect number.

- The next perfect number after 28 is 496.



- Count of included numbers from 29 to 495:

- Total numbers: 495 - 28 = 467.

- The only perfect number in this range is 496, which is beyond 495, so no correction needed here.
- So, from 29 to 495, all are included: 467 numbers.

- Total included numbers up to 495: 26 (up to 27) + 467 = 493.

- The 200th term is less than 495, so the 200th included number is somewhere in this range.

Step 5: Find the position within 29 to 495

- Up to 27, included count: 26.
- To reach the 200th term, we need 200 - 26 = 174 more included numbers.

- The range from 29 onward includes all numbers except perfect numbers.

- Since in this range, perfect numbers are 28, 496, etc., the only perfect number in 29 to 495 is none
(since 496 > 495), so all numbers in 29 to 495 are included.

- Therefore, the 174th number in this range corresponds directly to the 174th integer starting from
29.

Step 6: Find the 174th number after 28, starting from 29
- The first number in this range: 29 (which is included).

- The 1st in this range: 29.

- The 174th in this range: 29 + 174 -1 = 29 + 173 = 202.
Step 7: Final check

- The 200th included number is 202.

- Confirm that 202 is not a perfect number:

- 6, 28, 496, 8128 are perfect numbers.

- 202 is not perfect.

- Therefore, the 200th term of the sequence is 202.

Conclusion: The 200th Term of the Sequence

After carefully analyzing the pattern of omitting perfect numbers and counting the included
integers, we find that the 200th term of the increasing sequence of positive integers formed by
omitting only the perfect numbers is 202.

This sequence illustrates how the rare and special nature of perfect numbers influences the
structure of natural numbers, creating a sequence that skips these unique integers while including



all others.

Additional Insights and Related Topics

Other Variations of Number Omissions

Sequences formed by omitting other special numbers, such as prime numbers or composite
numbers, create fascinating variations and patterns worth exploring.

Importance of Perfect Numbers in Number Theory

Perfect numbers have captivated mathematicians for centuries, linked to Mersenne primes and the
search for new perfect numbers continues to be a rich field of research.

Practical Applications and Mathematical Curiosities

Though these sequences are primarily of theoretical interest, understanding their structure aids in
developing algorithms, cryptography, and the study of numerical properties.

Final Thoughts

Identifying the 200th term in this sequence not only demonstrates the importance of understanding
perfect numbers but also showcases the beauty of pattern recognition and systematic counting in

Frequently Asked Questions

What is the sequence described in the problem?

The sequence consists of positive integers formed by omitting only perfect squares from the list of
all positive integers.

How do I identify the perfect squares that are omitted in the
sequence?

Perfect squares are numbers like 1, 4, 9, 16, 25, etc., and these are omitted from the sequence.

What is the general pattern for the sequence of numbers after
omitting perfect squares?

The sequence includes all positive integers excluding perfect squares, resulting in an increasing
sequence with gaps at perfect squares.



How can I find the 200th term of this sequence?

You can determine the 200th term by accounting for the number of perfect squares less than or
equal to that term and adjusting accordingly.

What is the relationship between the term number n and the
value of the nth term in the sequence?

The nth term is approximately n plus the number of perfect squares less than or equal to that term.

Is there a formula to directly find the 200th term in the
sequence?

Yes, the nth term T(n) can be approximated using T(n) = n + floor(sqrt(T(n))) because perfect
squares less than T(n) are counted by floor(sqrt(T(n))).

How do I solve for the exact 200th term using this
relationship?

Set T(n) = n + floor(sqrt(T(n))) and solve iteratively or algebraically to find the exact value of T(200).

What is the approximate size of the 200th term in the
sequence?

Since the number of perfect squares up to a number x is approximately sqrt(x), T(200) is roughly
around 200 + sqrt(T(200)), which is about 200 + 14 = 214.

Can you provide the step-by-step method to find the 200th
term?

Yes. First, estimate T(200) = 214. Then, check the number of perfect squares less than or equal to
214 (which is 14). Confirm that T(200) = 200 + 14 = 214. Verify if 214 is not a perfect square, and if
it is, adjust accordingly. Since 214 is not a perfect square, T(200) = 214.

What is the final value of the 200th term in the sequence?

The 200th term of the sequence is 214.

Additional Resources
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Introduction



Mathematics often invites us into fascinating worlds where simple rules generate intricate
structures. Among these, the sequence formed by positive integers that omit only perfect numbers
stands out as both intriguing and challenging. The question, “What is the 200th term of the
increasing sequence of positive integers formed by omitting only the perfect,” touches upon deep
properties of perfect numbers, sequence construction, and number theory.

In this article, we will thoroughly investigate this sequence, explore its properties, and derive the
answer to the 200th term. Our journey will encompass an overview of perfect numbers, the
construction rules of the sequence, and a systematic approach to identify subsequent terms until
reaching the 200th position.

Understanding Perfect Numbers

Before delving into the sequence, it is essential to understand what perfect numbers are and their
significance.

Definition of Perfect Numbers

A perfect number is a positive integer that is equal to the sum of its proper divisors (excluding
itself). Formally, a number \( n) is perfect if:

\[
\sum_{\substack{d \midn\\d <n}}d=n
\]

For example:

- 6 has divisors 1, 2, 3, 6. The sum of proper divisors: \(1 + 2 + 3 = 6\). So, 6 is perfect.
- 28: Divisors are 1, 2, 4, 7, 14, 28. Proper divisors sum: \(1 + 2 + 4 + 7 + 14 = 28)).

Known Perfect Numbers

All known perfect numbers are even, and they follow Euclid's theorem, which states that every even
perfect number can be expressed as:

\[

27°{p-1} 27 {p}-1)

\]

where \( 2~ {p} - 1) is a Mersenne prime.

The first few perfect numbers are:

[\(pV) [\(2~{p} - 1\) | Perfect Number \( 2~ {p-1}(2~{p} - 1) ) |
| | I |




[213]6]

13728

|5 31496 |

| 7]127 | 8128 |

| 138191 | 33,550,336 |

| 17| 131071 | 8,588,869,056 |

| 19 | 524287 | 137,438,691,328 |

While numerous conjectures about odd perfect numbers exist, none have been discovered yet. For
our sequence, we will consider the known perfect numbers.

The Sequence: Construction and Rules
The sequence in question consists of all positive integers excluding perfect numbers. In other words:

> Sequence \( S \): Increasing positive integers, omitting only perfect numbers.

Formally:

\[

S = \{ n\in \mathbb{Z} "+ : n \text{ is not perfect} \}
\]

and arranged in increasing order, the sequence begins as:

\[
1,2,3,45,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, \Idots
\]

but with the perfect numbers 6, 28, 496, 8128, etc., omitted.

Strategy for Identifying the 200th Term

Given the sequence, our task reduces to counting integers from 1 upward, skipping perfect numbers,
until we reach the 200th term.

Key Steps

1. Identify all perfect numbers less than or equal to a certain bound.

2. Count how many non-perfect integers are less than that bound.

3. Adjust the bound iteratively until the count reaches 200.

4. Determine the exact number corresponding to the 200th position in the sequence.

The key challenge is to find the cutoff point where the 200th non-perfect number appears.



Step-by-Step Analysis
1. Counting Non-Perfect Numbers Up to a Certain Point

The main idea is to consider the natural numbers and subtract the perfect numbers within that
range.

Suppose \( P) is the set of all perfect numbers less than or equal to \( N \).
Number of perfect numbers less than or equal to \( N \): \( |P|\)

Number of integers from 1 to \( N \): \( N'\)

Number of non-perfect integers less than or equal to \( N \):

\[
\text{Count} = N - |P|
\]

Our goal:

\[
N - |P| = 200
\]

which implies:

\[
N =200 + [P|
\]

As perfect numbers are sparse, and the known ones grow rapidly, we need to find the approximate \(
N \) where the count hits 200, considering the perfect numbers less than or equal to \( N \).

2. Known Perfect Numbers and Their Ranges

-6

- 28

- 496

- 8128

- 33,550,336

- 8,5688,869,056
-137,438,691,328

The first four are relatively small; after that, perfect numbers become enormous.

For the initial counts:



| Perfect Number | Count of perfect numbers < \( N\) | \( N \) range |
| | | |

|6]1|1to6 |

|28 2| 1to28|

| 496 | 3|1 to 496 |

| 8128 |4 | 1to 8128 |

Beyond 8128, perfect numbers are very large, so for \( N \) less than 33 million, only the first four
perfect numbers are relevant.

3. Estimating the Range for the 200th Term
Starting from the beginning:

- Up to 6: perfect numbers = 1, non-perfect = 5

- Up to 28: perfect numbers = 2, non-perfect = 26

- Up to 496: perfect numbers = 3, non-perfect = 493

- Up to 8128: perfect numbers = 4, non-perfect = 8124

Since 8128 already far exceeds 200, the 200th non-perfect number will be less than 8128. We can
focus on the first four perfect numbers.

Calculating the number of non-perfect integers up to 8128:

\[

N = 8128

\]

Number of perfect numbers < 8128: 4

Number of non-perfect integers < 8128:

\[
8128 -4 = 8124
\]

Since 8124 > 200, the 200th non-perfect number is less than 8128.

4. Narrowing Down the Exact Range
Now, check the non-perfect integers up to 496:

\[
\text{Non-perfect count} = 496 - 3 = 493

\]

Since 493 > 200, the 200th term is somewhere between 1 and 496.



Between 1 and 496:

- Perfect numbers are at 6, 28, 496.
- Non-perfect integers in this range:

Total integers: 1 to 496 = 496
Perfect numbers: 3 (6, 28, 496)
Remaining non-perfect integers:
\[

496 - 3 =493

\]

Number of non-perfect integers up to 496: 493.

Therefore, the 200th non-perfect number is less than 496, as 200 < 493.

Precise Identification of the 200th Term

Since the 200th term is within 1 to 496, and perfect numbers in this range are 6, 28, and 496, the
only perfect numbers to omit are these.

Number of perfect numbers less than 496:

-6

-28

-496

Total of 3 perfect numbers within 1 to 496.
Number of non-perfect integers from 1 to 496:
\[

496 - 3 =493

\]

Sequence of non-perfect integers begins as:

1,2,3,4,5, (skip 6), 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, ..., 27, (skip 28), 29, ..., 495,
(skip 496)

To find the 200th term, we need to find the 200th non-perfect number.

Constructing the Sequence to the 200th Term



Let's count the non-perfect numbers sequentially:

- From 1 to 5: All are non-perfect. Count
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