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Understanding how to find the limit of a sequence is a fundamental concept in calculus and
mathematical analysis. It helps us comprehend the behavior of sequences as they tend toward
infinity or a particular finite value. In this article, we will explore the sequence defined as \(A_n = \ln
n + 2 \times 3n + 5\) in detail. Our goal is to analyze its behavior as \(n\) approaches infinity and
determine its limit, if it exists.

---

Understanding the Sequence \(A_n = \ln n + 2 \times 3n
+ 5\)

Before delving into the limit calculation, it’s essential to understand the components of this
sequence:

- \(\ln n\): The natural logarithm of \(n\), which grows slowly as \(n\) increases.
- \(2 \times 3n\): Simplifies to \(6n\), a linear term that grows without bound as \(n\) increases.
- \(+5\): A constant term.

The sequence can thus be rewritten for clarity:

\[
A_n = \ln n + 6n + 5
\]

---

Analyzing the Behavior of the Sequence as \(n \to
\infty\)

The key to finding the limit is to analyze the growth rates of each term:

- Logarithmic term \(\ln n\): Grows very slowly; tends to infinity as \(n \to \infty\), but at a rate much
slower than linear or polynomial functions.
- Linear term \(6n\): Grows without bound, tending to infinity as \(n \to \infty\).
- Constant term \(5\): Remains unchanged regardless of \(n\).

Since the linear term \(6n\) dominates the sequence for large \(n\), the overall behavior of \(A_n\) will
be primarily influenced by this term.



---

Calculating the Limit of \(A_n = \ln n + 6n + 5\)

Given the components, the limit as \(n\) approaches infinity can be analyzed by considering the
dominant term:

\[
\lim_{n \to \infty} A_n = \lim_{n \to \infty} (\ln n + 6n + 5)
\]

- The \(\ln n\) term tends to infinity, but very slowly.
- The \(6n\) term tends to infinity much faster.
- The constant \(5\) becomes negligible at very large \(n\).

Therefore, the overall limit is dictated by the \(6n\) term:

\[
\boxed{
\lim_{n \to \infty} A_n = \infty
}
\]

This means the sequence diverges to infinity; it does not approach a finite number.

---

Formal Proof Using Limit Laws

To formalize this conclusion, consider the behavior of each term:

Limit of the logarithmic term:

\[
\lim_{n \to \infty} \ln n = \infty
\]

Limit of the linear term:

\[
\lim_{n \to \infty} 6n = \infty
\]

Limit of the constant:

\[



\lim_{n \to \infty} 5 = 5
\]

Since the sum of functions tending to infinity also tends to infinity, the sequence diverges:

\[
\lim_{n \to \infty} (\ln n + 6n + 5) = \infty
\]

---

Implications of the Limit Result

Understanding that \(A_n \to \infty\) as \(n \to \infty\) carries several implications:

- The sequence does not converge to a finite limit.
- For large \(n\), the sequence’s values grow without bound.
- Such sequences are classified as divergent.

---

Visual Representation of the Sequence Behavior

Graphing the sequence can provide an intuitive understanding:

- The graph will show a rapidly increasing trend dominated by the linear term \(6n\).
- The logarithmic component adds a slight curve, but the overall growth is linear.
- As \(n\) increases, the sequence values shoot upward toward infinity.

---

Practical Applications and Examples

Sequences of this nature appear in various fields, such as:

- Computational complexity: Understanding how algorithms behave as input size increases.
- Physics: Modeling quantities that grow linearly with time or other parameters.
- Economics: Analyzing sequences of financial returns or investments that grow over time.

Example:

Suppose you are analyzing the total cost \(A_n\) of manufacturing items where the cost increases
linearly with the number of items \(n\), plus a logarithmic overhead. As the number of items grows
large, the total cost will tend to infinity, confirming the divergence of the sequence.



---

Summary and Key Takeaways

- The sequence \(A_n = \ln n + 6n + 5\) involves logarithmic and linear terms.
- The dominant term for large \(n\) is \(6n\).
- Since \(6n \to \infty\) as \(n \to \infty\), the entire sequence diverges.
- The limit of the sequence is:

\[
\boxed{
\lim_{n \to \infty} A_n = \infty
}
\]

- This indicates that the sequence does not approach a finite value but increases without bound.

---

Conclusion

Finding the limit of a sequence like \(A_n = \ln n + 6n + 5\) involves understanding the growth rates
of each component. Recognizing that linear functions grow faster than logarithmic functions, the
dominant term determines the overall divergence. In this case, because the linear term \(6n\) tends
to infinity, the entire sequence diverges to infinity. This analysis illustrates the importance of
comparing growth rates and applying limit laws to determine the behavior of sequences in calculus.

---

Additional Resources for Further Study

- Limit Laws and Theorems: Understanding the foundational principles for calculating limits.
- Growth Rates of Functions: Comparing polynomial, logarithmic, exponential, and constant
functions.
- Sequence Convergence and Divergence: Criteria for whether a sequence converges to a finite limit.
- Calculus Textbooks: For more in-depth explanations and practice problems.

By mastering the process of analyzing such sequences, students and professionals can better
understand the behavior of mathematical models across various disciplines.



Frequently Asked Questions

What is the sequence A = n + 2·3n + 5, and how do I interpret
it?
The sequence A is defined as A_n = n + 2·3n + 5, which simplifies to A_n = n + 6n + 5 = 7n + 5. To
find its limit as n approaches infinity, we analyze its dominant term.

How do I find the limit of the sequence A = 7n + 5 as n
approaches infinity?
As n approaches infinity, the term 7n dominates the constant 5. Since 7n grows without bound, the
limit of A_n = 7n + 5 as n→∞ is infinity.

Is the sequence A = 7n + 5 bounded or unbounded?
The sequence is unbounded because as n increases, A_n tends to infinity, meaning it does not have
an upper bound.

Can I apply L'Hôpital's rule to find the limit of A = 7n + 5?
L'Hôpital's rule applies to indeterminate forms like 0/0 or ∞/∞ in continuous functions. Since A_n is a
discrete sequence, we analyze the dominant term directly; in this case, the sequence tends to
infinity, so L'Hôpital's rule isn't necessary.

What is the limit of the sequence A = n + 2·3n + 5 as n
approaches infinity?
The sequence simplifies to 7n + 5, and as n→∞, the limit is infinity. Therefore, the sequence diverges
to infinity.

How does the dominant term determine the limit of the
sequence?
The dominant term (here, 7n) grows faster than the constant, so it dictates the behavior of the
sequence at infinity. Since it tends to infinity, the whole sequence tends to infinity.

Are there any conditions under which the sequence A = 7n + 5
would have a finite limit?
Yes, if the coefficient of n were zero (i.e., the sequence was constant or bounded), then the sequence
could have a finite limit. But since the coefficient of n is non-zero and positive, the sequence
diverges to infinity.



Additional Resources
Find The Limit Of The Sequence: A Comprehensive Guide

Understanding how to find the limit of a sequence is a fundamental aspect of mathematical analysis,
often serving as the foundation for more advanced topics in calculus and real analysis. In this
detailed exploration, we will focus on the sequence defined as:

\[
A_n = \frac{\ln n + 2}{3n + 5}
\]

Our goal is to analyze its behavior as \( n \to \infty \), determine whether the sequence converges or
diverges, and if it converges, find its exact limit. This process involves understanding the nature of
sequences, the tools used to evaluate limits, and applying these concepts carefully to the sequence
in question.

---

Understanding Sequences and Their Limits

Before diving into the specific sequence, it is crucial to understand what a sequence is and what it
means for a sequence to have a limit.

What is a Sequence?
- A sequence is an ordered list of numbers, typically denoted as \( \{A_n\} \), where \( n \) is a
positive integer index.
- Each term \( A_n \) depends on the index \( n \), which often tends toward infinity.
- Sequences can be defined explicitly (like the one we're analyzing) or recursively.

Limit of a Sequence
- The limit of a sequence \( \{A_n\} \) as \( n \to \infty \) is a number \( L \) such that, for any small
positive number \( \epsilon \), there exists an \( N \) where for all \( n > N \), \( |A_n - L| < \epsilon \).
- If such an \( L \) exists, the sequence converges to \( L \); otherwise, it diverges.

Analyzing the Sequence: \( A_n = \frac{\ln n + 2}{3n +
5} \)

This specific sequence involves a logarithmic numerator and a linear denominator, which suggests
that as \( n \) grows large, the behavior of the sequence will be influenced by the growth rates of
these functions.



Intuitive Expectation
- The numerator \( \ln n + 2 \) grows slowly (logarithmically).
- The denominator \( 3n + 5 \) grows linearly.
- Since polynomial growth dominates logarithmic growth, we expect the ratio to tend toward zero.

Step-by-Step Approach to Find the Limit

To rigorously determine the limit, we employ various analytical tools, including dominant term
analysis and applying limit laws.

Step 1: Simplify the Sequence Expression

The sequence is:

\[
A_n = \frac{\ln n + 2}{3n + 5}
\]

Since the numerator and denominator are both functions of \( n \), as \( n \to \infty \), the dominant
terms are:

- Numerator: \( \ln n \) (since 2 is negligible compared to \( \ln n \) for large \( n \))
- Denominator: \( 3n \) (since 5 is negligible compared to \( n \))

Thus, the sequence behaves approximately like:

\[
A_n \sim \frac{\ln n}{3n}
\]

for large \( n \).

Step 2: Apply Limit Laws

The main idea is to evaluate:

\[
\lim_{n \to \infty} \frac{\ln n}{n}
\]

which is a classic limit in analysis.



Step 3: Recognize Known Limits

It is well-known that:

\[
\lim_{n \to \infty} \frac{\ln n}{n} = 0
\]

This is because the logarithmic function grows much more slowly than the linear function.

Therefore:

\[
\lim_{n \to \infty} A_n = \lim_{n \to \infty} \frac{\ln n + 2}{3n + 5} = 0
\]

However, to be rigorous, let's formalize this reasoning.

---

Rigorous Limit Calculation

Applying Limit Laws and Dominant Term Analysis

We can write:

\[
A_n = \frac{\ln n + 2}{3n + 5} = \frac{\ln n}{3n + 5} + \frac{2}{3n + 5}
\]

Now, examine each term separately:

1. \(\displaystyle \lim_{n \to \infty} \frac{\ln n}{3n + 5}\)

2. \(\displaystyle \lim_{n \to \infty} \frac{2}{3n + 5}\)

Let's analyze these limits.

---

Term 1: \(\displaystyle \lim_{n \to \infty} \frac{\ln n}{3n + 5}\)

Since for large \( n \), the +5 is negligible, this resembles:



\[
\lim_{n \to \infty} \frac{\ln n}{3n}
\]

which simplifies to:

\[
\frac{1}{3} \lim_{n \to \infty} \frac{\ln n}{n}
\]

And as previously established:

\[
\lim_{n \to \infty} \frac{\ln n}{n} = 0
\]

Therefore:

\[
\lim_{n \to \infty} \frac{\ln n}{3n + 5} = 0
\]

---

Term 2: \(\displaystyle \lim_{n \to \infty} \frac{2}{3n + 5}\)

As \( n \to \infty \), the denominator grows without bound, so:

\[
\lim_{n \to \infty} \frac{2}{3n + 5} = 0
\]

---

Conclusion of the Limit Analysis

Combining the two parts:

\[
\lim_{n \to \infty} A_n = \lim_{n \to \infty} \left( \frac{\ln n}{3n + 5} + \frac{2}{3n + 5} \right) = 0
+ 0 = 0
\]

Thus, the sequence \( A_n = \frac{\ln n + 2}{3n + 5} \) converges and its limit is 0.

---



Additional Insights and Verifications

While the above calculation is rigorous, it’s often helpful to verify and understand the behavior
through alternative methods.

Using the Limit Comparison Test
- For sequences involving functions like \( \ln n \) and polynomial functions, the dominant term
analysis is sufficient.
- Since \( \ln n \) grows slower than \( n \), the ratio tends to zero.

Graphical Interpretation
- Plotting the sequence \( A_n \) for large \( n \) will show values approaching zero.
- Numerical evidence (e.g., \( A_{1000} \), \( A_{10^6} \)) will reinforce the conclusion.

Behavior for Finite \( n \)
- For small \( n \), the sequence may not be close to zero, but as \( n \) increases, the terms diminish
steadily.
- This reflects the classic property that logarithmic growth is insignificant compared to linear growth
at large scales.

---

Summary of the Findings

- The sequence in question:

\[
A_n = \frac{\ln n + 2}{3n + 5}
\]

- As \( n \to \infty \), the numerator grows slowly, and the denominator grows linearly.
- The dominant term analysis indicates the sequence behaves like \( \frac{\ln n}{3n} \), which tends
toward zero.
- Rigorous calculation confirms that:

\[
\boxed{
\lim_{n \to \infty} A_n = 0
}
\]

- The sequence converges, and the limit is zero.



---

Implications and Broader Context

Understanding this sequence's limit provides insights into the relative growth rates of logarithmic
and polynomial functions, a crucial concept in asymptotic analysis and calculus.

- Comparison of growth rates: Logarithmic functions grow much more slowly than polynomial
functions, which is exemplified here.
- Applications: Limits of similar sequences appear in fields such as probability theory, algorithm
analysis, and mathematical modeling.
- Further explorations: One might examine how modifications to the sequence, such as different
coefficients or additional terms, influence the limit.

---

Final Remarks

The process of finding the limit of the sequence \( A_n = \frac{\ln n + 2}{3n + 5} \) beautifully
illustrates the importance of understanding dominant terms, applying limit laws, and recognizing
growth behaviors. This sequence's limit being zero aligns perfectly with the intuition that
logarithmic growth cannot keep pace with linear growth, leading the ratio to diminish to zero as \( n
\) becomes very large.

Always remember, when approaching limits of sequences involving logarithmic or exponential
functions, consider their growth rates, compare
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