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If you've encountered the function f(x) = 2 / 3”x and are wondering about its
behavior as x approaches infinity or negative infinity, you're not alone.
Many students and math enthusiasts often ask: "What is the horizontal
asymptote of this function?" and "Is it on the X-axis or the Y-axis?"
Understanding horizontal asymptotes is essential in graphing functions and
analyzing their end behaviors. In this article, we'll explore what horizontal
asymptotes are, analyze the specific function f(x) = 2 / 3”x, and clarify
whether its asymptote is on the x-axis or y-axis.

Understanding Horizontal Asymptotes

What Is an Asymptote?

An asymptote is a line that a graph approaches but never quite touches as the
independent variable (x) goes toward infinity or negative infinity.
Asymptotes help us understand the end behavior of functions and are crucial
in sketching accurate graphs.

Types of Asymptotes

There are primarily three types of asymptotes:
e Vertical asymptotes: Lines x = a where the function tends to infinity.

e Horizontal asymptotes: Lines y = b that the function approaches as x
tends to infinity or negative infinity.

e Oblique (slant) asymptotes: Diagonal lines that the function approaches,
often for rational functions with numerator degree one higher than
denominator.

Horizontal Asymptotes Explained

A horizontal asymptote is a horizontal line that the graph of a function



approaches as x - o, The key idea is that, for large positive or negative x,
the function's value gets very close to this line, although it may never
reach it exactly.

In simpler terms:

- As x becomes very large (positive infinity), the function approaches a
specific y-value.

- As x becomes very negative (negative infinity), the function approaches a
specific y-value.

The value of this asymptote often depends on the behavior of the function's
numerator and denominator as x approaches infinity or negative infinity.

Analyzing the Function f(x) = 2 / 3”x

Let's examine the specific function in question: f(x) = 2 / 37x.

Function Breakdown

- The numerator is a constant: 2.
- The denominator is an exponential expression: 3"X.

Because of the exponential in the denominator, the function's behavior as x
approaches infinity or negative infinity will be different than polynomial
functions.

Behavior as x » o

When x becomes very large (X - +o):

- Since 3”™x grows exponentially, it becomes very large.

- Therefore, 2 / 3”x will become very small, approaching zero.
Mathematically:

\[

\lim_{x \to +\infty} \frac{2}{3"x} =0

\1]

Behavior as x -» -o

When x becomes very negative (X -» —):

- 37X approaches zero because any positive base raised to a large negative
power results in a very small fraction.

- Specifically:

\ [

3”x \to 0™+ \quad \text{as} \quad x \to -\infty

\1

- So, the function becomes:



\[

f(x) = \frac{2}{3"x} \to \frac{2}{0"+} \to +\infty

\1

This means the function grows without bound as x approaches negative
infinity.

Identifying the Horizontal Asymptote

Based on the above analysis:

- As x » +o, f(x) approaches 0.
- As X » —», f(Xx) - +w,

Since the function approaches a specific y-value (0) as x becomes very large,
the horizontal asymptote is the line y = 0, which is on the x-axis.

Is the Asymptote On the X-axis or Y-axis?

The horizontal asymptote is the line y = 0, which is on the X-axis. It
indicates that for very large positive x-values, the graph gets closer and
closer to the x-axis, but never actually touches it.

Key Point:
- The horizontal asymptote of f(x) =2 / 3*x is y = 0 (on the X-axis).

Visualizing the Graph of f(x) = 2 / 3™x

Plotting the function helps solidify understanding:

| x | f(x) =2 / 3™x | Explanation |

R TR R |- |
-2 | approximately 2 / 3°{-2} =2 / (1/9) =2 9 = 18 | As x is negative

|

large, f(x) is very large |

| 0] 2/30=2/1=2]Atx=0|

| 1| 2/ 31=2/3 = 0.666 | Approaching zero from above as x increases |
| 2 | 2/ 32=2/9=20.222 | Closer to zero |

| 312/ 33=2/27=20.074 | Very close to zero |

The graph starts high on the left, decreases toward zero as x increases, but
never actually touches the x-axis.

Summary: The Horizontal Asymptote of f(x) = 2 /



37X

- The horizontal asymptote is the line y = 0.

- It is on the x-axis.

- As x approaches positive infinity, the function approaches this asymptote.
- As x approaches negative infinity, the function diverges to infinity.

Additional Tips for Understanding Asymptotes

- For exponential decay functions like f(x) = a / b”x where b > 1, the
horizontal asymptote is always y = 0.

- For rational functions, the degrees of numerator and denominator determine
the horizontal asymptote.

- Always analyze the limit of the function as x approaches infinity and
negative infinity to identify asymptotes.

Conclusion

Understanding the behavior of functions like f(x) = 2 / 3”x is crucial in
grasping the concept of horizontal asymptotes. In this case, the function
approaches the line y = 0 as x becomes very large, placing the asymptote on
the x-axis. Recognizing whether an asymptote is on the x-axis or y-axis
depends on analyzing the limits of the function at infinity. Remember, for
exponential decay functions such as this, the horizontal asymptote is always
y = 0, providing a clear and simple end behavior to your function's graph.

If you're ever unsure, always consider evaluating the limits as x approaches

infinity and negative infinity; this will guide you in identifying the
correct asymptote and understanding the graph's end behavior.

Frequently Asked Questions

What is the horizontal asymptote of the function
f(x) =2 / 3™x?

The horizontal asymptote is y = 0.

Is the horizontal asymptote of f(x) = 2 / 3”x on the
X-axis or the Y-axis?

It is on the X-axis, which corresponds to y = 0.



Why does the function f(x) = 2 / 3”x have a
horizontal asymptote at y = 07

Because as x approaches infinity, 3”x grows large, making 2 / 3”x approach 0;
similarly, as x approaches negative infinity, the function approaches 0 from
above.

How do I identify the horizontal asymptote of
exponential functions like f(x) = 2 / 3”x?

Look at the behavior of the function as x approaches infinity and negative
infinity; the value it approaches is the horizontal asymptote.

Does the horizontal asymptote change if the
numerator or denominator of f(x) = 2 / 3”x is
altered?

Yes, changing the numerator or denominator can affect the horizontal
asymptote if it alters the end behavior of the function.

Can a function have more than one horizontal
asymptote?

No, most functions have at most one horizontal asymptote, which represents
their end behavior as x approaches infinity or negative infinity.

Is the horizontal asymptote always on the X-axis for
exponential decay functions like f(x) = 2 / 3”x?

Not necessarily; it depends on the function, but for f(x) = 2 / 3"™x, the
asymptote is on y=0, which is the X-axis.

How does the base of the exponential, 3 in this
case, influence the horizontal asymptote?

The base affects the growth or decay rate, but the horizontal asymptote
depends on the end behavior, which for 2 / 3™x is y=0 regardless of the base
> 1.

What is the significance of the horizontal asymptote
in understanding the graph of f(x) = 2 / 3"x?

It shows the value the function approaches but never reaches as x becomes
very large or very small, helping to understand its long-term behavior.



Is the horizontal asymptote at y=0 relevant for
functions that involve exponential decay?

Yes, exponential decay functions like f(x) = 2 / 3™x typically approach y=0
as X approaches infinity, making y=0 the horizontal asymptote.

Additional Resources
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Understanding the behavior of functions at their limits is a fundamental
aspect of calculus and algebra. When analyzing the function \(f(x) =
\frac{2}{3”x}\), one of the key features to investigate is its horizontal
asymptote. Recognizing whether this asymptote lies on the x-axis or the y-
axis helps in visualizing the graph and understanding the long-term behavior
of the function as \(x\) approaches positive or negative infinity. This
article will thoroughly explore what a horizontal asymptote is, analyze the
function \(f(x) = \frac{2}{3"x}\), and clarify whether its asymptote is on
the x-axis or the y-axis.

Understanding Horizontal Asymptotes

A horizontal asymptote describes the line that a graph approaches as \(x\)
tends toward infinity or negative infinity. It indicates the end behavior of
the function. Horizontal asymptotes are crucial in graphing because they tell
us about the limits of the function and how it behaves at the extremes of the
domain.

What Is a Horizontal Asymptote?

A line \(y = L\) is a horizontal asymptote of a function \(f(x)\) if:
- \(\lim {x \to \infty} f(x) = L\), or
- \(\lim_{x \to -\infty} f(x) = L\).

In simpler terms, as \(x\) becomes very large (positive or negative), the
function gets arbitrarily close to the line \(y = L\).

Common Types of Horizontal Asymptotes

- Functions approaching a finite constant \(L\) as \(x \to \pm \infty\).
- Functions with no horizontal asymptote if they grow without bound or
oscillate indefinitely.



Analyzing the Function \(f(x) = \frac{2}{3"x}\)

The given function is a rational exponential function. To understand its
asymptotic behavior, it is essential to analyze how \(f(x)\) behaves as \(x
\to \infty\) and \(x \to -\infty\).

Behavior as \(x \to \infty\)

When \(x\) becomes very large (positive), \(3"x\) grows exponentially. Since
\(f(x) = \frac{2}{3"x}\), the numerator remains constant at 2, but the
denominator becomes enormous. Therefore:

\ [

\lim_{x \to \infty} \frac{2}{3"x} = 0

\1]

This indicates that as \(x\) approaches infinity, \(f(x)\) approaches 0.

Behavior as \(x \to -\infty\)

When \(x\) becomes very large in the negative direction, \(3”x\) approaches
zero because:

\ [

3*x = e™{x \ln 3}

\1]

and as \(x \to -\infty\), \(x \ln 3 \to -\infty\), so:
\ [

3*x \to 0™+

\1]

Consequently:

\ [

f(x) = \frac{2}{3"x} \to \frac{2}{0"+} = +\infty
\1]

This means that as \(x \to -\infty\), the function increases without bound,
growing infinitely large.

Identifying the Horizontal Asymptote

Based on the above analysis, the limits are:
- \(\lim_{x \to \infty} f(x) = 0\),
- \(\lim {x \to -\infty} f(x) = +\infty\).

Because the function approaches a finite value (0) as \(x \to \infty\), and
it does not approach a finite value as \(x \to -\infty\) (instead it diverges
to infinity), we conclude:

The horizontal asymptote of \(f(x) = \frac{2}{3"x}\) is the line \(y = 0\).



This line is on the y-axis, which is the line \(y = 0\).

Visualizing the Graph

The graph of \(f(x) = \frac{2}{3"x}\) is a decreasing exponential curve:

- It starts very high when \(x\) is very negative, approaching infinity.

- As \(x\) increases, the values decrease rapidly toward zero.

- The curve gets arbitrarily close to \(y=0\) but never actually touches it,
confirming the asymptote.

Is the Asymptote On the X-axis Or The Y-axis?

The key question is whether the asymptote is on the x-axis or the y-axis.

The Y-axis vs. The X-axis in Asymptotes

- The x-axis is the line \(y=0\).
- The y-axis is the line \(x=0\).

Since the asymptote for the function is the line \(y=0\), it lies on the x-
axis of the coordinate plane.

Therefore, the horizontal asymptote is on the x-axis, specifically the line
\ (y=0\).

Features and Summary of \(f(x) =
\frac{2}{3"x}\)

Let's summarize the features of this function:

Features:

- Type: Exponential decay function.

- Domain: All real numbers \(\mathbb{R}\).

- Range: \((0, +\infty)\).

- Horizontal asymptote: \(y=0\) (x-axis).

- Behavior at infinity:

- As \(x \to \infty\), \(f(x) \to 0O\).

- As \(x \to -\infty\), \(f(x) \to +\infty\).
- Intercept: \(f(0) = \frac{2}{370} = 2\).

- Monotonicity: Decreasing function.

Pros & Cons of this analysis:



- Pros:

- Clearly identifies the asymptote's position.

- Uses limit analysis for definitive conclusions.

- Visualizes the function's end behavior effectively.

- Cons:

- Does not explicitly include graph sketches (though visual understanding is
implied).

- Assumes familiarity with exponential functions and limits.

Conclusion

In conclusion, the function \(f(x) = \frac{2}{3”x}\) has a horizontal
asymptote at \(y=0\). This asymptote is on the x-axis, not the y-axis. As
\(x\) increases, the function approaches this asymptote from above, getting
closer but never touching it. Conversely, as \(x\) decreases toward negative
infinity, the function diverges to infinity, illustrating exponential decay
behavior with a clear end limit at zero.

Understanding the placement of asymptotes not only aids in graphing but also
enhances comprehension of a function's long-term behavior. Recognizing that
the asymptote at \(y=0\) is on the x-axis provides a straightforward visual
cue for interpreting the function's trend, especially in calculus and algebra
contexts.

In summary:

- The horizontal asymptote of \(f(x) = \frac{2}{3"x}\) is the line \(y=0\).
- It is on the x-axis, not the y-axis.

- The function approaches this asymptote as \(x \to \infty\), confirming the
exponential decay characteristic.
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