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Understanding the behavior of polynomial functions is fundamental in algebra
and calculus. These functions are characterized by their degree, leading
coefficient, and roots or zeros—points where the graph intersects the x-axis.
Identifying zeros is crucial because it provides insight into the
polynomial's factors and overall shape.

In this article, we will analyze four polynomial graphs to determine which
one of them has zeros at \( x = 2 \) and potentially other zeros as well.
Recognizing the zeros from the graph involves analyzing the points where each
graph crosses or touches the x-axis, the multiplicity of these points, and
the overall shape of the graphs.

Understanding Polynomial Zeros and Their
Significance

What Are Zeros of a Polynomial?

Zeros of a polynomial are the values of \( x \) for which the polynomial
evaluates to zero:

\

P(x) =0

\1]

Graphically, these are points where the graph intersects the x-axis. The
zeros can be real or complex; however, in the context of graph analysis, we
focus on real zeros visible on the graph.

Multiplicity of Zeros

The multiplicity of a zero refers to how many times a particular root
appears.
- If a zero has odd multiplicity, the graph crosses the x-axis at that zero.



- If a zero has even multiplicity, the graph touches or "bounces off" the x-
axis without crossing it.

Understanding the multiplicity helps in accurately identifying the zeros from
the graph.

How to Identify Zeros From the Graph

Identifying zeros involves careful observation:

- Intercepts: Look for points where the graph crosses the x-axis.

- Touching Points: Graphs that just touch the x-axis and turn back indicate
zeros with even multiplicity.

- Behavior Near the Zero: The shape of the graph near the x-intercept can
suggest the multiplicity (e.g., a tangent point suggests a double root).

Given four polynomial graphs, the task is to analyze each and determine which
one has a zero at \( x =2 \).

Analyzing the Four Polynomial Graphs

Let's systematically examine each graph:

Graph 1

- Observation: The graph crosses the x-axis at \( x = 2 \).

- Behavior: The crossing appears to be smooth, indicating a simple zero
(multiplicity 1).

- Other Zeros: No other x-intercepts are visible.

- Conclusion: This graph has \( x = 2 \) as a zero with multiplicity 1.

Graph 2

- Observation: The graph touches the x-axis at \( x = 2 \) but does not cross
it.

- Behavior: The touch and bounce back suggest an even multiplicity, likely 2.
- Other Zeros: Additional x-intercepts should be checked for, but none seem
apparent.

- Conclusion: The zero at \( x = 2 \) has multiplicity 2.

Graph 3

- Observation: The graph crosses the x-axis at \( x = 2 \) and again at
another point, indicating multiple zeros.
- Behavior: The crossing at \( x = 2 \) appears smooth, similar to Graph 1.



- Other Zeros: A second crossing at, say, \( x = 4 \).
- Conclusion: \( x = 2 \) is a zero with multiplicity 1.

Graph 4

- Observation: The graph touches the x-axis at \( x = 2 \) and bounces back,
similar to Graph 2.

- Behavior: Touching without crossing indicates even multiplicity, possibly
4.

- Other Zeros: No other zeros are apparent.

- Conclusion: Zero at \( x=2 \) has even multiplicity, likely 4.

Summary of Graph Analysis

| Graph | Zero at \( x=2 \)? | Behavior at \( x=2 \) | Zero Multiplicity |
Additional Zeros |

| Graph 1 | Yes | Crosses the x-axis | 1 | None visible |

| Graph 2 | Yes | Touches and bounces | 2 | None visible |

| Graph 3 | Yes | Crosses the x-axis | 1 | Possibly another zero |
| Graph 4 | Yes | Touches and bounces | 4 | None visible |

Based on the analysis, Graphs 1, 2, 3, and 4 all have a zero at \( x=2 \),
but the nature of that zero differs.

Determining Which Polynomial Has Zero at \( x=2
\)

The question is: Which of these functions has zeros at \( x=2 \)? The answer
depends on the specific behavior observed:

- Graphs 1 and 3: The zero at \( x=2 \) is a simple root, crossing the x-
axis.

- Graphs 2 and 4: The zero at \( x=2 \) is a repeated root, where the graph
touches but does not cross the x-axis.

If the question specifies "which one of these functions has zeros of 2," it
could imply multiple zeros with various multiplicities or focus on the
simplest zero.

Clarification:

- If the goal is to identify all graphs with a zero at \( x=2 \), then all
four graphs qualify.

- If the focus is on a specific type of zero (e.g., a simple zero at \( x=2



\)), then Graphs 1 and 3 meet this criterion.

Additional Context:
In many polynomial functions, the zero's multiplicity influences the shape of
the graph:

- Simple zero (multiplicity 1): The graph crosses the x-axis.

- Double zero (multiplicity 2): The graph touches and bounces off the x-axis.
- Higher even multiplicity: The graph flattens or appears to "bounce" more
sharply.

Given this, the graphs with zeros at \( x=2 \) and crossing the x-axis are
Graphs 1 and 3.

How to Confirm the Zero at \( x=2 \)
Mathematically

While the visual analysis is helpful, confirming zeros mathematically
involves:

1. Reading the polynomial's factors: If the polynomial is factored as \( P(x)
= k(x - r)”m \times \text{other factors} \), zeros are at \( x = r \) with

multiplicity \( m \).

2. Using synthetic division or polynomial division: To check if \( (x - 2) \)
is a factor by dividing the polynomial.

3. Calculating \( P(2) \): If the polynomial is known explicitly, evaluate \(
P(2) \). If it equals zero, then \( x=2 \) is a zero.

Since the graphs are provided without explicit equations, the visual analysis
remains the primary method.

Conclusion: Which Polynomial Has Zeros of 2?

Based on the graphical analysis:

- Graphs 1 and 3 depict functions with a zero at \( x=2 \) where the graph
crosses the x-axis, indicating a simple zero with multiplicity 1.

- Graphs 2 and 4 show zeros where the graph touches the x-axis without
crossing, indicating multiplicity 2 or higher.

Therefore, if the question is about identifying a polynomial that has a zero
at \( x=2 \) corresponding to a crossing (simple zero), then Graphs 1 and 3
are the correct options.



If the focus is on zeros with even multiplicity (touching points), then
Graphs 2 and 4 are relevant.

Final note:

Understanding the behavior of polynomial graphs near zeros is essential in
both academic and practical contexts, such as physics and engineering, where
the shape of the function influences real-world phenomena.

In summary, by analyzing the behaviors—crossings or touchings—of the four
graphs at \( x=2 \), we can accurately determine which polynomial functions
have zeros at that point. Recognizing the difference between simple zeros and
roots with higher multiplicities enhances our comprehension of polynomial
functions and their graphical representations.

Frequently Asked Questions

Which of the four polynomial functions shown has
zeros at x = 27

The function that crosses the x-axis at x = 2 has a zero at that point. By
examining the graphs, identify the one that intersects the x-axis at x = 2.

How can you determine which polynomial function has
a zero at x = 2 from its graph?

Look for the graph that touches or crosses the x-axis exactly at x = 2. The
point where the graph intersects the x-axis corresponds to a zero of the
function at that x-value.

Can a polynomial have a zero at x = 2 without
crossing the x-axis?

Yes, if the zero at x = 2 is of even multiplicity, the graph will touch but
not cross the x-axis at that point.

If a polynomial function has a zero at x = 2, what
does that tell us about the factorization of the
function?

It indicates that (x - 2) is a factor of the polynomial, possibly raised to
some power depending on the multiplicity of the zero.



What features of the graph help identify the
multiplicity of the zero at x = 27

If the graph crosses the x-axis at x = 2, the zero has odd multiplicity. If
it merely touches and turns around, it has even multiplicity.

Are all zeros of polynomial functions visible on the
graph?

Most zeros appear where the graph intersects or touches the x-axis, but zeros
with very high multiplicity or certain behaviors may be less obvious.

How does the order of the zero at x = 2 affect the
shape of the graph near that point?

Higher multiplicity zeros cause the graph to flatten or touch the x-axis more
gently, while simple zeros typically result in a steeper crossing.

Given the four graphs, how can you conclusively
identify the one with a zero at x = 2?

Identify the graph that intersects or touches the x-axis at x = 2. Confirm by
noting if it crosses (zero of odd multiplicity) or just touches (zero of even
multiplicity) the x-axis at that point.

Additional Resources

Understanding Polynomial Graphs and Zeros: An In-Depth Analysis of the Four
Functions

In the realm of algebra and calculus, polynomial functions serve as
fundamental building blocks that describe a wide array of phenomena—from
physical systems to economic models. When examining polynomial graphs, one of
the most critical features to analyze is their zeros (or roots), which are
the x-values where the function intersects the x-axis. These zeros reveal
crucial information about the function's behavior, roots multiplicity, and
potential factors. The graphs presented below depict four distinct polynomial
functions, and a key question arises: which of these functions has zeros at
specific points—particularly at x=2 and another point (which we will explore
further)? This article aims to thoroughly analyze these graphs, interpret
their zeros, and understand the underlying algebraic structures that generate
such features.



Fundamentals of Polynomial Functions and Zeros

What Are Polynomial Functions?

Polynomial functions are algebraic expressions composed of variables and
coefficients, structured as sums of powers of the variable with non-negative
integer exponents. The general form of a polynomial function of degree n is:

\[ P(x) = a nx®n + a {n-1}x~{n-1} + \ldots + a 1x + a 0 \]

where \( a n \neq 0 \), and the degree \( n \) determines the end behavior
and the overall shape of the graph.

Zeros of Polynomial Functions

Zeros (or roots) of a polynomial are the x-values where the function
evaluates to zero:

\[ P(x) =0 \]

These zeros correspond to the x-intercepts of the graph. The multiplicity of
a zero indicates how many times that root occurs; for example, a zero at \(
x=2 \) with multiplicity 3 suggests that \( (x-2)"3 \) is a factor of the
polynomial.

Significance of Zeros

Zeros are vital because they:

- Define the points where the graph crosses or touches the x-axis.

- Indicate the factors of the polynomial via the Factor Theorem.

- Influence the shape and behavior of the graph near the zeros, especially
considering multiplicity.

Analyzing the Graphs: Key Features and Clues

Given four polynomial graphs, the goal is to determine which one has zeros at
\( x=2 \) and at another specific point (say, \( x=k \)). To do this, we need
to interpret the visual cues provided by each graph:



Step 1: Identifying X-Intercepts

Each graph's x-intercepts are the points where the graph crosses or touches
the x-axis. These points directly indicate the zeros of the polynomial. To
analyze:

- Note the x-coordinate(s) where the graph intersects the x-axis.

- Determine whether the graph crosses the x-axis (indicating a zero with odd
multiplicity) or just touches it (indicating an even multiplicity).

Step 2: Determining the Zero at x=2

The primary focus is to check whether any of the graphs pass through the x=2
line. This can be observed by:

- Looking for a point on the graph where the x-coordinate is exactly 2 and
the y-coordinate is 0.

- Confirming the behavior of the graph at \( x=2 \): does it cross the axis
or just touch?

Step 3: Examining the Other Zero

Similarly, for the second zero, observe the graph's intercepts. The zeros
other than \( x=2 \) can be identified by their x-intercepts. If the graph
touches or crosses the x-axis at some point \( x=k \), then that is a zero.

Step 4: Inferring Polynomial Factors

Based on the zeros identified, the factors of the polynomial can be inferred:

- Zero at \( x=2 \) suggests a factor \( (x-2) \).
- Zero at \( x=k \) suggests a factor \( (x-k) \).

The multiplicity of each zero can be deduced from the graph's behavior near
that x-intercept.

Detailed Examination of Each Polynomial Graph

Suppose the four graphs are labeled Graph 1, Graph 2, Graph 3, and Graph 4.
Each graph exhibits unique features that can help deduce their zeros.



Graph 1: Behavior and Zeroes

- Intercepts: Crosses the x-axis at \( x=2 \) and possibly at another point
\( x=k \).

- Shape Near Zeroes: Crosses the axis cleanly at \( x=2 \), indicating a
simple root with multiplicity 1.

- Additional Zero: The graph also intersects the x-axis at another point, say
\( x=4 \).

Inference: Graph 1 has zeros at \( x=2 \) and \( x=4 \). Both zeros are
simple roots, as the graph crosses the axis.

Graph 2: Behavior and Zeroes

- Intercepts: Touches the x-axis at \( x=2 \), but does not cross it,
suggesting a zero with even multiplicity, likely 2.

- Other Zeros: No other x-intercept visible in the range, or perhaps another
zero at \( x=0 \).

- Shape Characteristics: The graph appears tangent to the x-axis at \( x=2
\), indicating a zero of multiplicity 2.

Inference: Graph 2 has a zero at \( x=2 \) with multiplicity 2, and
potentially another zero at \( x=0 \).

Graph 3: Behavior and Zeroes

- Intercepts: Crosses at \( x=2 \) with a sharp crossing, indicating a simple
zero.

- Other Zeros: No other x-intercept visible in the graph.

- Additional Features: The graph’s end behavior indicates degree
considerations.

Inference: Graph 3 likely has a zero at \( x=2 \), with no indication of
other zeros in the observed range.

Graph 4: Behavior and Zeroes

- Intercepts: Touches or crosses the x-axis at \( x=2 \) and perhaps at \( x=
-3\).

- Shape Near Zeroes: If it touches at \( x=2 \) and does not cross, zero at
\( x=2 \) has even multiplicity.

- Additional Zeros: Other zeros visible at \( x=-3 \).

Inference: Graph 4 has zeros at \( x=2 \) and \( x=-3 \), with multiplicity
details inferred from the shape.



Determining Which Function Has Zeros at 2 and
Another Point

Based on the detailed analysis above, the key is to identify which graph
explicitly confirms zeros at \( x=2 \) and a second point, say \( x=k \). The
criteria are:

- The graph must intersect the x-axis at \( x=2 \).
- It must also intersect or touch the x-axis at another point.

From the interpretations:

- Graph 1: Zero at \( x=2 \) and \( x=4 \)

- Graph 2: Zero at \( x=2 \) (multiplicity 2) and possibly at \( x=0 \)
- Graph 3: Zero at \( x=2 \) only

- Graph 4: Zeros at \( x=2 \) and \( x=-3 \)

Conclusion:

- If the question specifies the second zero as \( x=4 \), then Graph 1 fits
perfectly.

- If the second zero is at \( x=0 \), then Graph 2 matches.

- If the second zero is at \( x=-3 \), then Graph 4 corresponds.

Assuming the second point is \( x=4 \), then Graph 1 is the function with
zeros at \( x=2 \) and \( x=4 \).

Algebraic Confirmation and Polynomial
Construction

To deepen the understanding, let's construct the polynomial functions based
on the zeros.

Polynomial with zeros at \( x=2 \) and \( x=4 \):
\[ P(x) = a(x-2)(x-4) \]
where \( a \) is a non-zero constant (determining the leading coefficient).

- Degree: 2 (quadratic)
- Shape: Parabola opening upwards or downwards depending on \( a \).



Polynomial with zeros at \( x=2 \) (multiplicity 2):
\[ P(x) = a(x-2)"2 \]

- Degree: 2
- Shape: Touches the x-axis at \( x=2 \) without crossing.

Polynomial with zeros at \( x=2 \) and \( x=-3 \):
\[ P(x) = a(x-2)(x+3) \]

- Degree: 2
- Shape: Crosses the x-axis at both points.

Implications of Multiplicity on Graph Shape

The multiplicity of zeros influences how the graph behaves near the roots:

- 0dd multiplicity (1, 3, 5, ...): The graph crosses the x-axis at the zero.
- Even multiplicity (2, 4,
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