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Understanding the relationship between graphs and their equations is a fundamental aspect of
algebra and coordinate geometry. When multiple graphs share the same shape but differ in size,
position, or orientation, they often represent transformations of a common parent function. In this
article, we will explore how to determine the equation of the red graph when given that it shares the

same shape as other graphs, analyze the types of transformations involved, and learn methods to
derive the specific equation of the red graph.

Understanding Graph Shapes and Parent Functions

What Is a Parent Function?

A parent function is the simplest form of a set of functions that share a common shape or pattern.
Examples include:

e Linear function: y = x

¢ Quadratic function: y = x2

¢ Absolute value function: y = x|

e Cubic function: y = x3

e Square root function: y = vx

e Exponential function: y = a™x

These functions serve as the starting point for transformations that produce other graphs with
similar shapes.

Graph Transformations and Their Effects

Transformations alter the position, size, or orientation of the parent graph without changing its
fundamental shape. Common transformations include:



e Vertical shifts: Moving the graph up or down (adding or subtracting a constant to y).

e Horizontal shifts: Moving the graph left or right (adding or subtracting a constant to x inside
the function).

¢ Vertical stretching/compression: Making the graph steeper or flatter (multiplying the
function by a constant).

e Horizontal stretching/compression: Squeezing or stretching the graph horizontally
(multiplying the input x by a constant).

e Reflections: Flipping the graph across the x-axis or y-axis (negating the function or input).

When graphs share the same shape but differ in position or scale, they are typically related through
these transformations applied to a parent function.

Analyzing the Given Graphs

Suppose you are presented with multiple graphs: a blue graph, a green graph, and a red graph. You
are told that all three share the same shape, but the red graph’s equation is unknown. To determine
the equation of the red graph, follow these steps:

Step 1: Identify the Parent Function

Examine the graphs to recognize the basic shape:

- Does the graph resemble a parabola? Likely a quadratic function y = x2.
- Does it look like a straight line? A linear function y = mx + b.

- Does it have a V-shape? An absolute value functiony = |x - h| + k.

- Is it exponential? y = a”x + h.

The shape provides a clue about the parent function.

Step 2: Compare the Known Graphs

Look at the blue and green graphs:
- Note their equations or key points.
- Observe their shifts, stretches, or reflections relative to the parent function.

- Record their transformations to understand how they relate to the parent.

This comparison helps you understand how the original function is modified to produce each graph.



Step 3: Determine the Transformation Parameters

Using key points:

e Identify a point on the graph, such as the vertex or intercepts.

e Compare its coordinates to the corresponding point on the parent function.

Calculate the transformations:
- Horizontal shift: h (if the vertex shifts left or right).
- Vertical shift: k (if the vertex shifts up or down).

- Horizontal stretch/compression: scale factor inside the function.
- Vertical stretch/compression: scale factor outside the function.

Step 4: Use Algebra to Find the Equation of the Red Graph

Once the transformations are known, write the equation by applying them to the parent function.
For example, if the parent is y = x?, and the red graph is shifted 3 units right and 2 units up, the
equation becomes:

\[y=(x-3)"2+2\]

If the graph is also stretched vertically by a factor of 4, then:

\[y=4(x-3)"2+2\]

Similarly, if the shape is a different type, substitute the appropriate parent function.

Practical Example: Finding the Equation of the Red
Graph

Let's consider a concrete example where the graphs are quadratic functions.

Given Data:

- The blue graphisy = (x + 1)? - 2

- The green graph isy = 2(x - 2)?> + 3

- The red graph’s vertex is at (4, -1), and it opens upward with the same shape as the blue and green
graphs.



Step-by-Step Solution:

Step 1: Recognize the parent function is y = x? (quadratic).

Step 2: Analyze the graphs:

- Blue graph is shifted left by 1 and down by 2.

- Green graph is shifted right by 2 and up by 3.

- The red graph has a vertex at (4, -1), which indicates a shift of +4 in x and -1 in y from the parent.
Step 3: Find the transformation parameters:

- Since all graphs are quadratic, the basic form isy = a(x - h)? + k.

- For the red graph, the vertex form directly gives h = 4, k = -1.

- To find the coefficient a, compare with the other graphs:

Given the shape is the same, the coefficient a may be 1 unless a vertical stretch is involved.
Step 4: Write the equation:

[y=ax-4)"2-1\]

Determine a using additional info: For example, if a point on the red graph is (3, 0):

Plug in
\[0=a(3-4)"2-1\]
\[0=a(-1)"2-11\]
\[0=a(l)-1\]
\[a=1\]

Final Equation:
\[y=(x-4)"2-1\]

This is the equation of the red graph.

Common Types of Graphs and Their Equations

Understanding the common shapes helps in identifying the equations based on their graphs.

Quadratic Graphs

- Shape: Parabola opening upward or downward.
- Equation form: \(y = a(x- h)"2 + k)



Linear Graphs

- Shape: Straight line.
- Equation form: \(y = mx + b))

Absolute Value Graphs

- Shape: V-shaped.
- Equation form: \(y = a|x - h| + k)

Exponential Graphs

- Shape: Rapid growth or decay.
- Equation form: \(y = a \cdot b~ {x - h} + k)

Summary and Tips for Determining the Equation

- Always identify the parent function by examining the graph shape.

- Use key points, such as vertices or intercepts, to determine shifts.

- Recognize transformations: shifts, stretches, compressions, and reflections.
- Write the equation in the vertex form or standard form as appropriate.

- Verify your equation by plugging in known points from the graph.

Conclusion

When graphs share the same shape, their equations are closely related through transformations of
the parent function. By carefully analyzing the position, size, and orientation of each graph relative
to the parent, you can derive the specific equation of the red graph or any other graph sharing that
shape. This process involves recognizing the pattern, identifying the transformation parameters, and
applying algebraic techniques to formulate the equation. Mastering these skills enhances your
understanding of how functions behave and how their graphs relate to algebraic expressions.

Whether dealing with quadratics, lines, absolute values, or exponential functions, the key is

systematic analysis and a solid grasp of transformations. With practice, determining the equation of
a graph based on its shape becomes an intuitive part of your mathematical toolkit.

Frequently Asked Questions



If two graphs have the same shape but different positions, how
can we determine the equation of the red graph?

We analyze the transformations such as shifts, reflections, or stretches applied to the base graph to
find the red graph's equation. By comparing key points and the general form, we can determine its
specific equation.

What does it mean when two graphs have the same shape but
different colors in terms of their equations?

It means the graphs are similar in their shape, indicating they are transformations of the same
parent function, but they have different parameters or shifts that change their position or scale,
which are reflected in their equations.

How can the slope and intercept help in finding the equation
of the red graph if it has the same shape as another graph?

If the graphs are lines with the same shape, the slope remains constant, and differences in
intercepts indicate vertical shifts. Using these, we can write the equation of the red graph based on
its specific intercepts and slope.

Are the equations of two graphs with the same shape always
similar? How do transformations affect their equations?

Yes, the equations are related through transformations like translation, reflection, or stretching.
These transformations modify the base equation's parameters, allowing us to derive the red graph's
equation from the original.

What steps should I follow to find the equation of a red graph
that has the same shape as a given graph?

Identify key features such as vertex, intercepts, slope, or asymptotes, determine the type of
transformation applied, and then apply the inverse transformations to find the red graph's equation
based on the known graph.

Additional Resources
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Understanding the properties of graphs and their underlying equations is a cornerstone of algebra
and calculus. When presented with multiple graphs that share the same shape—also known as
similar graphs—the challenge often lies in determining the specific equation that corresponds to a
particular graph, in this case, the red graph. This task requires a nuanced understanding of
transformations, the general forms of common functions, and how these influence the appearance of
the graphs.



In this comprehensive review, we will explore the principles of graph similarity, analyze the
characteristics of different types of functions, and develop a systematic approach to deducing the
equation of the red graph. Our journey will incorporate detailed explanations of transformations, the
significance of key features such as intercepts and asymptotes, and practical strategies for reverse-
engineering equations from graphical data.

Understanding Graph Similarity and Transformations

What Does It Mean for Graphs to Have the Same Shape?

When two or more graphs are said to have the same shape, they are generally considered similar
graphs. Geometrically, this means one graph can be obtained from the other through a series of
transformations such as:

- Translations (shifting horizontally or vertically)

- Reflections (flipping over an axis)

- Dilations/Scaling (stretching or compressing along axes)

- Rotations (less common in simple algebraic functions but relevant in advanced contexts)

For example, consider the basic parabola \( y = x™~2\). A graph that looks like this but shifted 3 units
to the right and 2 units up would be represented as \(y = (x - 3)"2 + 2\). These transformations
preserve the overall shape—parabolic form—but change the position on the coordinate plane.

Key Point: Graphs with the same shape are similar in terms of their geometric structure, but their
equations differ by parameters that control position, size, and orientation.

Transformations and Their Effect on Equations

To understand how to find the specific equation for the red graph, it's crucial to analyze how
transformations affect the equation:

- Horizontal shifts: \( y = f(x - h) \) shifts the graph \( h \) units right.

- Vertical shifts: \( y = f(x) + k) shifts the graph \( k \) units up.

- Vertical stretching/compression: \(y = a \cdot f(x) \) stretches or compresses the graph vertically
by factor \( |a] \).

- Horizontal stretching/compression: \( y = f(bx) \) compresses or stretches the graph horizontally by
factor \( 1/|b] \).

- Reflection over axes: negative coefficients flip the graph across the corresponding axis.

Understanding these effects allows us to relate the basic form of a function to its transformed
variant, which is essential for reverse-engineering the equation from a given graph.



Analyzing the Graphs: Key Features and Characteristics

Before deducing the equation, it’s important to carefully examine the graphical features of the red
graph and compare them with the other graphs.

Identifying the Basic Shape

The first step is to determine the fundamental type of function:

- Linear: A straight line characterized by a constant rate of change.

- Quadratic: A parabola with a characteristic U-shape (opening upwards or downwards).
- Cubic or higher-degree polynomial: More complex curves with inflection points.

- Exponential: Rapid growth or decay, typically curved.

- Logarithmic: Increasing slowly, with a vertical asymptote.

- Rational functions: Functions with asymptotes and potential discontinuities.

Suppose the graphs resemble a parabola; then the basic function is likely quadratic.

Locating Critical Features

Once the basic shape is identified, focus on key features:

- Vertex or turning point: The highest or lowest point in a parabola or a point of inflection.

- Intercepts: Where the graph crosses the axes.

- Asymptotes: Lines that the graph approaches but never touches (common in exponential or rational
functions).

- Symmetry: Whether the graph is symmetric with respect to the y-axis, x-axis, or a line \( x = h'\).

For instance, if the red graph has a vertex at (h, k), then the vertex form of a parabola can be written
as:

\[y=a(x-h)"2 +k\]

which makes it easier to find the precise equation once \(a\), \( h\), and \( k) are known.

Developing a Systematic Approach to Find the Equation

The process of determining the red graph's equation involves a series of logical steps and
calculations:



Step 1: Gather Observational Data

- Identify key points: Plot or read off the coordinates of points on the graph.

- Note intercepts: Where the graph crosses axes.

- Determine the shape and symmetry: Is it a parabola, hyperbola, or other?

- Observe asymptotes or discontinuities: Indicate rational, exponential, or logarithmic functions.

Step 2: Choose the Appropriate Function Family

Based on the features:
- Parabolas suggest quadratic functions.

- Curves with asymptotes suggest rational, exponential, or logarithmic functions.
- Straight lines suggest linear functions.

Step 3: Use Known Points to Form Equations

For example, for a quadratic:
\[y=a(x-h)"2+k\]

- Plug in the vertex point \((h, k)\).
- Use additional points to solve for \(a ).

If the vertex isn't known, use intercepts and other points to establish a system of equations.

Step 4: Solve for Parameters

- Use algebraic methods (substitution, elimination) to find the parameters.
- Confirm the fit by plugging in other known points.

Step 5: Verify the Equation

- Check if the derived equation reproduces all the key features.
- Confirm that the shape matches the red graph.

Applying the Approach: A Hypothetical Scenario



Suppose the graphs are parabolas, and the red graph has:
- Vertex at (2, 3)

- Passes through (4, 7)

- Symmetric about \( x=2)

The vertex form:

\[y=ax-2)"2+3\]

Using point (4, 7):

Thus, the red graph’s equation:
\[y=(x-2)"2+3\]

This process exemplifies how to determine the explicit formula once key features are identified.

Considering Variations and Complexities

In real-world problems, graphs may not be perfect or may contain noise. Variations include:

- Transformations with multiple steps: e.g., a parabola shifted, stretched, and reflected.

- Multiple functions with similar shapes: Differing only by scale or translation.

- Functions with parameters: For example, \(y = a x~2 + bx + c\), where multiple parameters need
solving.

In such cases, multiple points and features are crucial for constraining the parameters.

Conclusion: Deciphering the Equation of the Red Graph

The question, "The graphs below have the same shape. What is the equation of the red graph?"
encapsulates a fundamental challenge in algebra: interpreting graphical data to infer algebraic
relationships. By understanding the principles of graph similarity and transformations, analyzing key
features of the graphs, and systematically solving for parameters, we can reliably derive the
equation that defines the red graph.



This analytical process emphasizes the importance of a detailed examination of the graph's shape,
intercepts, symmetry, and critical points. Whether dealing with simple linear functions or complex
rational or exponential functions, the core approach remains consistent: observe, analyze, formulate,
and verify.

In educational and practical contexts, mastering this skill enhances mathematical intuition, supports
problem-solving across disciplines, and deepens understanding of the intrinsic link between
algebraic formulas and their graphical representations. As such, the ability to deduce a function's
equation from its graph is not just an academic exercise but a vital analytical tool applicable to
science, engineering, economics, and beyond.
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