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When analyzing the graph of a transformed absolute value function, understanding the various types of
transformations is essential. The parent function, f(x) = |x|, is a basic V-shaped graph centered at the origin.
When this graph is transformed, it can shift horizontally, vertically, stretch or compress, or reflect across
axes. The goal of this article is to guide you through the process of determining the equation of G(x), given its
graph, which is a transformed version of f(x) = |x|, by examining the transformations involved.

Understanding the Parent Function: f(x) = |x|

Before diving into transformations, it's crucial to grasp the key features of the parent function:

- Shape: The graph of f(x) = |x| is a V-shaped graph with its vertex at the origin (0,0).
- Symmetry: It is symmetric with respect to the y-axis.
- Break Point: The vertex at (0,0) where the two lines meet.
- Lines: Consists of two linear pieces:
- For x ≥ 0: y = x
- For x ≤ 0: y = -x

Understanding these features helps to identify how transformations alter the graph.

Types of Transformations of Absolute Value Functions

Transformations can be categorized into four main types:

1. Horizontal Shifts
- Moving the graph left or right.
- Represented by adding or subtracting a value inside the function argument: f(x ± h).
- Equation form: G(x) = |x - h| shifts the graph h units to the right if h > 0, and to the left if h < 0.

2. Vertical Shifts
- Moving the graph up or down.
- Achieved by adding or subtracting a constant outside the function: G(x) = |x| + k.
- Moves the entire graph k units upward if k > 0, downward if k < 0.

3. Vertical Stretching and Compression
- Changes the steepness of the V's arms.
- Involves multiplying the absolute value by a factor a: G(x) = a|x|.
- If |a| > 1, the graph is stretched vertically (steeper).
- If 0 < |a| < 1, the graph is compressed vertically (less steep).



4. Reflections
- Flipping the graph across an axis.
- Reflection over the x-axis: G(x) = -|x|.
- Reflection over the y-axis: G(x) = |–x|, which is identical to |x| due to symmetry, but in transformations
involving other functions, the negative inside or outside can cause reflections.

Step-by-Step Process to Write the Equation for G(x)

Given the graph of G(x), which is a transformation of f(x) = |x|, follow these steps:

1. Identify Key Features of G(x)
- Determine the vertex point (h, k).
- Observe the slopes of the arms (are they steeper or less steep than 1?).
- Check for any shifts left/right or up/down.
- Note whether the graph is reflected across axes.

2. Determine the Horizontal and Vertical Shifts
- If the vertex is at (h, k), then the function likely involves (x - h) and +k.
- For example, if the vertex is at (2, -3), the horizontal shift is 2 units to the right, and vertical shift is 3
units down.

3. Assess the Vertical Stretch or Compression
- If the arms of the graph are steeper than the original |x| graph, then the graph has been stretched.
- Look for the slopes of the arms; the original has slopes of ±1.
- For steeper arms, the slope magnitude is increased.

4. Write the Equation Incorporating All Transformations
- Combine the identified transformations into the general form.

General Equation Forms for Transformed Absolute Value Graphs

Based on the transformations, the general form of the equation can be:

- Horizontal shift: G(x) = |x - h| + k
- Vertical stretch/compression: G(x) = a|x - h| + k
- Reflection across axes: G(x) = a|x - h| + k, where a may be negative.
- Combination: G(x) = a|x - h| + k

Example: If the graph is shifted 3 units right, 2 units up, reflected over the x-axis, and stretched by a factor of
2, the equation becomes:

G(x) = -2|x - 3| + 2



Applying the Process: Sample Scenarios

Let’s consider some hypothetical examples to illustrate how to determine G(x):

Example 1: Vertex at (2, -3), arms steeper than |x|, with a vertical shift
downward

- The vertex at (2, -3) indicates a horizontal shift of +2 and a vertical shift of -3:
- G(x) = |x - 2| - 3
- The steeper arms suggest a vertical stretch factor a > 1:
- Suppose the slope of arms is 2, then:
- G(x) = 2|x - 2| - 3

Example 2: Vertex at (0, 0), reflected over x-axis, compressed vertically

- Reflection over the x-axis introduces a negative sign:
- G(x) = -|x|
- If the arms are less steep (slope of 0.5), then:
- G(x) = -0.5|x|

Visualizing Transformations on the Graph

Understanding transformations visually aids in confirming the algebraic form of G(x):

- Horizontal shifts: Look for the vertex location relative to the origin.
- Vertical shifts: Observe if the lowest or highest point of the V has moved.
- Reflections: Check if the graph is flipped over axes.
- Stretch/compression: Assess the steepness of the arms compared to the basic |x| graph.

Plotting the parent function alongside the transformed graph can help verify your equation.

Conclusion: From Graph to Equation

Determining the equation of a transformed absolute value function G(x) from its graph involves a systematic
process:

1. Identify key features like the vertex.
2. Recognize shifts horizontally and vertically.
3. Detect any reflections.
4. Assess the steepness of the arms for stretch or compression.
5. Combine these insights into the standard transformation form.

Mastering these steps allows you to accurately write the equation for G(x), given its graph, and understand
the nature of the transformations involved. Whether you're analyzing graphs in algebra or preparing for
calculus, these skills are fundamental to interpreting and manipulating absolute value functions effectively.



Additional Tips for Success
- Always start by sketching the parent function for comparison.
- Use the graph to estimate key points and slopes.
- Remember that transformations can be combined; analyze each step carefully.
- Practice with various graphs to become proficient in identifying transformations and writing equations.

By mastering these concepts, you will enhance your ability to analyze and work with transformed absolute
value functions confidently.

Frequently Asked Questions

What is the general form of the transformation applied to the graph of f(x)
= |x| to obtain G(x)?

The transformation can involve shifts, reflections, stretches, or compressions, resulting in a form like G(x) =
a|b(x - h)| + k, where a, b, h, and k are parameters representing vertical stretch/compression, horizontal
stretch/compression, horizontal shift, and vertical shift, respectively.

How can I identify the transformations applied to G(x) based on its graph
compared to f(x) = |x|?

Look for changes in the vertex position (shifts), the slope of the arms (stretch or compression), reflections
across axes (negative coefficients), and any horizontal shifts. These features help determine the specific
parameters in the transformed equation.

If G(x) appears narrower than |x|, what does that suggest about the
transformation?

A narrower graph indicates a vertical stretch, so the equation likely has an absolute value coefficient
greater than 1, such as G(x) = a|x| with a > 1, making the graph steeper.

What is the effect of a negative sign before the absolute value in G(x)?

A negative sign reflects the graph across the x-axis, flipping it upside down. For example, G(x) = -|x| is the
reflection of |x| across the x-axis.

How would a horizontal shift be represented in the equation of G(x)?

A horizontal shift is represented by adding or subtracting a value h inside the absolute value: G(x) = |x - h|
shifts the graph to the right by h units, while G(x) = |x + h| shifts it to the left.

Given the graph of G(x) is shifted 3 units to the right and 2 units downward
from |x|, what is the equation for G(x)?

The equation is G(x) = |x - 3| - 2, representing a right shift of 3 units and a downward shift of 2 units.

Additional Resources
Understanding the Transformation of the Graph of \( G(x) \) from \( f(x) = |x| \)



When exploring transformations of functions, especially the absolute value function \( f(x) = |x| \), it’s
crucial to understand how various shifts, stretches, compressions, and reflections modify the graph’s shape
and position. In this detailed review, we will analyze how to derive the equation of a transformed function \(
G(x) \) given the graph of \( G(x) \) as a transformation of \( f(x) = |x| \). We will delve into the types of
transformations, how they affect the original graph, and the systematic approach to write the precise
mathematical equation for \( G(x) \).

---

Fundamentals of the Absolute Value Function \( f(x) = |x| \)

Before analyzing specific transformations, it’s important to understand the basic properties and graph of \(
f(x) = |x| \):

- Shape and Vertex: The graph is a “V” shape with its vertex at the origin \((0,0)\).
- Line Segments: The graph consists of two straight lines:
- For \( x \geq 0 \), \( f(x) = x \).
- For \( x \leq 0 \), \( f(x) = -x \).
- Symmetry: It is symmetric with respect to the y-axis.
- Key points: \( (0,0) \), \( (1,1) \), \( (-1,1) \), etc.

Understanding these features allows us to recognize how transformations alter the shape and position of this
fundamental “V.”

---

Types of Transformations and Their Effects on \( |x| \)

Transformations can be categorized broadly into shifts, stretches/compressions, and reflections. Each
transformation modifies the original graph in a predictable way:

1. Horizontal Shifts

- Equation: \( f(x - h) \)
- Effect: Moves the graph left or right by \( h \) units.
- If \( h > 0 \), the graph shifts right by \( h \).
- If \( h < 0 \), it shifts left by \( |h| \).

2. Vertical Shifts

- Equation: \( f(x) + k \)
- Effect: Moves the graph up or down by \( k \) units.
- If \( k > 0 \), the graph shifts up.
- If \( k < 0 \), it shifts down.

3. Horizontal Compression and Stretch

- Equation: \( f(bx) \)



- Effect:
- If \( |b| > 1 \), the graph is horizontally compressed by a factor of \( 1/|b| \).
- If \( 0 < |b| < 1 \), the graph is horizontally stretched by a factor of \( 1/|b| \).

4. Vertical Compression and Stretch

- Equation: \( a \cdot f(x) \)
- Effect:
- If \( |a| > 1 \), the graph is vertically stretched.
- If \( 0 < |a| < 1 \), the graph is vertically compressed.
- If \( a < 0 \), additionally, the graph is reflected across the x-axis.

5. Reflections

- Across the y-axis: Replace \( x \) with \( -x \), i.e., \( f(-x) \).
- Across the x-axis: Multiply the entire function by \( -1 \), i.e., \( -f(x) \).

---

Step-by-Step Approach to Write the Equation of \( G(x) \)

Given the graph of \( G(x) \) as a transformation of \( f(x) = |x| \), follow these steps:

1. Identify Basic Features:
- Determine the location of the vertex.
- Find how the “V” shape has shifted or scaled.
- Note any reflections.

2. Determine Horizontal and Vertical Shifts:
- Check if the vertex is at some \( (h, k) \) other than \( (0,0) \).
- The vertex of \( G(x) \) is at \( (h, k) \), indicating a shift.

3. Identify Compression or Stretching:
- Analyze the slopes of the arms of the “V”.
- The slope of the right arm is \( m_1 \), and of the left arm is \( m_2 \).
- For \( f(x) = |x| \), slopes are \( 1 \) and \( -1 \).

4. Determine Reflections:
- Is the graph reflected across x-axis or y-axis?
- Reflection across the x-axis flips the graph upside down.
- Reflection across the y-axis mirrors the graph horizontally.

5. Combine Transformations:
- Write the transformation step-by-step, applying shifts, stretches, and reflections.

6. Write the Equation:
- Incorporate all transformations into a single equation.

---



Examples of Deriving \( G(x) \) from the Graph

Let’s consider specific cases to illustrate how to write \( G(x) \):

Case 1: Horizontal Shift

Suppose the vertex of the graph is at \( (h, 0) \). The transformed function is a shift of \( |x| \) to the right by
\( h \).

- Equation: \( G(x) = |x - h| \)

For example, if the vertex is at \( (3,0) \), then:

\[ G(x) = |x - 3| \]

---

Case 2: Vertical Shift

If the vertex is at \( (0, k) \):

- Equation: \( G(x) = |x| + k \)

For a vertex at \( (0, 4) \):

\[ G(x) = |x| + 4 \]

---

Case 3: Horizontal Compression/Stretch and Reflection

Suppose the arms of the “V” are steeper or shallower than the original \( |x| \), indicating a horizontal scaling:

- For a narrower “V” (steeper slopes), apply a horizontal compression: \( G(x) = |b \cdot (x - h)| + k \)

- For a wider “V” (shallower slopes), apply a horizontal stretch: \( 0 < |b| < 1 \).

If the graph is reflected across the y-axis, replace \( x \) with \( -x \):

\[ G(x) = | - (x - h) | + k = |-x + h| + k \]

---

Case 4: Vertical Stretch or Compression & Reflection

If the arms of the “V” are steeper or shallower:

- Use a coefficient \( a \):

\[ G(x) = a \cdot |x - h| + k \]



- If \( a < 0 \), the graph is reflected over the x-axis.

---

Complete Example: Deriving \( G(x) \) from a Specific Graph

Suppose the given graph of \( G(x) \) is a “V” with the vertex at \( (2, 3) \), the arms have slopes of \( 2 \)
and \( -2 \), and the graph is not reflected or compressed. How do we write the equation?

Step 1: Recognize the vertex at \( (2, 3) \):

\[ G(x) \text{ has vertex at } (h, k) = (2, 3) \]

Step 2: Determine the slopes:

- The slopes are \( \pm 2 \). The original \( |x| \) has slopes \( \pm 1 \).

- To get slopes \( \pm 2 \), apply a vertical stretch by a factor of 2:

\[ G(x) = 2 \cdot |x - 2| + 3 \]

Step 3: Final equation:

\[ G(x) = 2|x - 2| + 3 \]

This equation correctly reflects the graph’s vertex, slopes, and position.

---

Special Transformations and Their Impact on \( |x| \)

Beyond the basic transformations, some more complex modifications can be combined:

- Combining shifts and stretches: e.g., \( G(x) = a|b(x - h)| + k \)

- Reflections combined with other transformations: e.g., \( G(x) = -|x + h| + k \)

- Piecewise transformations: When the graph involves multiple transformations like reflections and shifts that
change the shape in different regions.

Understanding how to interpret these combinations is crucial for accurately writing the equation.

---

Summary and Key Takeaways

- The original \( f(x) = |x| \) graph is a symmetric “
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