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Understanding the vertical displacement of a basic trigonometric graph is fundamental in graph
transformation techniques. When analyzing the function y = - 3 Cos(x - 2), it is essential to identify
how the graph of the basic cosine function y = Cos(x) has been modified. Specifically, this involves
examining shifts, stretches, and displacements applied to the basic graph to produce the given
function. In this article, we will explore in detail what vertical displacement entails, how it relates to
the transformations of the basic cosine graph, and how it applies to the given functiony =1 - 3
Cos(x - 2).

Understanding the Basic Cosine Graph

The Basic Cosine Function y = Cos(x)

The fundamental cosine graph y = Cos(x) is a periodic wave with the following characteristics:
- Amplitude: 1

- Period: 2n

- Range: [-1, 1]

- Starting Point: Cos(0) = 1

- Shape: Smooth, symmetric wave oscillating above and below the x-axis

Graphically, it peaks at x = 0 with y = 1, crosses the x-axis at x = 11/2, reaches a minimum at x = 1
with y = -1, and repeats every 2.

Transformations Applied to the Basic Cosine Graph

Transformations involve shifting, stretching, compressing, or reflecting the basic graph. The general
form of a transformed cosine function is:

\[ y = A\cdot \cos(B(x - C)) + D \]

where:



- A = amplitude (vertical stretch/compression and reflection)
- B = affects period (horizontal stretch/compression)

- C = horizontal shift (phase shift)

- D = vertical shift (displacement)

In the given function y = 1 - 3 Cos(x - 2), these components are evident, and understanding each
helps identify the vertical displacement.

Breaking Down the Functiony = 1 - 3 Cos(x - 2)

Identify Each Transformation Component

Let's compare y = i - 3 Cos(x - 2) to the general form:

\[ y = A\cdot \cos(B(x - C)) + D \]

- A (Amplitude): -3 (since it's -3 times cosine, indicating a reflection across the x-axis and a vertical
stretch)

- B (Frequency factor): 1 (since there's no coefficient multiplying x inside cosine)

- C (Horizontal shift): 2 (phase shift to the right by 2 units)

- D (Vertical shift): i (a constant added outside the cosine term)

Now, it's clear that the function involves several transformations, but our focus is on the vertical
displacement—the effect of D in the equation.

Determining the Vertical Displacement

What Is Vertical Displacement?

Vertical displacement (or shift) moves the entire graph up or down along the y-axis without altering
its shape. In the equation, it is represented by the constant term added or subtracted outside the
cosine function.

Vertical Shift in the Given Function

Iny =m- 3 Cos(x - 2), the constant term 1 is responsible for the vertical shift. This shifts the entire
cosine graph upwards by 1 units.



Key Point: The basic cosine graph y = Cos(x) is centered around y = 0 with a range of [-1, 1]. When
we add o to the entire function, the new graph is centered around y = 1, and the range shifts
accordingly.

Range of the Transformed Graph

The original cosine function y = Cos(x):
- Range: [-1, 1]

Applying the transformations:
- Vertical stretch/shrink: amplitude A = -3 (which also reflects the graph across the x-axis)

- Vertical shift: +m

The new maximum and minimum points are:

- Maximum y-value: When Cos(x - 2) =-1, y =1 - 3(- )

+
- Minimum y-value: When Cos(x-2)=1,y=n-3(1)=mn-3

Thus, the range of the transformed graph is from - 3 to m + 3.

Calculating the Vertical Displacement

Vertical Displacement vs. Amplitude

It is crucial to distinguish between vertical displacement (shift) and amplitude
(stretch/compression):

- Vertical displacement shifts the entire graph up or down.
- Amplitude affects the height of the peaks and troughs relative to the central axis.

In the given function, the vertical displacement is directly represented by 1.

Summary of Vertical Displacement

- The basic graph y = Cos(x) is centered at y = 0.
- The given graph y = 1 - 3 Cos(x - 2) is shifted upward by 1 units.
- The vertical displacement is therefore o units upward.

This means that the central axis, which was at y = 0 for the basic cosine, is now at y = 1.
Consequently, the entire cosine wave moves upward along the y-axis by o units.



Visualizing the Transformation

Graphical Interpretation

To better understand, consider the basic graph versus the transformed graph:
- The basic graph peaks at y = 1 and troughs aty = -1.
- The transformed graph peaks at y = m + 3 and troughs at y = 1 - 3.

This shift is purely vertical, with no change in the shape or period of the graph, indicating a vertical
displacement of i units upward.

Impact on the Graph's Range and Symmetry

The symmetry about the center line shifts from y=0 to y=mn, maintaining the wave's shape but
changing the central axis.

Summary and Final Remarks

Key Takeaways

- The basic cosine graph y = Cos(x) is centered at y=0.
- The function y = i - 3 Cos(x - 2) involves a vertical shift upward by 1 units.
- The vertical displacement is 1 units.

Additional Transformations in the Function

While the focus is on vertical displacement, it is important to recognize other transformations:
- Horizontal shift right by 2 units (due to x - 2 inside cosine).

- Reflection across the x-axis (due to the negative sign in front of 3).

- Vertical stretch by a factor of 3.

All these transformations collectively produce the given graph from the basic cosine.



Conclusion

The vertical displacement of the basic graph y = Cos(x) to produce the graph of y = i - 3 Cos(x - 2) is
a shift upward by 1 units. This displacement moves the center line of the cosine wave from y=0 to
y=m, altering the range accordingly. Understanding this transformation is essential for graphing and
analyzing trigonometric functions, especially when dealing with multiple transformations
simultaneously. Recognizing the role of each component in the function allows for accurate graph
sketching and a deeper comprehension of how basic functions can be modified to fit specific
contexts or data.

Frequently Asked Questions

What is the purpose of vertical displacement in graph
transformations?

Vertical displacement shifts the entire graph up or down without altering its shape, helping to match
the graph to the desired function's vertical position.

How do you determine the vertical displacement needed for
the graph of y = 1 - 3 cos(x - 2)?

The vertical displacement corresponds to the constant term outside the cosine function. In this case,
the vertical displacement is i units upward.

What is the basic graph involved in transformingtoy = - 3
cos(x - 2)?

The basic graph is the cosine function y = cos(x), which is then vertically shifted and scaled.

How does the coefficient -3 affect the graph of y = 1 - 3 cos(x -
2)?

The coefficient -3 affects the amplitude (stretching by a factor of 3) and reflects the graph across the
x-axis, but does not influence the vertical displacement directly.

What is the significance of the phase shift (x - 2) in the
transformation?

The phase shift of 2 units to the right shifts the basic cosine graph horizontally, but does not impact
vertical displacement.

Is the vertical displacement of the graph positive or negative



iny=m-3cos(x-2)?

It is positive, with a shift upward by 1 units, since the constant term is +1.

Can the vertical displacement be negative fory = i1 - 3 cos(x -
2)?

Yes, if the constant term were negative, indicating a downward shift; but in this case, it is positive 1,
so the shift is upward.

How would you graph y = 1 - 3 cos(x - 2) starting from the
basic cosine graph?

Begin with y = cos(x), stretch or compress vertically by a factor of 3 (amplitude), shift horizontally
by 2 units right, and then shift the entire graph upward by m units.

What is the overall vertical displacement of the basic cosine
graph to produce y = i1 - 3 cos(x - 2)?

The overall vertical displacement is an upward shift of m units.

Additional Resources
What Is The Vertical Displacement Of The Basic Graph To Produce A Graph Ofy = i1 - 3 cos(x - 2)?

Understanding how to manipulate basic trigonometric graphs is fundamental in algebra and
calculus. When asked about the vertical displacement of the basic graph to produce a graph of y = 1
- 3 cos(x - 2), we are essentially exploring how the original cosine function is shifted vertically to
arrive at this transformed function. This process involves analyzing transformations such as vertical
shifts, horizontal shifts, amplitude changes, and reflections. In this article, we will break down these
concepts step-by-step, providing a comprehensive guide to understanding how the given function
relates to the basic cosine graph and how its vertical displacement is determined.

Introduction to Basic Cosine Graphs
The Standard Cosine Function

The basic cosine function, y = cos(x), is a fundamental periodic function with the following
properties:

- Amplitude: 1 (the maximum and minimum values are 1 and -1 respectively)
- Period: 21 (the length of one complete cycle)

- Phase Shift: None (starts at a maximum when x = 0)

- Vertical Shift: None (centered at y=0)

- Horizontal Shift: None



- Reflection: None

Graphically, y = cos(x) is a wave starting at a maximum point (y=1) when x=0, oscillating between 1
and -1.

Transformation of Basic Cosine Graphs

Transformations are applied to the basic cosine graph through modifications in the function's
formula:

- Amplitude change: y = A cos(B(x-C)) + D

Changes the height of the wave (A) and the period (via B).

- Horizontal shift (phase shift): x is replaced with x - C

Shifts the graph left or right.

- Vertical shift: y = ... + D

Moves the graph up or down.

- Reflection: Multiplying by -1 reflects the graph across the x-axis.

Understanding these transformations allows us to analyze complex functions and determine how the
basic graph is altered.

Analyzing the Functiony = 1 - 3 cos(x - 2)

Let's decompose the function into parts to identify the transformations:
y=1-3cos(x-2)

Step 1: Recognize the basic form

This resembles the general form:

y =D - A cos(B(x - C))

- The term -3 cos(x - 2) is the core cosine component, scaled and shifted.
- The m added at the front adjusts the vertical position.

Step 2: Break down the function into transformations

- Amplitude (A): 3
The coefficient of cos(x - 2) is 3, which affects the height of the wave.

- Horizontal shift (phase shift): 2
The argument of the cosine is (x - 2), indicating the graph shifts to the right by 2 units.

- Vertical shift (D): ot
The entire cosine wave is shifted vertically upward by m units.



- Reflection: The negative sign before 3 indicates a reflection across the x-axis.

Determining the Vertical Displacement

The core question revolves around what is the vertical displacement of the basic graph to produce
this transformed graph? To answer this, we need to understand how the original cosine graph
(y=cos(x)) is shifted vertically.

Step 1: Recognize the basic graph's key points

For y=cos(x):

- Max value: 1 at x=0

- Min value: -1 at x=n

- Equilibrium or midline: y=0

Step 2: Find the transformed graph's key points

The transformed function is:

y=1-3 cos(x - 2)

The midline (average of maximum and minimum values) is important for understanding vertical
displacement.

- The maximum value of y occurs when cos(x - 2) = -1 (since there's a negative sign in front):
ymax=1u-3(-1)=mn+ 3

- The minimum value occurs when cos(x - 2) = 1:

ymin=n-3(1)=mn-3

- The midline (average of y max and y min):

midline=((m+3)+ (-3))/2=Q2n)/2=mn

This indicates the midline of the transformed graph is at y=m.

Step 3: Compare to the basic graph

- The basic cosine graph oscillates around y=0.
- The transformed graph oscillates around y=11.

Thus, the entire graph has undergone a vertical shift upward by m units.

Visualizing the Transformation



To better understand, imagine the basic cosine wave:

- Starts at a maximum of 1 when x=0
- Oscillates between 1 and -1

After applying the transformations:

- The wave is reflected across the x-axis (due to the negative coefficient)

- The amplitude is scaled to 3 (oscillates between 3 and -3 before the shift)
- The wave is shifted horizontally to the right by 2 units

- The entire wave is shifted upward by 1 units

The critical point here is that the vertical displacement of the graph relative to the basic cosine
graph is a shift upward by m units.

Summarizing the Vertical Displacement

What Is Vertical Displacement?

Vertical displacement refers to how far the graph has moved up or down relative to its original
position. In the context of the basic cosine graph y=cos(x), which oscillates around y=0, any upward
or downward shift modifies its midline position.

In the given functiony = 1 - 3 cos(x - 2):

- The midline is at y=m.
- The basic cosine graph's midline is at y=0.

Therefore, the vertical displacement is i1 units upward.

Additional Insights and Related Transformations

While the focus is on vertical displacement, it's helpful to understand related transformations in the
context of the overall function.

1. Amplitude Change

- The amplitude has increased from 1 to 3.
- This affects the height of the wave but does not influence the vertical displacement.

2. Horizontal Shift
- The phase shift of 2 units to the right is due to (x - 2).
3. Reflection

- The negative sign reflects the graph across the x-axis.



4. Vertical Shift

- The addition of m shifts the entire wave upward.

Practical Applications and Visualization Tips
Understanding such transformations is vital for:

- Graphing complex trigonometric functions accurately.
- Solving real-world problems involving periodic phenomena (e.g., sound waves, tides).
- Recognizing how modifications in equations affect their graphs.

Visualization Tip:
Plot the basic cosine graph y=cos(x) first. Then, apply the transformations step by step:

1. Reflect across the x-axis (multiplied by -1).
2. Scale vertically by a factor of 3.

3. Shift horizontally right by 2 units.

4. Shift vertically upward by 1 units.

This process helps in visualizing how the graph morphs from the basic cosine wave to the given
function.

Final Summary

- The basic cosine graph y=cos(x) is centered at y=0 with an amplitude of 1.

- The function y=m - 3 cos(x - 2) involves several transformations:

- Reflection across the x-axis (due to the negative sign).

- Vertical scaling (amplitude of 3).

- Horizontal shift (phase shift of 2 units right).

- Vertical shift (upward by 1 units).

- The vertical displacement of the basic graph to produce this graph is upward by 1 units.

In conclusion, the vertical displacement of the basic cosine graph to produce the graph of y =1 - 3
cos(x - 2) is i units upward. Recognizing this shift aids in graphing and understanding the behavior
of transformed trigonometric functions, a skill essential for advanced mathematics and real-world
applications.
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