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In the realm of mathematics, understanding the relationship between functions and their graphical
representations is fundamental. Graphs serve as powerful visual tools that simplify complex
relationships and facilitate problem-solving. One common challenge faced by students and
professionals alike is determining specific values or ranges of variables that satisfy certain
inequalities involving functions.

This article explores how to utilize graphical methods to find a number \( x \) such that, if \( x™4 <
\text{some value} \), then \( \tan x < 0.2 \). We will delve into the process step-by-step, providing a

comprehensive understanding of how graphs can aid in solving inequalities involving trigonometric
functions.

Understanding the Problem: Context and Objectives

Before we dive into graphing techniques, it’s crucial to interpret the problem correctly. The
statement:

"Use a graph to find a number such that if \( x~4 < \text{some value} \), then \(\tan x < 0.2 ))."
contains a few key components:

- The inequality involving \( x4 \): We need to identify the threshold value of \( x~4 ) that
influences the behavior of \( \tan x \).

- The condition \( \tan x < 0.2 \): This is a trigonometric inequality that restricts the domain of \( x \).
- The goal: To find the range of \( x \) satisfying both conditions, typically through graphical methods.
Given the nature of the inequalities, the problem is often about finding the interval of \( x \) where \(

\tan x \) remains below 0.2, and then translating that interval back into the corresponding values of
\(x7°4)).



Step 1: Clarify and Formulate the Inequality

The first step is to clarify the exact inequalities involved.

Suppose the problem states:

> Find \( x\) such that if \(x™4 < c ), then \(\tan x < 0.2 \).

Here, \( ¢) is a constant value we need to determine. Alternatively, the problem might be asking:

> Given the inequality \( \tan x < 0.2 ), find the corresponding \( x \) such that \( x~4) is less than
some value.

Or vice versa: for a particular \( x \), find the appropriate \( x4 \) bound that ensures \( \tan x < 0.2
\).

For clarity, we will assume the goal is:

Find the interval of \( x \) where \( \tan x < 0.2 ), then determine the corresponding bounds on \(
x"™40\).

Step 2: Analyzing the Function \( \tan x )

The tangent function, \( \tan x \), is periodic with period \( \pi \). Its key properties include:
- Domain: \( x \neq \frac{\pi}{2} + n\pi\), where \( n) is any integer.

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

- Behavior near asymptotes: \( \tan x \to \pm \infty \) as \( x \to \frac{\pi} {2} + n\pi ).

For the inequality \( \tan x < 0.2\), we are interested in the intervals where the tangent function is
less than 0.2, particularly within a principal domain like \( (-\frac{\pi}{2}, \frac{\pi}{2}) \).

Step 3: Graphing \(y =\tan x\) and \(y = 0.2)

To find the values of \( x \) where \( \tan x < 0.2), plot the graph of:

-\(y =\tanx\)
-\(y=0.2))



Procedure:

1. Plot \( y = \tan x \): This function passes through the origin and has asymptotes at \( x = \pm
\frac{\pi}{2} \).

2. Plot \(y = 0.2\): A horizontal line crossing the \( y \)-axis at 0.2.

3. Identify Intersection Points: Find the points where \( \tan x = 0.2 ). These points delimit the
interval(s) where \( \tan x < 0.2 \).

Mathematically:

\[
\tan x = 0.2

\]

\[
x = \arctan(0.2)

\]

Since \( \arctan(0.2) \) is approximately 0.1974 radians, the solution within the principal domain \( (-
\frac{\pi} {2}, \frac{\pi}{2}) ) is:

\[
x \approx 0.1974
\]

Similarly, considering symmetry, since \( \tan x ) is odd:

\[
x \approx -0.1974

\]

Step 4: Determining the Interval for \( x \) where \( \tan
x<0.2))

Within the interval \( (-\frac{\pi}{2}, \frac{\pi}{2})\), the inequality:
\[

\tan x < 0.2

\]

holds for:

\[
x \in \left( -\frac{\pi} {2}, \arctan(0.2) \right)



\]

Similarly, since \( \tan x \) is increasing in this interval, the inequality:

\[
\tan x < 0.2

\]

also holds for:

\[
x \in \left( -\arctan(0.2), \frac{\pi} {2} \right)
\]

But to be precise, the solution set for:

\[
\tan x < 0.2

\]

within the principal domain is:

\[
x \in \left( -\frac{\pi} {2}, \arctan(0.2) \right)
\]

and for the other side, depending on the context, we may consider the full periodic extension.

Step 5: Connecting \( x\) and \( x4 )

Now that we understand the interval of \( x \) where \( \tan x < 0.2), the next step is to relate this to
\(x74)).

Since \( x~4) is an even function (non-negative for all real \( x\)), the inequality:

\[
XN <c

\]

implies:

\[

x| < c~{1/4}
\]

To connect this with the previous interval, note that:



\[
x \in \left( -\arctan(0.2), \arctan(0.2) \right)

\]

which is approximately:

\[
x\in (-0.1974, 0.1974)

\]

Thus, to ensure that:

\[
x™M<c

\]
implies:

\[
x| < c~{1/4} \leq 0.1974
\]

we need:

\[
c~{1/4} \leq 0.1974
\]

which leads to:

\[
c\leq (0.1974)"4
\]

Calculating \( (0.1974)74\):

\[
(0.1974)"~2 \approx 0.03896

\]
\[
(0.03896)"2 \approx 0.00152
\]

Therefore:

\[
c\leq 0.00152

\]

Conclusion:



-If\(x~4 < 0.00152)), then \( |x| < 0.1974), and within this interval, \( \tan x < 0.2 ).

Step 6: Visualizing the Solution

Graphical visualization plays a vital role in understanding these inequalities:

- Plot \( y = \tan x \) over a suitable interval, say \( x \in (-\pi, \pi) \).

- Draw the horizontal line \(y = 0.2 \).

- Mark the intersection points at \( x = \pm \arctan(0.2) \).

- The region where \(y = \tan x < 0.2) is between \( x = -\arctan(0.2) \) and \( x = \arctan(0.2) \).
- The corresponding \( x~4 \) values are within \( 0 \leq x~4 < (0.1974)"4 \approx 0.00152).

This visualization helps confirm the bounds and provides an intuitive understanding of how the
functions relate.

Practical Applications of Graphs in Similar Problems

Graphical methods are invaluable in various mathematical and real-world contexts:

- Engineering: To analyze signal behaviors involving sinusoidal functions and inequalities.
- Physics: To understand oscillatory systems and threshold conditions.

- Statistics: To visualize probability density functions and inequalities.

- Mathematics Education: To aid students in developing intuition about function behavior and
inequalities.

Summary and



Frequently Asked Questions

How can I use a graph to find a number x such that tan(x) <
0.2?

Plot the graph of tan(x) over the desired interval and
identify the regions where the curve is below the line y
= 0.2. The x-values within these regions satisfy tan(x) <
0.2.

What steps should I follow to determine the x-values where
tan(x) < 0.2 using a graph?

First, plot y = tan(x) over the relevant domain. Then,
draw the horizontal line y = 0.2. Find the intersection
points between the graph and this line. The x-values
between these points are where tan(x) < 0.2.

Can a graph help me find the exact value of x for which tan(x)
equals 0.2?

Yes, by locating the intersection point of the tan(x)
curve and y = 0.2 on the graph, you can estimate the x-
value where tan(x) = 0.2. For precise values, use a
calculator or inverse tangent function.



What is the significance of using a graph in solving
inequalities like tan(x) < 0.2?

Using a graph visually illustrates where the inequality
holds, making it easier to understand the solution set.
It helps identify the intervals of x that satisfy the
condition without complex algebra.

Are there any precautions to take when using a graph to find
solutions to tan(x) < 0.2?

Yes, ensure the graph is plotted over the correct
domain considering the periodicity of tan(x), and note
that tan(x) is undefined at certain points (e.g., odd
multiples of 1/2). Also, check the scale for accurate
intersection identification.

Additional Resources

Graphical Analysis for Function Inequalities: Finding x
Such That \(x"4 < \tan x < 0.2))

Introduction



In the realm of mathematics, especially in calculus and
trigonometry, visual tools such as graphs serve as
indispensable assets for understanding the behavior of
functions and solving inequalities. When dealing with
complex inequalities involving polynomial and
trigonometric functions, a graphical approach not only
simplifies the process but also offers intuitive insights
into the solutions.

This article explores a methodical approach to
determining the set of \(x\) values satisfying the
inequality:

\[
x4 <\tanx < 0.2

\l

using graphical analysis. We will discuss how to
leverage graphs to identify the ranges of \(x\) where
both inequalities hold simultaneously, providing a
comprehensive, step-by-step guide suitable for
students, educators, and professionals alike.

Understanding the Components of the Inequality

Before delving into the graphical methods, it is
essential to understand the individual functions



involved and their properties:

-\(x"4\): A non-negative polynomial function
symmetric about the y-axis, with rapid growth for large
\([x]V).

- \(\tan x\): A periodic trigonometric function with
vertical asymptotes at \(x = \pm \frac{\pi}{2} + n\pi)),
and a fundamental period of \(\pi\).

The inequality we seek to satisfy involves a double
comparison:

\[
x4 <\tanx < 0.2

\l

This presents two conditions:

1. \(\tan x\) must be greater than \(x"4\).
2. \(\tan x\) must be less than 0.2.

Graphically, these inequalities translate into
identifying the regions where the graph of \(\tan x\) lies
above the graph of \(x™4\) but below the horizontal line
\(y = 0.2\).

The Significance of Graphical Visualization



Graphing the functions:

- \(\mathbf{y = x~4}\): A smooth, symmetric curve with
a minimum at the origin, ascending quickly as \(|x|\)
increases.

- \(\mathbf{y = \tan x}\): A periodic wave with poles at
\(\pm \frac{\pi}{2}\), \(\pm \frac{3\pi}{2})), etc.,
crossing the x-axis at multiples of \(\pi\).

By plotting both functions on the same coordinate axes,
the solution set corresponds to the regions where:

\[
x" 4 \text{ (the polynomial)} < \tan x \text{ (the tangent
curve)} < 0.2

\l
This visual approach allows us to:

- Identify the intersection points where \(\tan x = x™4\)
(the boundary where the inequality switches).

- Locate the segments where \(\tan x < 0.2\).

- Determine the regions where \(\tan x\) exceeds \(x"4\)
but remains below 0.2.

Step-by-Step Graphical Approach



1. Plotting the Functions
Start by plotting the two functions:

- Plot \(y = x~4\): Use a graphing calculator or software
(Desmos, GeoGebra, WolframAlpha) to generate a
smooth curve over a suitable domain, such as \(-2 \leq x
\leq 2\), ensuring to capture the behavior near the
origin and key points.

- Plot \(y = \tan x\): Be cautious around the asymptotes

at \(x = \pm \frac{\pi}{2}\), \(\pm \frac{3\pi}{2}), etc.
Limit the plot to a domain that includes at least one

period, e.g., \(-\pi, \pi\).

- Plot the line \(y = 0.2\): A simple horizontal line
crossing the y-axis at \(0.2\).

2. Identifying Intersection Points

Find the points where:

- \(\tan x = x~4\): these are potential boundary points
where the inequality switches from \(\tan x > x"4\) to
\(\tan x < x"4\).

- \(\tan x = 0.2\): the points where the tangent curve

intersects the horizontal line.

Using the graph, locate approximate intersection



points:

- Near the origin, check where \(\tan x\) and \(x"4\)
meet.
- At points where \(\tan x\) crosses \(0.2\).

For precise values, numerical methods or graphing
software's intersection tools can be employed.

3. Analyzing the Regions

Once the key points are identified, analyze the graph to
determine where:

- \(\tan x\) is above \(x"~4)\): this is the region between
the curve \(x"4\) and \(\tan x\) where \(\tan x\) is
higher.

- \(\tan x\) is below 0.2: this is the segment of the
tangent curve between the intersection points with the
line \(y=0.2\).

The solution set is the intersection of these two
regions: where \(\tan x\) is simultaneously above \(x"4\)
and below 0.2.

Critical Observations for the Inequality



1. Behavior Near the Origin

-At\(x = 0\), \(x™4 = 0)), \(\tan 0= 0\). Since \(0 <0 <
0.2\), the inequality \(x~4 < \tan x < 0.2)) is not
satisfied at \(x=0\).

- Just to the right of zero, \(\tan x \approx x\), and
\(x~4)\) is very small, so for small positive \(x\), \(\tan x
> x"4\) and potentially less than 0.2, satisfying the
inequality.

2. Regions Near Asymptotes

- The tangent function tends to \(\pm \infty\) near its
asymptotes at \(\pm \frac{\pi}{2}\), \(\pm
\frac{3\pi}{2}\), etc. These regions are critical because
\(\tan x\) will surpass 0.2 easily, invalidating the upper
bound condition.

- Therefore, the solution regions must be confined to
intervals between the asymptotes where \(\tan x\)
remains less than 0.2.

3. The Role of \(x"4)\)

- Since \(x"4)\) is always non-negative and increases
rapidly for large \(|x|\), the inequality \(x"4 < \tan x\)
becomes harder to satisfy as \(|x|\) grows, especially
because \(\tan x\) can be negative or unbounded.



- Particularly, for large positive \(x\), \(\tan x\) may be
positive but less than 0.2 only in narrow regions near
the origin.

Practical Application: Numerical Approximation and
Graph-Based Solution

Using graphing tools, the approximate solutions can be
identified:

- Interval near zero: For small positive \(x\), say \(0 < x
< a\), where \(a\) is determined graphically by the
intersection points of \(\tan x\) and \(x"~4\), and \(\tan
x\) and 0.2.

- Between asymptotes: For example, in the interval \((-
\frac{\pi}{2}, \frac{\pi}{2})\), the tangent function is
continuous except at the asymptote, and the
inequalities can be checked.

- Within specific bounds: For instance, in \((0,
\frac{\pi}{2})\), where \(\tan x\) increases from 0 to
\(+\infty\), the region where \(\tan x < 0.2\) is roughly
when \(x \lesssim 0.2\).



Formalizing the Solution Set

Based on the graphical analysis, the approximate
solution for \(x\) satisfying:

\[
x4 < \tanx < 0.2

\l
can be summarized as:
- For positive \(x\):

\[
O<x<x1

\l

where \(x_1\) is the value at which \(\tan x = 0.2\).
Numerically, \(\tan x = 0.2 \Rightarrow x \approx
0.1974)).

- For negative \(x\):

Since \(\tan x\) is negative in \((- \frac{\pi}{2}, 0)\), and
\(x"4 \ge 0)), the inequality \(x"4 < \tan x\) cannot be
satisfied when \(\tan x < 0\). Therefore, the solution set

is confined to the positive side.

- Between the boundary points:



\[

\boxed{

\text{Solution interval} \approx (0, 0.1974)
}

\]

Within this interval, the graph of \(\tan x\) is above
\(x~4\) but below 0.2, satisfying the inequality.

Extended Considerations and Limitations

While the graphical approach offers a clear visual
understanding
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