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Understanding the behavior of trigonometric functions is fundamental in both pure and applied
mathematics. Visualizing these functions on a single graph provides invaluable insights into their
properties, periodicity, and intersections. In this article, we explore how to accurately sketch the
graphs of y = tan x and y = 4 cos x over the interval from -180° to +180°. We will discuss key
features such as asymptotes, intercepts, amplitude, period, and the relationship between these two
functions. Whether you're a student preparing for exams or a math enthusiast, this comprehensive
guide will help you master the visualization of these important trigonometric functions.

Understanding the Functions: y = tan x and y = 4 cos x

Before diving into the sketching process, it's essential to understand the individual characteristics of
the functions involved.

Properties of y = tan x

- Definition: y = tan x is the ratio of sine to cosine: tan x = sin x / cos x.

- Period: The tangent function has a period of 180°, meaning it repeats every 180°.

- Asymptotes: Vertical asymptotes occur where cos x =0, i.e., at x = £90°, £270°, etc. Within the
interval from -180° to +180°, asymptotes are at x = -90° and x = 90°.

- Range: y = tan x can take any real value from - to +.

- Behavior: Approaches infinity as x approaches the asymptotes, with the function passing through
the origin (0, 0).

Properties of y = 4 cos x

- Amplitude: The maximum value of y = 4 cos x is 4, and the minimum is -4.

- Period: The cosine function has a period of 360°, so y = 4 cos x repeats every 360°.

- Key points: At x =0°,y =4; at x =180° y =-4; at x =90°, y = 0; at x =-90°, y = 0.
- Symmetry: The cosine function is even, symmetric about the y-axis.

Setting Up the Graph: Coordinates and Key Points

To accurately sketch both functions on a single diagram, start by plotting key points and features.



Key Points for y = tan x

-Atx=0°y=0.

-Atx =-180° vy = 0.

-Atx =-45° y = -1.

-Atx =45° y=1.

- As x approaches -90°, y = -,
- As x approaches 90°, y = +o,

Key Points for y = 4 cos x

-Atx=0°y=4.
-Atx =90°vy=0.
-Atx =180° y = -4.
-Atx =-90°,y=0.
-Atx =-180° vy = -4.

Plotting these points provides a foundational grid to guide the sketching process.

Drawing the Graphs: Step-by-Step Process

Creating an accurate and insightful diagram involves several steps.

Step 1: Draw the Axes and Mark the Interval

- Draw a horizontal x-axis and a vertical y-axis.
- Mark x-values at intervals of 30°, covering from -180° to +180°.
- Mark y-values for y = 4 cos x at appropriate points (-4, 0, 4).

Step 2: Ploty = 4 Cos x

- Mark key points: (0°, 4), (90°, 0), (180°, -4), (-90°, 0), (-180°, -4).

- Sketch a smooth, wave-like curve passing through these points, respecting the amplitude and
symmetry.

- The graph peaks at y=4 when x=0°, and reaches y=-4 at x=180° and x=-180°.

Step 3: Ploty = tan x

- Plot the points: (0°, 0), (-45°, -1), (45°, 1), approaching asymptotes at £90°.

- Draw the curve approaching +« as x approaches 90° from the left, and -« as x approaches -90°
from the right.

- Sketch the characteristic "S" shape of the tangent, with the curves passing through the origin.



Step 4: Indicate Asymptotes and Behavior

- Draw dashed vertical lines at x = -90° and x = 90°, indicating asymptotes for y = tan x.
- Show that y = 4 cos x oscillates between -4 and 4, while y = tan x grows unbounded near
asymptotes.

Analyzing the Relationship Betweeny =tanxandy =4
COS X

Studying how these functions interact provides deeper insights.

Points of Intersection

-Sety =tan x equal to y = 4 cos x:

tan x = 4 cos x

- Rewrite as:

sin X / cos X = 4 cos X

- Multiply both sides by cos x (excluding points where cos x=0):
sin X = 4 cos? x

- Using the Pythagorean identity (cos? x = 1 - sin? x):
sinx =4 (1-sin?x)

- Rearranged as a quadratic in sin x:
4sin2x+sinx-4=0

- Solving for sin x:

Using quadratic formula:

sin x = [-1 £ V(12 - 44(-4))1/(24)

sinx =[-1 + V(1 + 64)]/8

sin x = [-1 + V65]/8

- Approximate solutions:

sin x = [-1 + 8.0623]/8



- Two solutions:

1.sinx = (-1 + 8.0623)/8 = 7.0623/8 = 0.8828

2.sinx = (-1-8.0623)/8 = -9.0623/8 = -1.1328 (discarded, as sin x must be between -1 and 1)
- Therefore, valid solution:

sin x = 0.8828

- Find x in [-180°, 180°]:

x = arcsin(0.8828) = 62° or 118°, considering the sine wave.

- Corresponding x-values:

-X = 62° and x = 118° (in the first and second quadrants)

These points indicate where y = tan x intersects y = 4 cos x within the specified interval.

Behavior Near Asymptotes and Intersections

- Near x = 90°, y = tan x tends to infinity, while y = 4 cos x approaches zero.
- At intersection points, both functions share the same y-value, which can be verified graphically.

Applications and Importance of Graphing y = tan x and
y =4 Cos x

Visualizing these functions is crucial in various domains:
e Engineering: Signal processing often involves understanding waveforms similar to cosine
functions and their phase shifts.
¢ Physics: Modeling oscillations and wave phenomena requires understanding periodic functions.

 Mathematics Education: Developing intuition about periodicity, asymptotes, and
intersections enhances problem-solving skills.

* Analytical Geometry: Graphs help in solving equations and understanding the behavior of
functions over intervals.



Advanced Tips for Accurate Sketching

- Use a calculator or graphing tool to verify key points and asymptotes.

- Remember that tan x repeats every 180°, so the pattern repeats beyond the interval.

- When drawing, ensure asymptotes are dashed lines to distinguish undefined points.

- Fory = 4 cos x, emphasize the amplitude and period to maintain accuracy.

- Highlight points of intersection for a complete understanding of the functions' relationship.

Conclusion

Sketching the functions y = tan x and y = 4 cos x on a single diagram from -180° to +180° reveals
the fascinating interplay between periodic and asymptotic behaviors. The tangent function’s
unbounded growth near asymptotes contrasts sharply with the smooth oscillations of the scaled
cosine wave. Recognizing key points, asymptotes, and intersections not only aids in graphing but also
deepens understanding of trigonometric properties. Mastery of these sketches enhances
mathematical intuition and prepares students for more complex analyses involving trigonometric
functions.

Whether you're visualizing these functions for academic purposes or

Frequently Asked Questions

What is the general shape of the graph of y = tan x between
-180° and 180°?

The graph of y = tan x is a series of repeating curves with vertical asymptotes at x =-90°, 90°, and
other odd multiples of 90°, showing a periodic pattern with a period of 180°.

How does the graph of y = 4 cos x compare toy = cos x in
terms of amplitude?

The graph of y = 4 cos x has an amplitude of 4, meaning it reaches maximum and minimum values of
4 and -4, respectively, whereas y = cos x has an amplitude of 1.

At which points do the graphs of y = tan x and y = 4 cos x
intersect within the interval -180° to 180°?

The graphs intersect where tan x = 4 cos x. These points can be found by solving tan x = 4 cos x
within the interval, typically occurring at specific x-values where both functions have the same y-
value.



Why does the graph of y = tan x have asymptotes at x = £90°
and +270°?

Because tan x = sin x / cos X, and cosine equals zero at these points, causing the function to tend to
infinity, resulting in vertical asymptotes.

How does the period of y = tan x compare to that of y = 4 cos
x?

The period of y = tan x is 180°, while the period of y = 4 cos x is 360°, meaning the tangent graph
repeats twice as often within the same interval.

What are the key features to note when sketching both y =
tan x and y = 4 cos x on the same diagram?

Identify asymptotes for tan x at odd multiples of 90°, note the maximum and minimum points of y = 4
cos x at x = 0°, £180°, and observe where the graphs intersect or diverge.

How does the amplitude of y = 4 cos x affect its graph
between -180° and 180°?

The amplitude stretches the cosine wave vertically, making peaks aty = 4 and troughs aty = -4
within the interval.

Are there any points where y = tan x and y = 4 cos x are equal
at x = 0°, 90°, or 180°?

Atx=0°y=tan0°=0andy =4 cos 0° = 4, so they are not equal. At x = 90°, tan x is undefined,
and cos 90° = 0, so no. At x = 180°, tan 180° = 0 and cos 180° = -1, so not equal. The points of
intersection, if any, occur at other x-values.

What is the significance of plotting y = tan x and y = 4 cos x
on the same diagram?

Plotting both functions allows us to analyze their relationships, intersections, periodic behaviors, and
how the oscillating cosine interacts with the tangent function's asymptotes within the given interval.

Additional Resources
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Visualizing mathematical functions is fundamental to understanding their behaviors, properties, and
relationships. When dealing with trigonometric functions, graphing can unveil patterns, symmetries,
and key features that might be less obvious through algebraic expressions alone. In this article, we
explore how to sketch a comprehensive diagram that overlays the graphs of y = tan x and y = 4 cos x
within the interval from -180° to +180°. This combined visualization provides insights into the
contrasting behaviors of these functions—one being periodic and unbounded, the other bounded and
oscillatory—and how they intersect, diverge, and mirror each other within this domain.

Understanding the Functions: y = tan x and y = 4 cos x

Before diving into graphing, it's essential to understand the key characteristics of the two functions
involved.

The Tangent Function: y = tan x

- Periodicity and Domain: The tangent function has a fundamental period of 180°, meaning it repeats
every 180°. Its domain excludes points where cos x = 0, which occur at x = £90°, £270°, etc.

- Asymptotes: Vertical asymptotes occur where cos x = 0, i.e., at x =-90°, 90°, within the interval
-180° to 180°.

- Behavior: Between asymptotes, tan x increases monotonically from -« to +. It passes through the
origin (0, 0) and repeats its pattern every 180°.

The Cosine Function: y = 4 cos x

- Amplitude and Range: The amplitude is 4, so the graph oscillates between -4 and +4.

- Period: Like standard cosine, the period is 360°, but since the coefficient is 1, it maintains the usual
period.

- Behavior: The cosine wave reaches its maximum of +4 at x = 0°, 360°, etc., and minimum of -4 at x
= 180°, 540°, etc. Within the interval -180° to +180°, cosine completes roughly half a cycle.

Step-by-Step Approach to Sketching the Combined Graph
Creating a clear, accurate diagram involves several steps:
1. Plotting the Key Points of y = tan x

- l[dentify asymptotes: at x = -90°, 90°.
- Values at specific x: For example:

-x=0°y=0.
-x=-45°y=-1.
-x=45°y=1.

- Near asymptotes, y approaches + .
- Behavior near asymptotes: The graph shoots up to +« just before 90°, and down to -« just after
-90°.

2. Plotting the Key Points of y = 4 cos x



- Maximum points: at x = 0°, y = 4.

- Zero crossings: at x = £90°,y = 0.

- Minimum points: at x = £180°, y = -4,

- General shape: Oscillates smoothly between -4 and +4, with the peaks at x = 0°, and troughs at x =
+180°.

3. Drawing the Graphs

-y = tan x: Draw the curves approaching infinity near asymptotes, passing through the points at x =
0°, £45°, and ensuring the monotonic increase within each interval.

-y = 4 cos x: Sketch a smooth, wave-like curve passing through the maximum, zero crossings, and
minimum points.

4. Overlaying Both Functions

- Ensure that the tangent graph is scaled appropriately to show its rapid growth near asymptotes.

- The cosine graph remains bounded, oscillating between -4 and 4.
- Check intersections: Points where the two graphs cross satisfy tan x = 4 cos x.

Analyzing the Key Features of the Combined Graph

Asymptotes and Discontinuities

- The tangent graph exhibits vertical asymptotes at x = -90° and 90°, where the function is undefined.
- The cosine graph remains continuous across the domain, providing a stable reference for the
tangent's divergence.

Points of Intersection

- Solving tan x = 4 cos x analytically involves transcendental equations, but approximate solutions
can be found graphically.

- For example, at x = 0°, tan 0° = 0 and 4 cos 0° = 4, so they do not intersect there.

- Near x = £45°,tan x = x1, while 4 cos x = 4 0.707 = 2.828, indicating potential intersections closer
to x where tan x and 4 cos x are equal.

Behavior Near Key Points

-Atx =0°vy = 0fortan x, and y = 4 for 4 cos x.

- At x = £90°: tan x tends to =, while cos x = 0.
- At x = £180°: tan x approaches 0, cos x =-1,s0y = -4,

Applications and Insights
This combined graph serves multiple educational and analytical purposes:

- Understanding function behaviors: Visual comparison highlights how tangent's unbounded nature
contrasts with the bounded oscillation of the cosine.



- Finding intersections: Graphically locating solutions to tan x = 4 cos x helps in solving
transcendental equations.

- Analyzing asymptotic behavior: Recognizing where functions diverge guides understanding limits
and discontinuities.

- Real-world applications: Such graphs model phenomena involving periodic oscillations with
asymptotic behaviors, such as signal processing or wave interference patterns.

Practical Tips for Sketching Accurate Graphs

- Use graph paper or digital graphing tools for precision.

- Mark key points and asymptotes clearly.

- Draw the tangent curves approaching asymptotes smoothly, emphasizing the rapid increase or
decrease.

- For the cosine function, ensure the wave is symmetric and smooth.

- Overlay both graphs carefully, checking for intersections and divergences.

- Use different colors or line styles to distinguish the functions.

Concluding Remarks

Plotting the graphs of y = tan x and y = 4 cos x from -180° to +180° on a single diagram offers a
compelling visual narrative of their contrasting behaviors. The tangent function’s periodic, unbounded
nature juxtaposed with the bounded oscillations of the cosine function illustrates core principles of
trigonometric functions, including periodicity, asymptotes, and symmetry. Whether for academic
purposes or practical applications, such visualizations deepen our understanding of these
fundamental mathematical tools, empowering students and professionals to interpret complex wave
behaviors and solve intricate equations with greater confidence.
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