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Trigonometry is a fundamental branch of mathematics that deals with the
relationships between the angles and sides of triangles. Understanding the
six basic trigonometric functions—sine, cosine, tangent, cotangent, secant,
and cosecant—is essential for solving problems involving angles and
distances. When working with a real number \( T \), which often represents an
angle measured in degrees or radians, evaluating these functions can
sometimes be straightforward, but other times, certain functions may be
undefined due to the nature of the trigonometric ratios. In this article, we
will explore how to evaluate each of these six functions for a given real
number \( T \), and discuss the scenarios where some functions might be
undefined.

Understanding the Six Trigonometric Functions

1. Sine (\(\sin T\))
The sine of an angle \( T \) in a right-angled triangle is defined as the
ratio of the length of the side opposite the angle to the hypotenuse:

\(\sin T = \frac{\text{Opposite}}{\text{Hypotenuse}}\)

In the unit circle context, \(\sin T\) is the y-coordinate of the point on
the circle corresponding to angle \( T \). It is defined for all real numbers
\( T \), but understanding its behavior depends on whether \( T \) is in
degrees or radians.

2. Cosine (\(\cos T\))
The cosine of an angle \( T \) is defined as the ratio of the length of the
adjacent side to the hypotenuse:



\(\cos T = \frac{\text{Adjacent}}{\text{Hypotenuse}}\)

Like sine, \(\cos T\) corresponds to the x-coordinate of the point on the
unit circle at angle \( T \). It is also defined for all real \( T \).

3. Tangent (\(\tan T\))
The tangent of an angle \( T \) is the ratio of sine to cosine:

\(\tan T = \frac{\sin T}{\cos T}\)

Since tangent involves division, it is undefined whenever \(\cos T = 0\).
This occurs at specific angles (e.g., \( T = \frac{\pi}{2} + k\pi \), where
\(k\) is an integer).

4. Cotangent (\(\cot T\))
The cotangent is the reciprocal of tangent:

\(\cot T = \frac{\cos T}{\sin T}\)

It is undefined when \(\sin T = 0\), which occurs at angles like \( T = k\pi
\), where \(k\) is an integer.

5. Secant (\(\sec T\))
The secant function is the reciprocal of cosine:

\(\sec T = \frac{1}{\cos T}\)

Secant is undefined where \(\cos T = 0\). These are points where the cosine
function crosses zero, making the secant function approach infinity.

6. Cosecant (\(\csc T\))
The cosecant function is the reciprocal of sine:

\(\csc T = \frac{1}{\sin T}\)

It is undefined where \(\sin T = 0\), i.e., at angles like \( T = k\pi \).



Evaluating the Trigonometric Functions for a
Given Real Number T

Step 1: Determine the Measure of \( T \)
Before evaluating, clarify whether \( T \) is in degrees or radians. This
affects the calculation, especially if using a calculator or mathematical
software. Remember:

Degrees: \( T \) is measured in degrees (e.g., 30°, 45°, 90°)

Radians: \( T \) is measured in radians (e.g., \(\frac{\pi}{6}\),
\(\frac{\pi}{4}\), \(\frac{\pi}{2}\))

Step 2: Use the Unit Circle or Right Triangle
Definitions
Depending on the context, you can evaluate the functions by:

Using known values from special angles (e.g., 30°, 45°, 60°, etc.)1.

Using a calculator set to the appropriate mode (degrees or radians)2.

Applying the unit circle approach for any real \( T \)3.

Step 3: Check for Undefined Values
Identify if the function involves division by zero at the given \( T \). If
so, the function is undefined at that value. For example:

If \(\cos T = 0\), then \(\tan T\) and \(\sec T\) are undefined.

If \(\sin T = 0\), then \(\cot T\) and \(\csc T\) are undefined.

Practical Examples of Evaluating Trigonometric
Functions



Example 1: Evaluate \(\sin 45^\circ\), \(\cos
45^\circ\), and \(\tan 45^\circ\)
In degrees, 45° is a well-known angle:

\(\sin 45^\circ = \frac{\sqrt{2}}{2}\)

\(\cos 45^\circ = \frac{\sqrt{2}}{2}\)

\(\tan 45^\circ = 1\)

Since neither sine nor cosine is zero at 45°, all functions are defined here.

Example 2: Evaluate \(\sin \frac{\pi}{2}\), \(\cos
\frac{\pi}{2}\), and \(\tan \frac{\pi}{2}\)
In radians, \(\frac{\pi}{2}\) corresponds to 90°:

\(\sin \frac{\pi}{2} = 1\)

\(\cos \frac{\pi}{2} = 0\)

\(\tan \frac{\pi}{2} = \frac{\sin \frac{\pi}{2}}{\cos \frac{\pi}{2}} =
\frac{1}{0}\) — undefined

This example illustrates that tangent and secant are undefined at \( T =
\frac{\pi}{2} \), where cosine is zero.

Special Cases and When Functions Are Undefined

Angles Where \(\sin T = 0\)

\(T = k\pi\), where \(k\) is an integer

At these points, \(\csc T\) and \(\cot T\) are undefined because they
involve division by zero

Angles Where \(\cos T = 0\)



\(T = \frac{\pi}{2} + k\pi\), where \(k\) is an integer

At these points, \(\sec T\) and \(\tan T\) are undefined

Visualizing Trigonometric Functions on the Unit
Circle

The unit circle provides a powerful visual aid for understanding the behavior
of trigonometric functions. Each angle \( T \) corresponds to a point \((x,
y)\) on the circle, where:

\(x = \cos T\)

\(y = \sin T\)

The other functions are derived from these coordinates:

\(\tan T = \frac{y}{x}\)1.

\(\cot T = \frac{x}{y}\)2.

\(\sec T = \frac{1}{x}\)3.

\(\csc T = \frac{1}{y}\)4.

When \(x\) or \(y\) is zero, the corresponding reciprocal functions are
undefined, confirming the earlier analysis.

Conclusion

Evaluating the six trigonometric functions of a real number \( T \) involves
understanding the definitions

Frequently Asked Questions



How do you evaluate the sine function for a real
number T?
The sine of T, written as sin(T), can be evaluated using the unit circle or a
calculator. It is defined as the y-coordinate of the point on the unit circle
at an angle T from the positive x-axis. For any real T, sin(T) is always
between -1 and 1.

When is the cosine function of T undefined?
The cosine function, cos(T), is always defined for all real numbers T because
it corresponds to the x-coordinate on the unit circle, which exists for every
T. Therefore, cos(T) is never undefined for real T.

Under what conditions is the tangent function of T
undefined?
Tangent, tan(T), is undefined whenever cos(T) = 0, which occurs at T = (π/2)
+ kπ, where k is any integer. At these points, the denominator of tan(T) =
sin(T)/cos(T) becomes zero, making the function undefined.

How can I evaluate the cotangent function for a real
number T?
Cotangent, cot(T), is defined as cos(T)/sin(T). It is undefined when sin(T) =
0, which happens at T = kπ for integers k. Otherwise, cot(T) can be evaluated
using the ratio of cos(T) to sin(T).

Is secant of T ever undefined? If so, when?
Yes, secant, sec(T), is undefined where cos(T) = 0, which occurs at T = (π/2)
+ kπ, for integers k. Since sec(T) = 1/cos(T), it is undefined at these
points.

What about cosecant of T? When is it undefined?
Cosecant, csc(T), is undefined when sin(T) = 0, i.e., at T = kπ, where k is
any integer, because csc(T) = 1/sin(T).

Can all six trigonometric functions be evaluated for
any real number T?
Most trigonometric functions can be evaluated for any real T, except where
they are undefined—specifically, tan(T) and cot(T) are undefined where their
denominators are zero (cos(T)=0 for tan, sin(T)=0 for cot). In such cases,
the functions are considered undefined.



Additional Resources
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Trigonometry, the branch of mathematics concerned with the relationships
between the angles and sides of triangles, extends far beyond basic right
triangle applications. At its core lie six fundamental functions—sine,
cosine, tangent, cotangent, secant, and cosecant—that serve as the building
blocks for analyzing periodic phenomena, modeling oscillations, and solving
geometric problems. Evaluating these functions for a specific real number \(
T \) often involves understanding the underlying angle associated with \( T
\), especially when \( T \) is expressed in radians. This article provides a
comprehensive, detailed examination of how to evaluate these six
trigonometric functions, the conditions under which they are defined or
undefined, and the implications of their values in various mathematical
contexts.

---

Understanding the Fundamentals of Trigonometric
Functions

The Relationship Between Angles and the Unit Circle

The foundation for evaluating trigonometric functions is the unit circle— a
circle centered at the origin with radius 1. Every point on this circle
corresponds to an angle \( \theta \) (measured in radians), and the
coordinates of that point are given by \( (\cos \theta, \sin \theta) \). From
this, the six functions are defined as follows:

- Sine (\( \sin \theta \)): the y-coordinate of the point.
- Cosine (\( \cos \theta \)): the x-coordinate.
- Tangent (\( \tan \theta \)): the ratio \( \frac{\sin \theta}{\cos \theta}
\).
- Cotangent (\( \cot \theta \)): the ratio \( \frac{\cos \theta}{\sin \theta}
\).
- Secant (\( \sec \theta \)): the reciprocal of cosine, \( \frac{1}{\cos
\theta} \).
- Cosecant (\( \csc \theta \)): the reciprocal of sine, \( \frac{1}{\sin
\theta} \).

Evaluating these functions for an arbitrary real number \( T \) involves
interpreting \( T \) as an angle in radians, or sometimes as a real number
along the x-axis in a coordinate plane, depending on context. When \( T \) is
directly an angle, evaluation is straightforward; when it is a number



representing a length or coordinate, the interpretation varies.

---

Interpreting the Variable \( T \) in
Trigonometric Contexts

As an Angle in Radians

Most classical trigonometric evaluations assume \( T \) represents an angle
in radians. Radians provide a natural measure reflective of arc length: an
angle \( \theta \) in radians subtends an arc of length \( r \theta \) on a
circle of radius \( r \). To evaluate the functions:

1. Identify \( T \) as an angle in radians.
2. Determine the corresponding point on the unit circle.
3. Compute the functions based on this point.

For example, if \( T = \pi/4 \), then:

- \( \sin T = \sin (\pi/4) = \frac{\sqrt{2}}{2} \),
- \( \cos T = \cos (\pi/4) = \frac{\sqrt{2}}{2} \),
- \( \tan T = 1 \),
- \( \cot T = 1 \),
- \( \sec T = \sqrt{2} \),
- \( \csc T = \sqrt{2} \).

---

As a Real Number on the Number Line

In some contexts, \( T \) may be a real number representing a coordinate or a
length, especially when considering functions like \( \sin T \) or \( \cos T
\) as functions of real variables. Here, the evaluation involves:

- Interpreting \( T \) as an angle measure in radians.
- Or considering \( T \) as a variable in a broader mathematical sense, such
as in function analysis.

---



Evaluating Each of the Six Trigonometric
Functions

1. Sine (\( \sin T \))

Definition: The sine of an angle \( T \) (in radians) is the y-coordinate of
the point on the unit circle corresponding to \( T \).

Evaluation:

- Exact value can often be found for special angles (e.g., \( 0, \pi/6,
\pi/4, \pi/3, \pi/2 \), etc.).
- For arbitrary \( T \), use a calculator or software to find \( \sin T \).

Properties and Considerations:

- \( \sin T \) is periodic with period \( 2\pi \).
- It ranges between -1 and 1.
- \( \sin T \) is undefined in the sense of the function itself, but since
the sine function is defined for all real numbers, it always has a real
value.

---

2. Cosine (\( \cos T \))

Definition: The cosine of \( T \) is the x-coordinate of the point on the
unit circle.

Evaluation:

- Similar to sine, evaluate using known angle values or a calculator.
- For example, \( \cos 0 = 1 \), \( \cos \pi/2 = 0 \).

Properties and Considerations:

- Periodic with period \( 2\pi \).
- Range is from -1 to 1.
- Always defined for real \( T \).

---



3. Tangent (\( \tan T \))

Definition: \( \tan T = \frac{\sin T}{\cos T} \).

Evaluation:

- Calculate \( \sin T \) and \( \cos T \) first.
- Divide the sine by the cosine.

Conditions for Undefined Values:

- When \( \cos T = 0 \), \( \tan T \) is undefined.
- Cosine equals zero at \( T = \frac{\pi}{2} + n\pi \), where \( n \in
\mathbb{Z} \).

Example:

- \( T = \pi/4 \Rightarrow \tan (\pi/4) = 1 \).
- \( T = 3\pi/2 \Rightarrow \tan T \) is undefined.

Significance:

- The tangent function exhibits vertical asymptotes at points where \( \cos T
= 0 \).

---

4. Cotangent (\( \cot T \))

Definition: \( \cot T = \frac{\cos T}{\sin T} \).

Evaluation:

- Calculate \( \cos T \) and \( \sin T \).
- Divide cosine by sine.

Conditions for Undefined Values:

- When \( \sin T = 0 \), \( \cot T \) is undefined.
- Sine equals zero at \( T = n \pi \), where \( n \in \mathbb{Z} \).

Example:

- \( T = \pi/4 \Rightarrow \cot (\pi/4) = 1 \).
- \( T = 0 \Rightarrow \cot 0 \) is undefined.

Note: Cotangent is periodic with period \( \pi \).



---

5. Secant (\( \sec T \))

Definition: \( \sec T = \frac{1}{\cos T} \).

Evaluation:

- Compute \( \cos T \).
- Take reciprocal.

Conditions for Undefined Values:

- When \( \cos T = 0 \), \( \sec T \) is undefined.
- Same points as \( \tan T \) asymptotes.

Values:

- For \( T = 0 \), \( \sec 0 = 1 \).
- For \( T = \pi/2 \), \( \sec T \) is undefined.

Range:

- \( \sec T \) can take values \( \geq 1 \) or \( \leq -1 \).

---

6. Cosecant (\( \csc T \))

Definition: \( \csc T = \frac{1}{\sin T} \).

Evaluation:

- Calculate \( \sin T \).
- Take reciprocal.

Conditions for Undefined Values:

- When \( \sin T = 0 \), \( \csc T \) is undefined.
- At \( T = 0, \pi, 2\pi, \ldots \).

Values:

- For \( T = \pi/2 \), \( \csc T = 1 \).
- For \( T = 3\pi/2 \), \( \csc T = -1 \).

Range:



- \( \csc T \) takes values \( \leq -1 \) or \( \geq 1 \).

---

Special Cases: When Are Trigonometric Functions
Undefined?

Understanding the domain restrictions of trigonometric functions is crucial
for proper evaluation. The functions are undefined at specific points where
their denominators become zero:

- T
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