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college algebra college algebra trig functions explained, this article delves into the
fundamental concepts of trigonometric functions as they are presented in college algebra.
Understanding these functions is crucial for success in higher mathematics, physics,
engineering, and many other scientific fields. We will explore the definitions of sine, cosine,
and tangent, their relationships to the unit circle, and how to evaluate them for various
angles. Furthermore, we will discuss key identities and their applications, providing a
comprehensive overview that demystifies these essential mathematical tools. This detailed
explanation aims to equip students with a solid foundation for further study in trigonometry
and calculus.
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Understanding the Basics of Trigonometric
Functions

Trigonometric functions, often abbreviated as "trig functions," form a cornerstone of
advanced mathematics, particularly within the curriculum of college algebra and
precalculus. These functions relate the angles of a right triangle to the ratios of its side
lengths. While their origins are rooted in geometry, their application extends far beyond
simple triangles, encompassing periodic phenomena and complex wave patterns. The
primary trigonometric functions are sine (sin), cosine (cos), and tangent (tan), each defined
by specific ratios of the sides of a right triangle.

Right Triangle Definitions of Trigonometric Functions

In a right triangle, let's consider an angle $\theta$ that is not the right angle. We define the
sides relative to this angle: the side opposite $\theta$ is the "opposite side," the side
adjacent to $\theta$ (and not the hypotenuse) is the "adjacent side," and the longest side,
opposite the right angle, is the "hypotenuse." With these definitions, the fundamental
trigonometric functions are defined as follows:

Sine ($\sin \theta$): The ratio of the length of the opposite side to the length of the
hypotenuse.



Cosine ($\cos \theta$): The ratio of the length of the adjacent side to the length of the
hypotenuse.

Tangent ($\tan \theta$): The ratio of the length of the opposite side to the length of
the adjacent side.

These ratios are constant for a given angle, regardless of the size of the right triangle. This
property is what makes them so powerful for analyzing geometric relationships and solving
problems involving angles and distances. Beyond these primary functions, there are also
the reciprocal trigonometric functions: cosecant (csc), secant (sec), and cotangent (cot),
which are the reciprocals of sine, cosine, and tangent, respectively.

Introducing the Reciprocal Trigonometric Functions

The reciprocal trigonometric functions provide alternative ways to express relationships and
are often used to simplify trigonometric expressions or solve trigonometric equations. They
are defined as:

Cosecant ($\csc \theta$): $1 / \sin \theta$

Secant ($\sec \theta$): $1 / \cos \theta$

Cotangent ($\cot \theta$): $1 / \tan \theta$

Understanding these reciprocal relationships is essential for manipulating trigonometric
identities and for a comprehensive grasp of the subject matter in college algebra. They also
offer different perspectives when graphing trigonometric functions and analyzing their
properties.

The Unit Circle and Trigonometric Functions

While the right triangle definitions are intuitive, they are limited to acute angles (angles
between 0 and 90 degrees). To extend the concept of trigonometric functions to all real
numbers, we employ the unit circle. The unit circle is a circle centered at the origin (0,0)
with a radius of 1. For any point (x, y) on the unit circle, corresponding to an angle $\theta$
measured counterclockwise from the positive x-axis, the trigonometric functions are
defined as follows:

Defining Trig Functions Using Coordinates

On the unit circle, the coordinates of a point (x, y) are directly related to the trigonometric
functions of the angle $\theta$. The definitions are:



$\cos \theta = x$ (the x-coordinate of the point)

$\sin \theta = y$ (the y-coordinate of the point)

$\tan \theta = y / x$ (the ratio of the y-coordinate to the x-coordinate, provided $x
\neq 0$)

The reciprocal functions are then defined in terms of these coordinates as well: $\sec \theta
= 1/x$, $\csc \theta = 1/y$, and $\cot \theta = x/y$ (provided the denominators are not
zero). This unit circle approach is fundamental in college algebra because it allows us to
define trigonometric functions for any angle, including those greater than 360 degrees,
negative angles, and angles that do not correspond to a right triangle.

Understanding Quadrantal Angles and Their
Significance

Quadrantal angles are angles whose terminal side lies on one of the coordinate axes. These
angles include 0°, 90°, 180°, 270°, 360°, and their coterminal angles. Evaluating
trigonometric functions at quadrantal angles is straightforward using the unit circle. For
instance, at 0° (or 0 radians), the point on the unit circle is (1,0). Thus, $\cos 0° = 1$ and
$\sin 0° = 0$. At 90° (or $\pi/2$ radians), the point is (0,1), so $\cos 90° = 0$ and $\sin 90°
= 1$. The tangent of 90° and 270° is undefined because the x-coordinate is 0.

Evaluating Trigonometric Functions for Standard
Angles

Certain angles, known as standard angles, have trigonometric function values that are
commonly used and memorized. These angles often correspond to special right triangles
(30-60-90 and 45-45-90) and are critical for solving problems without a calculator in college
algebra. Mastering these values significantly speeds up the problem-solving process.

Special Angles and Their Trigonometric Values

The most common standard angles are 30° ($\pi/6$ radians), 45° ($\pi/4$ radians), and 60°
($\pi/3$ radians). Their trigonometric values can be derived from the properties of special
right triangles:

For 30°: $\sin 30° = 1/2$, $\cos 30° = \sqrt{3}/2$, $\tan 30° = 1/\sqrt{3} =
\sqrt{3}/3$.

For 45°: $\sin 45° = \sqrt{2}/2$, $\cos 45° = \sqrt{2}/2$, $\tan 45° = 1$.



For 60°: $\sin 60° = \sqrt{3}/2$, $\cos 60° = 1/2$, $\tan 60° = \sqrt{3}$.

These values, along with those for quadrantal angles, form the basis for evaluating
trigonometric functions for many other angles, particularly when considering reference
angles in different quadrants.

Reference Angles and Determining Signs in Different
Quadrants

Reference angles are the acute angles formed by the terminal side of an angle and the x-
axis. They simplify the process of finding trigonometric function values for angles in any
quadrant. The sign of a trigonometric function in each quadrant is determined by the signs
of the x and y coordinates on the unit circle. The mnemonic "All Students Take Calculus"
(ASTC) helps remember which functions are positive in each quadrant: All in Quadrant I,
Sine in Quadrant II, Tangent in Quadrant III, and Cosine in Quadrant IV.

Quadrant I (0° to 90°): All trigonometric functions are positive.

Quadrant II (90° to 180°): Sine and cosecant are positive; others are negative.

Quadrant III (180° to 270°): Tangent and cotangent are positive; others are negative.

Quadrant IV (270° to 360°): Cosine and secant are positive; others are negative.

By finding the reference angle and knowing the quadrant of the original angle, one can
determine the value and sign of any trigonometric function.

Fundamental Trigonometric Identities

Trigonometric identities are equations that are true for all valid inputs. They are
indispensable tools in college algebra for simplifying expressions, solving equations, and
proving other trigonometric relationships. Several fundamental identities form the basis for
more complex ones.

Pythagorean Identities

Derived from the Pythagorean theorem ($a^2 + b^2 = c^2$) applied to the unit circle, the
Pythagorean identities are among the most important:

$\sin^2 \theta + \cos^2 \theta = 1$



$1 + \tan^2 \theta = \sec^2 \theta$

$1 + \cot^2 \theta = \csc^2 \theta$

These identities allow for substitutions and manipulations that can transform complex
trigonometric expressions into simpler, equivalent forms. They are frequently used in
calculus and beyond.

Quotient and Reciprocal Identities

We have already encountered the reciprocal identities when discussing the definitions of
csc, sec, and cot. The quotient identities relate tangent and cotangent to sine and cosine:

$\tan \theta = \sin \theta / \cos \theta$

$\cot \theta = \cos \theta / \sin \theta$

These identities are crucial for rewriting trigonometric expressions in terms of sine and
cosine, which can often simplify them significantly.

Graphs of Trigonometric Functions

The graphical representation of trigonometric functions is fundamental to understanding
their periodic nature and behavior. In college algebra, students learn to sketch and
interpret the graphs of sine, cosine, and tangent, as well as their transformations.

The Sine and Cosine Wave

The graphs of $y = \sin x$ and $y = \cos x$ are waves that repeat every $2\pi$ radians (or
360°). They have an amplitude of 1, meaning their values oscillate between -1 and 1. The
sine function starts at 0, increases to 1 at $\pi/2$, returns to 0 at $\pi$, decreases to -1 at
$3\pi/2$, and returns to 0 at $2\pi$. The cosine function starts at 1, decreases to 0 at
$\pi/2$, reaches -1 at $\pi$, returns to 0 at $3\pi/2$, and ends at 1 at $2\pi$. Their periods
are identical.

The Tangent Function and Its Asymptotes

The graph of $y = \tan x$ is quite different from sine and cosine. It has a period of $\pi$ (or
180°). The tangent function has vertical asymptotes at angles where $\cos \theta = 0$,
which are $\pm \pi/2, \pm 3\pi/2$, and so on. Between these asymptotes, the tangent



function increases from negative infinity to positive infinity. Its range is all real numbers.

Applications of Trigonometric Functions in
College Algebra

Trigonometric functions are not just abstract mathematical concepts; they have practical
applications that demonstrate their utility in modeling real-world phenomena. In college
algebra, these applications often serve to motivate the study of trigonometry.

Modeling Periodic Phenomena

Many natural phenomena exhibit cyclical or periodic behavior, making trigonometric
functions ideal for modeling them. Examples include:

The motion of pendulums

Sound waves and light waves

Alternating current (AC) electricity

Seasonal variations in temperature or daylight hours

The rise and fall of tides

The sinusoidal nature of sine and cosine functions perfectly captures the smooth, repetitive
patterns observed in these phenomena. Transformations of these basic functions allow for
precise modeling by adjusting amplitude, period, and phase shifts.

Solving Triangles and Navigation

Historically, trigonometry was developed for astronomical calculations and surveying. The
Law of Sines and the Law of Cosines, which are often introduced in college algebra, allow us
to solve triangles that are not necessarily right triangles. These laws are fundamental in
fields like surveying, engineering, and navigation, where determining unknown distances
and angles is essential. For instance, in navigation, trigonometric principles are used to
determine bearings and distances between locations.

The study of trigonometric functions in college algebra provides a robust foundation for a
wide array of advanced mathematical and scientific disciplines. By understanding their
definitions, unit circle representations, standard values, identities, graphs, and applications,
students gain powerful tools for analysis and problem-solving. The journey through college
algebra trigonometry functions explained herein aims to foster this understanding, paving



the way for deeper exploration in future academic pursuits.

Q: What are the three primary trigonometric functions
in college algebra?
A: The three primary trigonometric functions typically covered in college algebra are sine
(sin), cosine (cos), and tangent (tan). These functions are fundamental for understanding
relationships in right triangles and for modeling periodic phenomena.

Q: How does the unit circle help in understanding
trigonometric functions?
A: The unit circle provides a way to extend the definition of trigonometric functions beyond
acute angles in right triangles. For any point (x, y) on the unit circle corresponding to an
angle $\theta$, $\cos \theta = x$, $\sin \theta = y$, and $\tan \theta = y/x$. This approach
allows for the evaluation of trig functions for any real number angle.

Q: What are quadrantal angles, and why are they
important in college algebra trig?
A: Quadrantal angles are angles whose terminal sides lie on the x-axis or y-axis (e.g., 0°,
90°, 180°, 270°). They are important in college algebra because their trigonometric
function values are easily determined from the unit circle and serve as reference points for
evaluating trig functions of other angles.

Q: Can you name the three Pythagorean trigonometric
identities?
A: The three fundamental Pythagorean trigonometric identities are: $\sin^2 \theta + \cos^2
\theta = 1$; $1 + \tan^2 \theta = \sec^2 \theta$; and $1 + \cot^2 \theta = \csc^2 \theta$.
These identities are crucial for simplifying trigonometric expressions and solving equations.

Q: What is the period of the sine and cosine functions?
A: The period of both the sine and cosine functions is $2\pi$ radians (or 360 degrees). This
means that the graphs of these functions repeat their pattern every $2\pi$ interval.

Q: What are reference angles, and how are they used in
evaluating trig functions?
A: A reference angle is the acute angle formed by the terminal side of an angle and the x-
axis. Reference angles simplify the evaluation of trigonometric functions for angles in any
quadrant by allowing us to use the known values of the corresponding acute angle and then



applying the correct sign based on the quadrant.

Q: How are trigonometric functions used to model real-
world phenomena in college algebra?
A: Trigonometric functions are used to model periodic phenomena such as sound waves,
light waves, alternating current, and seasonal changes. Their cyclical nature makes them
ideal for describing and predicting these recurring patterns.

Q: What are the reciprocal trigonometric functions?
A: The reciprocal trigonometric functions are cosecant (csc), secant (sec), and cotangent
(cot). They are defined as the reciprocals of sine, cosine, and tangent, respectively: $\csc
\theta = 1/\sin \theta$, $\sec \theta = 1/\cos \theta$, and $\cot \theta = 1/\tan \theta$.
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