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Abstract:

Trigonometric functions, once developed for astronomical and geometric studies, have evolved
into essential tools across modern scientific and technological domains. This research paper
explores the real-world utility of trigonometric functions in the 21st century, emphasizing their
application in engineering, navigation, architecture, digital technology, and environmental
sciences. By integrating theoretical concepts with real-world examples, the study highlights
how trigonometry contributes to problem-solving, system modeling, and innovation. The paper
further demonstrates that trigonometric principles remain foundational in emerging
technologies such as satellite communication, robotics, and computer graphics.
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1. Introduction

Trigonometry is a branch of mathematics dealing with the relationships between angles and
sides of triangles. It forms the basis of many modern scientific and engineering applications.
In the 21st century, its relevance has expanded beyond classical geometry into domains such
as artificial intelligence, satellite systems, and digital communication.

Trigonometric functions such as sine, cosine, and tangent are used to model periodic
phenomena, calculate distances, and analyze waves. These applications are fundamental in
engineering design, navigation systems, and data visualization.

2. Mathematical Foundation of Trigonometry
Trigonometric functions are defined based on right-angled triangles:

. Opposite Adjacent Opposite
sin = —,c0s § = ———  ,tan 0 = ——
Hypotenuse Hypotenuse Adjacent
These functions are extended to circular and wave-based models, enabling applications in

oscillations, signals, and rotations.
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In signal processing, sine and cosine waves represent 90%+ of periodic signals used in
communication systems.

Fourier Transform (based on trigonometry) is used in almost all modern digital signal
systems.

Figure.l illustrates the unit circle showing sine and cosine values corresponding to angles,
Jforming the basis for periodic modeling.

3. Trigonometry in Engineering and Infrastructure

Structure Type Angle Range Load Efficiency (%)

Truss Bridge 30°-60° 85-95%

Arch Bridge 45°-75° 80-90%

Roof Frames 20°-45° 75-88%
Table.1

Fa=101bf
Figure.2 shows how trigonometric functions resolve forces in structural members for

stability and load distribution.
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3.1 Structural Engineering
1. Determines load distribution in bridges and buildings
2. Helps calculate angles and forces in trusses
3. Ensures structural stability
3.2 Mechanical Engineering
1. Used in motion analysis and rotational systems
2. Helps in robotics arm movement calculations
3. Robotic arms use inverse Kinematics (trigonometric equations)
4. Angular velocity calculation uses sine/cosine functions
5. CNC machines rely on trigonometric interpolation
Industrial Insight:
Robotics precision improved by 30-40% using trigonometric control models
3.3 Civil Engineering
1. Used in land surveying and mapping
2. Calculates distances where direct measurement is impossible

Engineers rely on trigonometry to analyze stress, optimize design, and ensure safety in
construction projects.

4. Applications in Navigation and Satellite Systems

One of these two points indicates
a moving object’s accurate position

- _SafelliteC ———
Figure.3 demonstrates how multiple satellites use trigonometric triangulation to determine

precise locations on Earth.

https://internationalpubls.com 3433



Communications on Applied Nonlinear Analysis
ISSN: 1074-133X
Vol 32 No. 9s (2025)

Trigonometry plays a vital role in modern navigation systems:
1. GPS uses triangulation to determine positions on Earth
2. Aviation uses trigonometry to calculate flight paths and landing angles

Global Positioning Systems calculate distances between satellites and receivers using

trigonometric algorithms.
Key Concept: Triangulation
1. GPS satellites (minimum 4) use trigonometry to calculate position.

2. Accuracy: £3-5 meters (civilian GPS)

Parameter Value

Number of GPS Satellites ~31 active
Orbital Height ~20,200 km

Signal Speed Speed of light

5. Trigonometry in Architecture and Construction
1. Roof slope optimization improves drainage efficiency by 20-35%

2. Staircase angle (30°-37°) ensures ergonomic comfort

Structure Element Optimal Angle

Roof slope 30°-45°
Staircase 30°-37°
Ramp 5°-10°
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Figure.4 shows how trigonometric calculations determine roof slope and structural
dimensions in architecture.
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Architects use trigonometry to:
1. Design roof slopes for drainage
2. Calculate building heights
3. Maintain structural symmetry
4. Plan staircases and elevations
It ensures accuracy and aesthetic balance in modern infrastructure.

6. Role in Astronomy and Space Science
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Trigonometry has historically been essential in astronomy:
1. Measures distances between celestial bodies
2. Helps calculate orbital paths
3. Supports satellite deployment

Modern space missions rely heavily on trigonometric calculations for trajectory planning.
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7. Applications in Computer Graphics and Gaming

Trigonometry is crucial in:
1. 3D modeling and rendering
2. Animation and game physics
3. Virtual reality simulations
It helps calculate rotations, lighting angles, and object positioning in digital environments.
e Trigonometry enables:

a. Rotation matrices
b. Lighting calculations
c. 3D rendering transformations

1. Modern game engines use trigonometric computations millions of times per second

2. Frame rendering depends on sine/cosine for motion physics
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Figure.5 illustrates how trigonometric functions are used to rotate objects in 3D space for
graphics and animation.
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8. Trigonometry in Signal Processing and Waves
8. Trigonometry in Signal Processing and Waves (Expanded)
1. Sound waves follow sine wave patterns

2. Electrical signals modeled using trigonometric functions

Wave Type Frequency Range

Audio 20 Hz - 20 kHz
Radio kHz — GHz
Light THz

Figure.6 represents sine waves used to model periodic signals in communication and
electronics.

Trigonometric functions describe wave behavior:
1. Sound waves
2. Light waves
3. Electrical signals

These applications are essential in telecommunications, audio engineering, and medical
imaging.

9. Environmental and Geographical Applications
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Trigonometry is used to:

1. Measure heights of mountains and buildings

2. Calculate river widths

3. Create accurate maps
Surveyors use triangulation techniques to map terrains and plan infrastructure.
Case Study: Height Measurement Using Trigonometry

Using tangent function:

h=d-tan 6
Where:
h= height
d= distance from object
0= angle of elevation
Example:
If distance = 50 m and angle

Height = 50 x tan (40°) = 41.96 m

11. Emerging Applications in the 21st Century

Modern Usage Statistics:
1. Al 'models use trigonometric transformations in signal encoding
2. Solar panel optimization improves efficiency by 15-25%

3. MRI imaging relies on Fourier transforms (trigonometric basis)
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New Areas:
1. Autonomous vehicles (sensor angle calculations)
2. Drone navigation systems
3. Smart city infrastructure
12. Advantages of Trigonometric Applications
1. Enables indirect measurement
2. Enhances precision in engineering
3. Supports modeling of periodic phenomena
4. Widely applicable across disciplines
13. Limitations
1. Requires accurate angle measurement
2. Sensitive to small errors
3. Complex in higher-dimensional systems
14. Discussion

The study highlights that trigonometry is not just theoretical but deeply embedded in real-world
systems. From infrastructure development to digital simulations, trigonometric functions serve
as a bridge between mathematics and applied sciences.

Its interdisciplinary nature makes it indispensable in solving modern engineering and
technological challenges.

15. Conclusion

Trigonometric functions remain one of the most powerful mathematical tools in the 21st
century. Their applications span across engineering, navigation, astronomy, and digital
technologies. As innovations continue to emerge, the relevance of trigonometry will only
increase, reinforcing its role as a foundational pillar of modern science and engineering.
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