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harmonic content, period, and spectral properties. Understanding how multiple sinusoidal
signals combine to form a complex periodic waveform is fundamental in signal processing,
communications, and electrical engineering. This comprehensive article explores the
process of analyzing such a composite signal, providing insights into the concepts of
periodicity, frequency spectrum, and signal synthesis.

---

Introduction to Periodic Signals and Sinusoids

Periodic signals are signals that repeat their pattern over a fixed interval, known as the
period. These signals are fundamental in various engineering applications, including
telecommunications, audio processing, and control systems. Sinusoids, or sine and cosine
functions, serve as the building blocks of periodic signals, thanks to their simplicity and
mathematical properties.

Why Sinusoids Are Fundamental

Sinusoids are the basis functions in Fourier analysis, enabling engineers and scientists to
decompose complex periodic signals into individual frequency components. This
decomposition allows for easier analysis, filtering, and synthesis of signals.

Understanding the Given Signal: Sum of
Sinusoids

The signal in question is composed of three sinusoidal components with frequencies of
5000 Hz, 2300 Hz, and 3400 Hz, combined as follows:

- Sinusoid 1: 5000 Hz
- Sinusoid 2: 2300 Hz
- Sinusoid 3: 3400 Hz

Mathematically, the total signal \( x(t) \) can be expressed as:



\[
x(t) = A_1 \sin(2\pi f_1 t + \phi_1) + A_2 \sin(2\pi f_2 t + \phi_2) + A_3 \sin(2\pi f_3 t +
\phi_3)
\]

where \( A_i \) are amplitudes, \( f_i \) are frequencies, and \( \phi_i \) are phase shifts. For
simplicity, assuming all phases are zero and equal amplitudes, the analysis focuses on the
frequencies.

---

Determining the Signal’s Periodicity

Since the overall signal is a sum of individual sinusoids, the combined waveform is
periodic if and only if the individual frequencies are commensurate—that is, their ratios
are rational numbers, leading to a common fundamental period.

Calculating the Fundamental Frequency

To find the fundamental period \( T \), we need to determine the least common multiple
(LCM) of the individual periods:

\[
T_i = \frac{1}{f_i}
\]

for each frequency \( f_i \).

Let's compute the individual periods:

- \( T_1 = \frac{1}{5000} = 0.0002 \, \text{seconds} \)
- \( T_2 = \frac{1}{2300} \approx 0.00043478 \, \text{seconds} \)
- \( T_3 = \frac{1}{3400} \approx 0.00029412 \, \text{seconds} \)

Next, find the least common multiple of these periods to determine the overall period \(
T_{total} \).

---

Finding the Fundamental Period and Frequency



Step 1: Express Frequencies as Ratios

Express each frequency as a ratio of integers:

- \( f_1 = 5000 \, \text{Hz} \)
- \( f_2 = 2300 \, \text{Hz} \)
- \( f_3 = 3400 \, \text{Hz} \)

Now, find the ratios relative to the smallest frequency:

- \( \frac{f_1}{f_2} = \frac{5000}{2300} \approx 2.1739 \)
- \( \frac{f_3}{f_2} = \frac{3400}{2300} \approx 1.478 \)

These are not rational ratios, indicating the frequencies are incommensurate, and the sum
may not be strictly periodic over a finite interval. However, in practical applications, if the
ratios are close to rational numbers, the signal can be considered approximately periodic
over a certain duration.

---

Step 2: Find the Greatest Common Divisor (GCD) of the
Frequencies

Alternatively, analyze the frequencies to find their greatest common divisor (GCD):

- Convert frequencies to integers: 5000, 2300, 3400
- Find GCD of these integers:

\[
\text{GCD}(5000, 2300, 3400) = 100
\]

Thus, the GCD is 100 Hz.

---

Step 3: Calculate the Fundamental Frequency

The fundamental frequency \( f_0 \) is:

\[
f_0 = \text{GCD}(f_1, f_2, f_3) = 100 \, \text{Hz}
\]

Correspondingly, the fundamental period \( T_0 \) is:



\[
T_0 = \frac{1}{f_0} = \frac{1}{100} = 0.01 \, \text{seconds}
\]

This means the combined signal repeats every 0.01 seconds, assuming the phases are
aligned appropriately.

---

Spectral Content of the Signal

The spectral analysis of the signal reveals its frequency components, which are vital for
understanding bandwidth, filtering, and modulation.

Harmonics and Frequency Components

Since the signal comprises three sinusoidal components at frequencies of 5000 Hz, 2300
Hz, and 3400 Hz, its spectrum contains delta functions at these frequencies.

- Main frequency components:
- 2300 Hz
- 3400 Hz
- 5000 Hz

- Harmonics and Intermodulation Products:
- Nonlinear interactions can generate additional frequencies at sums and differences, such
as:
- \( 5000 + 2300 = 7300 \, \text{Hz} \)
- \( 5000 - 2300 = 2700 \, \text{Hz} \)
- \( 5000 + 3400 = 8400 \, \text{Hz} \)
- \( 5000 - 3400 = 1600 \, \text{Hz} \)
- \( 3400 + 2300 = 5700 \, \text{Hz} \)
- \( 3400 - 2300 = 1100 \, \text{Hz} \)

These intermodulation products may appear in the spectrum if the signal passes through
nonlinear systems.

Bandwidth of the Signal

The bandwidth is determined by the highest and lowest frequency components:

\[
BW = f_{max} - f_{min} = 5000\, \text{Hz} - 2300\, \text{Hz} = 2700\, \text{Hz}
\]



Understanding the bandwidth is crucial for designing filters and communication systems.

---

Synthesis and Applications of Such Signals

The knowledge of how to analyze and synthesize signals composed of multiple sinusoids
has numerous applications:

Key Applications Include:

Communication Systems: Modulation and demodulation of multi-tone signals

Audio Signal Processing: Reproducing complex sounds from sinusoidal components

Electrical Engineering: Designing filters for specific frequency bands

Vibration Analysis: Identifying harmonic content in mechanical systems

Signal Synthesis Techniques

To generate a similar composite signal, engineers use techniques such as:

Superposition of sinusoidal signals with specified frequencies, amplitudes, and1.
phases

Fourier synthesis for creating complex waveforms from spectral components2.

Digital signal processing algorithms for real-time signal generation and analysis3.

---

Conclusion

Analyzing a periodic signal composed of sinusoidal components at 5000 Hz, 2300 Hz, and
3400 Hz reveals critical insights into its periodicity, spectral content, and applications. By
calculating the greatest common divisor (GCD) of the frequencies, we determine the
fundamental frequency at 100 Hz, with a fundamental period of 0.01 seconds. The



spectrum contains the primary frequencies, along with intermodulation products arising
from nonlinear interactions. Understanding these concepts is essential for designing
efficient communication systems, audio equipment, and signal processing algorithms. The
principles outlined in this article serve as a foundation for engineers and scientists
working with complex periodic signals, enabling accurate analysis, synthesis, and filtering
in various technological applications.

---
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Frequently Asked Questions

What is the fundamental frequency of the periodic
signal composed of 5000 Hz, 2300 Hz, and 3400 Hz
sinusoids?
The fundamental frequency is the greatest common divisor (GCD) of the component
frequencies, which is 100 Hz.

How do you determine if the sum of these sinusoids
results in a periodic signal?
Since all component frequencies are integer multiples of the fundamental frequency (100
Hz), their sum is periodic with a period of 1/100 seconds.

What is the overall bandwidth of the combined signal?
The bandwidth spans from the lowest frequency (2300 Hz) to the highest (5000 Hz),
totaling 2700 Hz.

How do the component frequencies affect the signal's
phase and amplitude?
The overall shape and phase of the composite signal depend on the amplitudes and initial



phases of the individual sinusoids.

What is the significance of the least common multiple
(LCM) of the component frequencies in this context?
The LCM of 5000 Hz, 2300 Hz, and 3400 Hz determines the period of the combined signal,
which is related to the fundamental frequency's reciprocal.

Can this composite signal be used to analyze harmonic
content in communication systems?
Yes, understanding the harmonic components helps in analyzing and designing
communication signals and filters.

How does the periodicity of the sum impact signal
processing applications?
Periodic signals enable easier analysis using Fourier series, filter design, and modulation
techniques in signal processing.

What are practical applications of understanding
signals composed of multiple sinusoids?
Applications include audio synthesis, vibration analysis, telecommunications, and spectral
analysis in various engineering fields.
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Introduction

In the realm of signal processing and communications, understanding the composition of
complex signals is fundamental. When a periodic signal can be expressed as the sum of
several sinusoidal components, it embodies the principle that any periodic waveform can
be decomposed into simpler harmonic constituents—a concept central to Fourier analysis.
This article delves into a specific scenario: a periodic signal formed by the summation of
three sinusoidal signals with frequencies of 5000 Hz, 2300 Hz, and 3400 Hz. By examining
this composite signal's properties, we aim to uncover its fundamental frequency, period,
and other key characteristics, shedding light on how these individual components
influence the overall waveform.

---



Fundamental Concepts in Periodic Signal Composition

Before analyzing the specific frequencies, it is essential to understand some foundational
principles:

- Sinusoidal Signals: These are signals of the form \(A \sin(2\pi f t + \phi)\), characterized
by amplitude \(A\), frequency \(f\), and phase \(\phi\). They are the building blocks of more
complex waveforms.

- Superposition Principle: Any linear combination of sinusoidal signals results in a new
sinusoidal or periodic signal. When multiple sinusoids are summed, the resulting
waveform's shape depends on their frequencies, amplitudes, and phases.

- Periodicity and Fundamental Frequency: A sum of sinusoids is periodic if all component
signals are periodic with a common period. The fundamental frequency corresponds to the
reciprocal of the fundamental period—the smallest period common to all components.

---

Determining the Signal’s Periodicity

One of the critical concepts in analyzing a composite sinusoidal signal is its period. The
period \(T\) of the combined signal is the least common multiple (LCM) of the individual
periods of the constituent sinusoids.

Step 1: Find the individual periods

For each sinusoid with frequency \(f_i\):

\[
T_i = \frac{1}{f_i}
\]

Calculating:

- For 5000 Hz:

\[
T_1 = \frac{1}{5000} = 0.0002 \text{ seconds} = 200 \text{ microseconds}
\]

- For 2300 Hz:

\[
T_2 = \frac{1}{2300} \approx 0.00043478 \text{ seconds} \approx 434.7826 \text{
microseconds}
\]

- For 3400 Hz:

\[



T_3 = \frac{1}{3400} \approx 0.00029412 \text{ seconds} \approx 294.1176 \text{
microseconds}
\]

Step 2: Find the common period

The combined signal will be periodic only if there exists a common multiple of these
individual periods. To find the fundamental period \(T\):

\[
T = \text{LCM of } T_1, T_2, T_3
\]

Because these are irrational numbers, it’s more convenient to work with their frequencies
and find the least common multiple of the frequencies’ reciprocals or, equivalently, find
the least common multiple of the frequencies’ ratios.

---

Calculating the Fundamental Frequency

The key to determining the fundamental period is to analyze the ratios of the frequencies:

\[
f_1 = 5000\, \text{Hz}, \quad f_2 = 2300\, \text{Hz}, \quad f_3 = 3400\, \text{Hz}
\]

Let's express the ratios relative to a common base:

\[
\frac{f_1}{f_2} = \frac{5000}{2300} \approx 2.1739
\]
\[
\frac{f_1}{f_3} = \frac{5000}{3400} \approx 1.4706
\]

Since these ratios are not rational numbers with small integers, the frequencies are
generally incommensurate, meaning their ratios are irrational, and the sum will not be
strictly periodic unless the frequencies are harmonically related.

However, in practical applications, the signals are often considered periodic over a
sufficiently long time if their frequencies are close to harmonic ratios. Alternatively, if the
frequencies are intentionally chosen to be harmonics, the fundamental period can be
calculated explicitly.

---

Identifying the Least Common Multiple of Frequencies

To determine the fundamental period, find the least common multiple (LCM) of the
frequencies:



- Convert the frequencies to their fractional forms and analyze their ratios.
- Alternatively, express the frequencies in terms of their prime factors.

Let’s analyze the frequencies:

\[
f_1 = 5000\, \text{Hz} = 2^3 \times 5^4
\]
\[
f_2 = 2300\, \text{Hz} = 2^2 \times 5^2 \times 23
\]
\[
f_3 = 3400\, \text{Hz} = 2^3 \times 5^2 \times 17
\]

The LCM of these frequencies:

\[
\text{LCM}(f_1, f_2, f_3) = 2^{\max(3,2,3)} \times 5^{\max(4,2,2)} \times 17 \times 23
\]

Calculating:

\[
= 2^3 \times 5^4 \times 17 \times 23
\]
\[
= 8 \times 625 \times 17 \times 23
\]

Step-by-step:

- \(8 \times 625 = 5000\)
- \(5000 \times 17 = 85,000\)
- \(85,000 \times 23 = 1,955,000\)

Thus, the least common multiple of the frequencies is approximately 1,955,000 Hz.

Correspondingly, the fundamental period:

\[
T_{fundamental} = \frac{1}{\text{LCM of frequencies}} \approx \frac{1}{1,955,000}
\approx 5.11 \times 10^{-7} \text{ seconds}
\]

or approximately 0.511 microseconds.

Interpretation: The composite signal repeats every approximately 0.511 microseconds,
which is extremely short, indicating a very high-frequency fundamental period. This
suggests the summed waveform is highly complex and contains many harmonics.



---

Overall Signal Characteristics

Based on the analysis above, the combined signal's key features are:

- Periodicity: The signal repeats after approximately 0.511 microseconds, given the
specific harmonic relationship of the component frequencies.
- Fundamental Frequency: Corresponds to the reciprocal of the fundamental period:

\[
f_{fundamental} \approx 1 / T_{fundamental} \approx 1,955,000\, \text{Hz}
\]

- Harmonic Content: The signal contains multiple harmonics stemming from the sum of
sinusoids at 2300 Hz, 3400 Hz, and 5000 Hz, which are not integer multiples of each
other, leading to a complex waveform.

---

Practical Implications and Applications

Understanding such signals has vast applications across telecommunications, audio
engineering, and RF systems:

- Signal Analysis: Recognizing the composite nature of signals helps engineers analyze
interference, noise, and signal integrity.
- Filtering and Modulation: Knowing the fundamental frequency aids in designing filters
that isolate or suppress certain components.
- Spectrum Management: High-frequency signals with complex harmonics are common in
wireless communication, where spectrum efficiency is crucial.

---

Challenges and Considerations

While the theoretical calculation suggests a fundamental period based on frequency ratios,
real-world signals often exhibit phase shifts and amplitude variations that influence the
waveform's exact shape. Moreover, frequencies that are not rational multiples lead to
quasi-periodic signals, which do not strictly repeat but exhibit repeating patterns over
long durations.

---

Conclusion

The exploration of a periodic signal formed by the summation of sinusoids at 5000 Hz,
2300 Hz, and 3400 Hz reveals intricate relationships between component frequencies and
overall waveform behavior. By analyzing their periods, ratios, and least common multiples,
we understand that the combined signal possesses a fundamental period of approximately
0.511 microseconds, corresponding to a fundamental frequency of about 1.955 MHz. Such



insights are critical in fields like signal processing, telecommunications, and audio
engineering, where the composition and behavior of complex signals underpin system
design and analysis.

Understanding these principles empowers engineers and scientists to interpret,
manipulate, and optimize signals for a multitude of technological
applications—demonstrating the profound significance of fundamental frequency analysis
in modern science and engineering.
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