A Periodic Composite Signal With A
Bandwidth Of 2000 Hz Is Composed Of
Two Sine Waves. The First One

A Periodic Composite Signal With A Bandwidth Of 2000 Hz Is Composed Of Two
Sine Waves. The First One is a fundamental concept in the field of signal
processing and communications. Understanding how composite signals are
formed, their spectral characteristics, and how they can be analyzed is
essential for engineers, researchers, and students working with analog and
digital systems. In this article, we will explore the detailed
characteristics of such signals, focusing on their composition, frequency
components, and implications in practical applications.

Introduction to Periodic Composite Signals

A periodic composite signal is a signal that repeats itself over a fixed
interval and is formed by combining multiple simpler signals, typically sine
or cosine waves. These signals are fundamental in various fields such as
telecommunications, audio processing, and control systems because they can
represent complex waveforms efficiently.

When a composite signal has a bandwidth of 2000 Hz, it means that the
signal's spectral content spans frequencies from zero up to 2000 Hz.
Understanding how this bandwidth is distributed among the constituent sine
waves and their properties is crucial for signal analysis and processing.

Formation of the Composite Signal from Two Sine
Waves

The composite signal in question is formed by adding two sine waves. Each
sine wave can be characterized by its amplitude, frequency, and phase:

- Amplitude (A): The peak value of the sine wave.

- Frequency (f): The number of oscillations per second, measured in Hertz
(Hz) .

- Phase (¢): The initial angle or offset of the wave at time zero.
Mathematically, the composite signal \( x(t) \) can be expressed as:

\[ x(t) = A 1\sin(2\pi f 1 t + \phi 1) + A 2 \sin(2\pi f 2 t + \phi 2) \]

where:



-\( A1, A2\) are the amplitudes,
-\( f 1, f 2 \) are the frequencies,
- \( \phi_ 1, \phi 2 \) are the phase angles.

The sum of these two sine waves results in a more complex periodic signal,
which exhibits characteristics influenced by the individual components.

Key Concepts in Signal Composition

1. Bandwidth and Its Significance

Bandwidth is the difference between the highest and lowest frequency
components within a signal. For a composite signal with a bandwidth of 2000
Hz:

- The maximum frequency component is \( f {max} \).
- The minimum frequency component is \( f {min} \).

Given that the bandwidth is 2000 Hz, the frequencies of the two sine waves
are chosen such that:

\[ |f 2 - f 1| \leq 2000 \, \text{Hz} \]

This bandwidth constraint ensures that the combined spectral content does not
extend beyond 2000 Hz, which is critical for applications where bandwidth
limitations are imposed, such as in communication channels.

2. Frequency Components of the Signal

The two sine waves can be selected in different ways:

- Adjacent frequencies: For example, \( f 1 = 500\, \text{Hz} \), \( f 2 =
1500\, \text{Hz} \). Their difference is 1000 Hz, which is within the 2000 Hz
bandwidth.

- Widely spaced frequencies: For example, \( f 1 = 100\, \text{Hz} \), \( f 2
= 2100\, \text{Hz} \). Their difference is exactly 2000 Hz, matching the
bandwidth limit.

The choice of frequencies influences the overall shape and spectral behavior
of the composite signal.

3. Periodicity and Fundamental Frequency

The combined signal remains periodic only if the ratio \( f 2 / f 1 \) is a
rational number. The fundamental period \( T 0 \) of the composite signal 1is
related to the individual frequencies:



\[ T 0 = \frac{1}{\text{Least Common Multiple of } f 1 \text{ and } f 2} \]

or, more precisely, if \( f_ 1 \) and \( f_2 \) are rational multiples, the
overall period is the least common multiple of their individual periods:

\[ T O = \text{LCM}(T 1, T 2) \]
where \( T1 =1/ f1\)and \( T2 =1/ f 2 \).

If the frequencies are irrational multiples, the signal becomes aperiodic,
which is outside the scope of this discussion focused on periodic signals.

Analyzing the Composite Signal

1. Fourier Series Representation

Since the composite signal is periodic, it can be represented as a Fourier
series:

\[ x(t) = a 0 + \sum {n=1}"\infty \left[ a n \cos(2\pi n f @ t) + b n
\sin(2\pi n f 0 t) \right] \]

where \( f 0 \) is the fundamental frequency, and the coefficients \( a n \),
\( b n\) determine the spectral content.

The Fourier series helps in understanding how the two sine waves contribute
to the harmonic structure of the composite signal.

2. Spectral Analysis and Visualization

Using tools such as Fourier Transform or Spectrum analyzers, engineers can
visualize the frequency components:

- Spectral peaks at \( f 1 \) and \( f 2 \).
- Harmonics generated due to non-linearities or modulation.

- Intermodulation products if non-linear mixing occurs.

Visualizing the spectrum aids in designing filters and communication systems
that can isolate or suppress certain frequency components.

Practical Applications of Such Composite
Signals

Composite signals formed from two sine waves with a bandwidth of 2000 Hz are



common in various practical contexts:

- Communication Systems: Modulating signals often consist of multiple
frequency components within a limited bandwidth.

- Audio Signal Processing: Combining tones or musical notes involves summing
sine waves within certain frequency ranges.

- Signal Filtering: Designing filters to pass or reject specific frequency
components relies on understanding the spectral characteristics.

- Spectrum Management: Ensuring signals occupy designated bandwidths to
prevent interference requires knowledge of the constituent frequencies.

Design Considerations for Generating Such
Signals

When synthesizing or analyzing composite signals, engineers consider several
factors:

* Frequency Selection: Choosing \( f 1 \) and \( f 2 \) such that their
difference does not exceed 2000 Hz.

e Amplitude Balance: Adjusting Al and A2 to shape the overall waveform as
desired.

* Phase Relationship: Controlling phase differences \( \phi 1 \) and \(
\phi 2 \) to influence waveform shape and destructive/constructive
interference.

e Sampling Rate: Selecting an appropriate sampling frequency (e.g., at
least twice the maximum frequency component, per Nyquist criterion) to
accurately digitize the signal.

Mathematical Example

Suppose we choose:

1 = 500\, \text{Hz} \)
2 = 1500\, \text{Hz} \)
1 =A2 =1\, \text{V} \)
phi 1 = \phi 2 = 0 \)
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The composite signal:

\[ x(t) = \sin(2\pi \times 500\, t) + \sin(2\pi \times 1500\, t) \]



The fundamental period:

\[ T 0 = \frac{1}{ \text{GCD}(f 1, f 2) } = \frac{1}{500\, \text{Hz}} = 2\,
\text{ms} \]

since 500 Hz divides evenly into both frequencies. This indicates the
waveform repeats every 2 milliseconds.

The spectrum will show peaks at 500 Hz and 1500 Hz, with potential harmonic
content at multiples of these frequencies depending on the waveform's shape.

Conclusion

A periodic composite signal with a bandwidth of 2000 Hz composed of two sine
waves exemplifies fundamental principles of signal synthesis and analysis. By
understanding the interplay of frequencies, amplitudes, phases, and
periodicity, engineers can design systems that efficiently transmit, process,
and analyze signals within bandwidth constraints. Whether in
telecommunications, audio engineering, or control systems, the insights
gained from studying such composite signals are invaluable for optimizing
performance and ensuring signal integrity.

In summary, the key takeaways include:

- The importance of selecting appropriate frequencies within the bandwidth.
- The role of Fourier analysis in understanding spectral content.

- The impact of phase and amplitude on waveform shape.

- Practical considerations in signal generation and filtering.

Mastering these concepts enables the effective design and analysis of complex
signals, fostering advancements in modern communication and signal processing
technologies.

Frequently Asked Questions

What is the significance of a periodic composite
signal with a bandwidth of 2000 Hz composed of two
sine waves?

It indicates that the combined signal repeats every period and contains
frequency components within 2000 Hz, which is essential for analyzing and
designing communication systems and filters.

How can the frequencies of the two sine waves be



determined if their sum forms a periodic composite
signal with a 2000 Hz bandwidth?

By analyzing the Fourier components and ensuring their sum and difference
frequencies do not exceed 2000 Hz, we can identify the individual sine wave
frequencies that compose the signal.

What role does the fundamental frequency play in a
composite signal made of two sine waves with a 2000
Hz bandwidth?

The fundamental frequency is the inverse of the signal's period and
determines the basic repeating pattern, influencing how the two sine waves
combine to produce the periodic composite signal.

If the first sine wave has a known frequency, how
can we determine the frequency of the second sine
wave in the composite signal?

Using the bandwidth constraint (2000 Hz) and the fact that the sum or
difference of the two frequencies must be within this limit, we can calculate
the second sine wave's frequency accordingly.

Why is the concept of bandwidth important when
analyzing a periodic composite signal made of two
sine waves?

Bandwidth defines the range of frequencies contained within the signal;
understanding it helps in designing filters, predicting signal behavior, and
ensuring minimal interference in communication systems.

How does the periodicity of the composite signal
relate to the frequencies of the individual sine
waves?

The composite signal's period is determined by the least common multiple of
the periods of the individual sine waves, which depends on their frequencies,
ensuring the overall signal repeats periodically.

Additional Resources

A Periodic Composite Signal With A Bandwidth Of 2000 Hz Is Composed Of Two
Sine Waves. This intriguing statement opens the door to a comprehensive
exploration of how multiple sinusoidal components combine to form complex



periodic signals, especially within the context of bandwidth limitations.
Understanding the composition of such signals is fundamental in fields
ranging from communications engineering to signal processing, where the
integrity of transmitted information hinges on the precise manipulation and
analysis of these waveforms.

Introduction to Composite Signals and Bandwidth

A composite signal arises when multiple individual signals, often sine or
cosine waves, sum together to create a more complex waveform. When dealing
with periodic signals, this superposition can result in rich harmonic
structures that encode information or exhibit specific spectral properties.

The bandwidth of a signal refers to the range of frequencies it contains. For
a periodic composite signal with a bandwidth of 2000 Hz, all constituent
frequency components are confined within a 2000 Hz span, which significantly
influences its spectral characteristics and the potential for signal analysis
and transmission.

Fundamental Concepts
Periodic Signals and Sinusoidal Components

Periodic signals repeat their pattern over a fixed interval, called the
period (T), with a corresponding fundamental frequency (fe = 1/T). According
to Fourier series theory, any such signal can be decomposed into a sum of
sinusoidal components at discrete frequencies:

- Fundamental frequency (fo)
- Harmonics (integer multiples of fo)

This decomposition enables engineers to analyze and synthesize signals
efficiently.

Bandwidth in Signal Composition
In the context of a composite signal, bandwidth essentially defines the span
of frequencies over which the signal's spectral components are distributed.

For a signal with a bandwidth of 2000 Hz, the highest frequency component is
at most 2000 Hz above the lowest frequency component.

Deconstructing the Scenario: Two Sine Waves

Given that the composite signal is formed from two sine waves and has a
bandwidth of 2000 Hz, several key points emerge:



- The two sine waves are sinusoidal signals, each characterized by their
amplitude, frequency, and phase.

- Their superposition results in a periodic waveform whose spectral content
spans no more than 2000 Hz.

- The combined waveform's fundamental period and spectral properties depend
on the individual frequencies and their relationship.

Possible Configurations

The composition can take various forms depending on the frequencies of the
two sine waves:

1. Harmonic relationship: One frequency is an integer multiple of the other.
2. Incommensurate frequencies: The frequencies are not integer multiples,
leading to more complex periodicity or quasiperiodicity.

3. Close frequencies: The two frequencies are close together, resulting in
phenomena like beating.

Analyzing the Frequencies of the Two Sine Waves

Case 1: Frequencies as Harmonics

Suppose the two sine waves are at frequencies \( f 1 \) and \( f 2 \), both
less than or equal to 2000 Hz. For the superposition to be periodic, the
frequencies should be commensurate—meaning their ratio is a rational number:
\[ \frac{f_2}{f_1} = \frac{p}{q} \I

where \( p \) and \( g \) are integers.

In such a case:

- The period of the combined signal is the least common multiple (LCM) of the
individual periods:

\[ T = \text{LCM} \left( \frac{1l}{f 1}, \frac{1}{f 2} \right) \]
- The fundamental frequency of the composite is:

\[ f 0 = \frac{1}{T} \]

- The spectral bandwidth is:

\[ \text{Bandwidth} = |f 2 - f 1] \]

Given the bandwidth constraint of 2000 Hz, the maximum difference between the
frequencies is 2000 Hz.

Example:



-\( f 1 500\, \text{Hz} \)
\( f 2 1500\, \text{Hz} \)

Here, the bandwidth is \( 1500 - 500 = 1000\, \text{Hz} \), which is within
the 2000 Hz limit.

Case 2: Frequencies Not in a Simple Ratio
If the frequencies are not rational multiples, the combined waveform can be

non-periodic or quasiperiodic, but for simplicity, many practical signals are
designed to have rational ratios for periodicity.

Spectral Analysis and Visualization
Fourier Series Representation

A periodic composite signal \( x(t) \) composed of two sine waves can be
written as:

\ [
x(t) = A 1 \sin(2\pi f 1 t + \phi 1) + A 2 \sin(2\pi f 2 t + \phi_ 2)
\]

where:

-\N( A1, A2\) are amplitudes.
- \( \phi 1, \phi 2 \) are phase shifts.

Spectrum
The Fourier spectrum of \( x(t) \) will exhibit two discrete peaks at \( f 1

\) and \( f 2 \) with their respective amplitudes. The spectral bandwidth
(the difference between the highest and lowest frequency components) is:

tiext{Bandwidth} = |f 2 - f1]

\1]

which must be = 2000 Hz to satisfy the given condition.

Visual Representation

- The spectral plot shows two spikes at \( f 1 \) and \( f 2 \).

- The time-domain waveform appears as a superposition of two sinusoidal
oscillations, resulting in beat patterns if the frequencies are close.

Practical Implications



Signal Generation

- Engineers can generate such signals using oscillators tuned to the desired
frequencies.

- Ensuring the combined signal is periodic requires choosing frequencies that
are rational multiples, facilitating predictable behavior.

Signal Processing Applications

- Filtering: Knowing the spectral content helps design filters to isolate or
suppress specific components.

- Modulation: Combining sine waves is fundamental in modulation schemes for
communication systems.

- Bandwidth Management: Limiting the bandwidth to 2000 Hz ensures the signal
fits within certain spectral allocations, crucial for efficient spectrum
utilization.

Challenges
- Interference and Noise: The spectral components can be affected by noise,
which can distort the superposition.

- Aliasing: Sampling such signals requires a sampling rate at least twice the
bandwidth (Nyquist criterion), i.e., at least 4000 Hz.

Mathematical Tools for Analysis

Fourier Series & Fourier Transform

- Fourier Series: Suitable for analyzing periodic signals, decomposing them
into harmonics.

- Fourier Transform: Useful for analyzing non-periodic or quasiperiodic
signals, providing a continuous spectrum.

Beat Frequency

When two frequencies are close, their superposition produces beats at the
difference frequency:

\ [
f {\text{beat}} = |f 2 - f 1|
\]

This phenomenon is critical in tuning and audio applications.

Summary and Key Takeaways

- A periodic composite signal with a bandwidth of 2000 Hz composed of two



sine waves can be fully characterized by their individual frequencies and
amplitudes.

- For the combined signal to be periodic, the frequencies should be rational
multiples; otherwise, the signal may be quasiperiodic.

- The spectral content consists of two distinct spikes, with the bandwidth
determined by the difference between the two frequencies.

- Practical applications include signal generation, filtering, modulation,
and spectrum management.

- Proper sampling and filtering are essential to accurately capture and
process such signals.

Final Thoughts

The study of A Periodic Composite Signal With A Bandwidth Of 2000 Hz Is
Composed Of Two Sine Waves exemplifies the elegance of Fourier analysis and
its power to decode complex waveforms into simple, manageable components.
Whether designing communication systems or analyzing musical tones,
understanding how two sine waves combine within bandwidth constraints
provides critical insights into the behavior and manipulation of signals in a
wide array of engineering applications.

A Periodic Composite Signal With A Bandwidth Of 2000 Hz Is
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