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Amplitude modulation exam solutions

Understanding amplitude modulation (AM) is fundamental for students and professionals in the field
of communication systems. As part of exam preparations, comprehensive solutions to typical AM
guestions are invaluable for mastering concepts, problem-solving techniques, and application skills.

This article provides in-depth solutions to common amplitude modulation exam questions, helping
learners grasp the underlying principles and develop confidence in their understanding.

Introduction to Amplitude Modulation
What is Amplitude Modulation?
Amplitude modulation is a technique used in electronic communication where the amplitude of a
high-frequency carrier signal is varied in proportion to the instantaneous amplitude of a baseband
message signal (also called the modulating signal). It enables transmission of information over long
distances via radio waves, making it a cornerstone in broadcasting and communication systems.
Mathematical Representation of AM Signals
The standard expression for an amplitude-modulated wave is:
\[ s(t) = [A_c + m(t)] \cos(\omega_c t) \]
Where:

-\(A_c\) is the amplitude of the carrier wave.

- \(m(t)\) is the message signal.

-\(\omega_c\) is the angular frequency of the carrier wave.
In a typical case with a message signal \(m(t) = A_m \cos(\omega_m t)\), the AM wave becomes:

\[ s(t) = A_c \cos(\omega_ct) + A_m\cos(\omega_m t) \cos(\omega_ct)\]

Applying the trigonometric identity:
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\[ \cos A \cos B = \frac{1}{2} [\cos(A+B) + \cos(A-B)] \]
The AM signal can be rewritten as:

\[ s(t) = A_c \cos(\omega_c t) + \frac{A_m}{2} [\cos(\omega_c + \omega_m)t + \cos(\omega_c -
\omega_m)t] \]

This reveals the carrier and sideband components.
Common Types of AM Exam Questions and Solutions

Question 1: Derive the expression for the amplitude-modulated wave and
identify the spectrum components.

Solution:
Given:
- Carrier: \(A_c \cos(\omega_c t)))
- Message: \(m(t) = A_m \cos(\omega_m t)\)
The modulated wave:
\[ s(t) =[A_c + A_m\cos(\omega_m t)] \cos(\omega_c t) \]
Expanding:
\[ s(t) = A_c \cos(\omega_ct) + A_m \cos(\omega_m t) \cos(\omega_c t) \]
Using the cosine product identity:

\[ \cos(\omega_m t) \cos(\omega_c t) = \frac{1}2} [\cos(\omega c + \omega_m)t + \cos(\omega_c -
\omega_m)t] \]

Therefore,

\[ s(t) = A_c \cos(\omega_c t) + \frac{A_m}{2} [\cos(\omega_c + \omega_m)t + \cos(\omega_c -
\omega_m)t] \]

Spectrum components:
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- Carrier component at frequency \(f_c = \frac{\omega _c}{2\pi}\)
- Upper sideband at \(f_c +f _m\)
- Lower sideband at \(f_c - f_m\)

This spectrum shows three primary components, illustrating the frequency domain structure of AM
signals.

Question 2: Calculate the percentage modulation index given the carrier and
message amplitudes.

Given:

- Carrier amplitude \(A_c=10W)

- Message amplitude \(A_m =4 W)
Solution:
The modulation index (\(m\)) is defined as:
\[ m = \frac{A_m}A_c} \times 100\% \]
Substituting values:
\[ m = \frac{4H10} \times 100\% = 40\% \]
Thus, the modulation index is 40%.

Question 3: Determine the bandwidth of an AM signal with a message
frequency of 3 kHz.

Solution:

The bandwidth \(BW\) of an AM signal is twice the maximum frequency of the message signal:
\[BW=2f m}\]

Given \(f_m = 3\, \text{kHz}\),

\[ BW = 2 \times 3\, \text{kHz} = 6\, \text{kHz} \]
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Answer: The bandwidth of the AM signal is 6 kHz.
Advanced Topics in Amplitude Modulation
Question 4: Derive the expression for total power transmitted in an AM wave.
Solution:
Total power \(P_t\) in an AM wave consists of:
- Power in the carrier \(P_c\)
- Power in the sidebands \(P_{SB}\)

Given:

- Carrier power:

\[ P_c =\frac{A_c"2H{2 R} \]

- Sideband power:
\[ P_{SB} = \frac{A_m"2}{4 R} \]
Where \(R)) is the load resistance.
Since sideband power appears in both upper and lower sidebands, total sideband power is:
\[ P_{sidebands} = 2 \times \frac{A_m"2H4 R} = \frac{A_m"2H{2 R} \]
The total power:
\[ P_t=P_c + P_{SB} =\frac{A_c"2H{2 R} + \frac{A_m"2H{2 R} = \frac{1{2 R} (A_c"2 + A_m"2)\]
Expressed in terms of modulation index \(m = \frac{A_m}A_c}\):
\[ P_t=\frac{A_c"2H2 R} (1 + m"2) \]

Practical Applications and Exam Tips
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Understanding the Key Concepts

- Ensure clarity on the mathematical representation of AM signals.
- Be comfortable deriving spectrum components using trigonometric identities.
- Understand how to calculate modulation index, bandwidth, and power.

Common Mistakes to Avoid

- Confusing the modulation index with modulation depth.
- Forgetting the factor of 2 when calculating sideband power.
- Misapplying the frequency spectrum formulas.

Exam Strategies

- Carefully read the question to identify what is asked: derivation, calculation, or explanation.
- Use clear step-by-step solutions, including relevant formulas.

- Draw waveforms or spectrum diagrams when necessary to visualize concepts.

- Practice previous years? questions to familiarize yourself with typical problem patterns.

Summary

Amplitude modulation is a fundamental concept in communication engineering, with numerous
applications in radio broadcasting and data transmission. Mastering AM involves understanding its
mathematical modeling, spectral components, power calculations, and bandwidth considerations.
Solving exam questions effectively requires a systematic approach: carefully analyzing the problem,
selecting appropriate formulas, and executing calculations with clarity. By studying detailed solutions
and practicing a variety of problems, students can develop a strong grasp of amplitude modulation
and excel in their examinations.

Additional Resources

- Textbooks on Communication Systems

- Online lecture series on Modulation Techniques

- Practice problem sets with detailed solutions

- Simulation tools like MATLAB for visualizing AM signals

In conclusion, mastering amplitude modulation exam solutions involves understanding both theory



amplitude modulation exam solutions Handbook Vol. 2026, Issue 6

and practical problem-solving technigues. Regular practice and thorough comprehension of the
fundamental principles will empower students to confidently tackle any AM-related questions in their
exams.

Amplitude Modulation Exam Solutions: A Comprehensive Review and Analytical Perspective

In the realm of telecommunications and signal processing, amplitude modulation exam solutions
serve as a crucial resource for students, educators, and professionals striving to understand the
intricacies of analog modulation techniques. As the foundation for many modern communication
systems, amplitude modulation (AM) embodies core principles that underpin radio broadcasting,
radar systems, and various forms of analog signal transmission. This article aims to provide an
in-depth investigation into the methodologies, common challenges, and pedagogical approaches
associated with amplitude modulation exam solutions, offering readers a detailed perspective
grounded in technical rigor and educational efficacy.

Understanding the Significance of Amplitude Modulation in
Communication Systems

Amplitude modulation is one of the earliest and simplest forms of analog modulation, where the
amplitude of a high-frequency carrier wave is varied in proportion to the instantaneous amplitude of

the message signal. Its importance lies not only in historical context but also in its foundational role
in analog communication.

Core Concepts of Amplitude Modulation

- Carrier Wave: A high-frequency sinusoidal wave, typically represented as \( c(t) = A_c \cos(2\pi
f ct)\), where\(A_c\) and \(f_c\) are the amplitude and frequency, respectively.

- Message Signal: The information-bearing signal, often of lower frequency, denoted as \( m(t) \).
- Modulated Signal: The resulting amplitude-varying wave, expressed as \( s(t) = [1 + k_a m(t)]

c(t) \), where \( k_a) is the amplitude sensitivity.

The fundamental goal of amplitude modulation is to encode information efficiently, ensuring fidelity
and minimizing interference.

Exam Solutions in Amplitude Modulation: Methodologies and
Approaches
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Accurate and comprehensive exam solutions are essential for assessing understanding and
application of AM principles. These solutions typically encompass derivations, graphical
representations, and practical calculations, each demanding meticulous attention to detail.

Standard Components of Amplitude Modulation Exam Solutions

- Mathematical Derivations:

- Deriving the modulated signal expression.
- Calculating the bandwidth using Carson's rule and other criteria.
- Finding the power distribution between carrier and sidebands.

- Graphical Analysis:

- Waveform diagrams illustrating unmodulated, modulated, and demodulated signals.
- Spectrum plots demonstrating sideband formations.

- Numerical Problems:

- Calculating modulation index (\(m\)) from given signals.
- Determining total power, sideband power, and carrier power.
- Computing bandwidth and demodulation efficiency.

- Conceptual Questions:
- Explaining the advantages and disadvantages of AM.
- Comparing AM with other modulation schemes such as frequency modulation (FM).

Common Techniques for Deriving Solutions

- Mathematical Modeling: Starting from fundamental equations, solutions often involve
step-by-step derivations, ensuring clarity and logical progression.
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- Use of Fourier Analysis: Applying Fourier transforms to analyze spectral components and
bandwidth considerations.

- Application of Modulation Index: Using the modulation index (\(m\)) to quantify the extent of
modulation and its impact on power and bandwidth.

- Graphical Methods: Utilizing Lissajous figures and spectrum diagrams to visually interpret
modulation effects.

Evaluating the Accuracy and Pedagogical Effectiveness of Exam
Solutions

The quality of amplitude modulation exam solutions directly influences student comprehension and
conceptual clarity. An effective solution should be:

- Complete and Detailed: Covering all aspects of the question, including derivations, calculations,
and explanations.

- Accurate: Free from mathematical errors, with clear assumptions and conditions stated.

- Educationally Sound: Incorporating explanatory notes that reinforce fundamental concepts and
facilitate understanding.

- Stepwise and Logical: Organized in a manner that guides the reader through complex
processes seamlessly.

Common Pitfalls and Errors in Exam Solutions

- Incorrect Assumptions: Overlooking key assumptions, such as linearity or narrowband
conditions.

- Mathematical Mistakes: Errors in calculations, especially in power or bandwidth estimations.
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- Misinterpretation of Graphs: Misreading spectral diagrams or waveform plots leading to incorrect
conclusions.

- Neglecting Practical Constraints: Ignoring real-world factors like noise, non-ideal components, or
modulation limits.

Highlighting these pitfalls is essential for both educators and students striving for mastery in
amplitude modulation.

Case Studies: Analyzing Exemplary and Flawed Exam Solutions
To elucidate best practices and common errors, this section presents detailed case studies.
Case Study 1: Correct Derivation of Bandwidth Using Carson's Rule

Scenario: Given a message signal with a maximum frequency \(f_m = 3\, \text{kHz}\) and a
modulation index \(m = 0.5\), determine the bandwidth.

Solution Highlights:

- Applying Carson's Rule: \( BW = 2(f_m + f \Delta) \)

- Since \(f_\Delta = m f_m = 0.5 \times 3\, \text{kHz} = 1.5\, \text{kHz}\),

- Therefore, \(BW = 2 (3\, \text{kHz} + 1.5\, \text{kHz}) = 9\, \text{kHz}\).

Analysis: The solution demonstrates a clear understanding of bandwidth calculation, with proper
substitution and logical steps.

Case Study 2: Flawed Power Calculation Due to Misapplication of Power Distribution

Scenario: Calculating the total power of an amplitude-modulated wave with carrier power \(P_c =
100\, \text{W}\) and modulation index \(m=0.8\).

Incorrect Approach: Assuming total power is simply \(P_{total} = P_c (1 + m”"2/2)\), instead of the
correct \(P_{total} = P_c (1 + m"2/2)\).
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Impact: The error leads to underestimating or overestimating the available power, affecting system
efficiency analysis.

Lesson: Highlighting the importance of proper formulas and understanding the physical significance
of each term.

Advancements and Future Directions in Amplitude Modulation Exam
Solutions

With the evolution of communication technology, the nature of exam solutions is also transforming.

Integration of Simulation Tools

- Software like MATLAB, LabVIEW, and Python enable dynamic visualization of AM signals,
spectrum analysis, and demodulation.

- Solutions now often include simulation outputs, aiding in conceptual understanding.

Emphasis on Conceptual Clarity

- Moving beyond rote calculations, solutions increasingly focus on real-world applications,
limitations, and the relevance of AM in modern contexts.

Development of Interactive Learning Modules

- Interactive tutorials and problem-solving platforms enhance engagement and comprehension.

Conclusion: The Pedagogical and Practical Value of Amplitude
Modulation Exam Solutions

The meticulous development and analysis of amplitude modulation exam solutions are vital for
cultivating a deep understanding of a foundational communication technique. Effective solutions
blend rigorous mathematical derivations with visual insights, fostering both conceptual clarity and
practical skills. As communication systems continue to evolve, so too must the methods and
resources used to teach and evaluate these principles. By critically examining existing solutions,
recognizing common pitfalls, and embracing technological advancements, educators and students
can ensure a robust mastery of amplitude modulation. Ultimately, high-quality exam solutions serve
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not merely as assessment tools but as catalysts for innovation and deeper comprehension in the
dynamic field of signal processing.

QuestionAnswer What are the key steps involved in solving amplitude modulation (AM) exam
problems? The key steps include understanding the given parameters, calculating the modulating
and carrier signals, applying modulation index formulas, and using the relevant equations to find the
desired quantities such as bandwidth, modulation index, or power distribution. How do you
determine the bandwidth of an amplitude modulated signal in exam solutions? The bandwidth of an
AM signal is determined using Carson's Rule, which states that bandwidth = 2 x (modulation
frequency + frequency deviation). For standard AM, it is often calculated as twice the maximum
frequency of the modulating signal. What is the typical approach to calculating the power of the
transmitted AM signal in exam solutions? The transmitted power in AM is calculated by summing the
power in the carrier and the sidebands. The carrier power is Pc = (Ac"2) / (2R), and the sideband
power is related to the modulation index. The total power is then P_total = Pc (1 + (m”2)/2), where
m is the modulation index. How do exam solutions handle cases of over-modulation in amplitude
modulation questions? Exam solutions emphasize that over-modulation (m > 1) causes distortion
and distortion-related issues. They show that the modulation index should be less than or equal to 1
for proper modulation, and calculations are adjusted accordingly, often highlighting the need to limit
modulation to prevent signal distortion. What are common mistakes to avoid when solving amplitude
modulation problems in exams? Common mistakes include using incorrect formulas for bandwidth
or power, confusing peak and RMS values, neglecting the impact of over-modulation, and
misapplying the modulation index. It's important to carefully read the problem, verify units, and
double-check calculations to ensure accuracy.

Related keywords: AM modulation, amplitude modulation theory, AM wave analysis, modulation
index, demodulation techniques, envelope detector, amplitude modulation formulas, AM spectrum,
modulation index calculation, AM exam questions

AMPLITUDE MODULATION SOLVED PROBLEMS

Amplitude Modulation Solved Problems

Understanding amplitude modulation (AM) is fundamental for students and professionals working in
communication systems, radio broadcasting, and signal processing. Solved problems serve as
practical tools to deepen comprehension of the concepts, enhance problem-solving skills, and
prepare for exams or real-world applications. In this article, we explore various amplitude modulation
solved problems, providing detailed solutions and explanations to clarify core principles and
computational technigues. Whether you're a student preparing for an exam or a professional refining
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your skills, this comprehensive guide aims to enhance your understanding of amplitude modulation
through practical problem-solving.

Introduction to Amplitude Modulation
Amplitude modulation is a technique used to encode information onto a high-frequency carrier wave
by varying its amplitude in proportion to the instantaneous amplitude of the message signal. It is
widely used in radio broadcasting, communication systems, and data transmission due to its
simplicity and efficiency.
The basic components of amplitude modulation include:

- Carrier wave: a high-frequency sinusoid

- Message signal (modulating signal): the information to be transmitted

- Modulated wave: the resulting wave after modulation
The main parameters involved in AM are:

- Modulation index (?): indicates the extent of modulation

- Bandwidth (BW): the frequency range occupied by the AM wave

Understanding how to compute and analyze these parameters through solved problems helps
solidify theoretical knowledge and practical skills.

Basic Concepts and Formulas in Amplitude Modulation
Before diving into solved problems, it is essential to review key formulas:

1. Modulated Wave Equation

\[

s(t) = A_c [1 +\mu m(t)] \cos(2\pi f_c t)

\

where:
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-\( A_c\): amplitude of carrier
-\(\mu \): modulation index
-\( m(t) \): message signal normalized between -1 and 1
-\(f_c\): carrier frequency
2. Modulation Index (\( \mu \))
\[
\mu = \frac{A_mHA_c}
\
where:
-\( A_m\): amplitude of message signal
-\( A_c\): amplitude of carrier signal
3. Bandwidth of AM Signal
\[
BW=2f m
\
where \( f_m\): maximum frequency component of message signal
Sample Amplitude Modulation Problems with Solutions
Problem 1: Determining the Modulation Index
Given:
- Carrier amplitude \( A_c = 10\,V )
- Message signal amplitude \( A_m = 4\,V )

Find:
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- Modulation index \(\mu \)
Solution:
Using the formula for modulation index:
\[
\mu = \frac{A_mHA _c} = \frac{4\,VH{10\,V} =0.4
\
Answer:
The modulation index \( \mu'\) is 0.4 or 40%.
Problem 2: Calculating the Bandwidth of an AM Signal

Given:

- Message signal maximum frequency \( f_m = 5\,kHz \)

Find:

- Bandwidth \( BW\)
Solution:
The bandwidth of the AM signal is:
\[
BW =2f m=2\times 5\\kHz = 10\,kHz
\
Answer:

The bandwidth required is 10 kHz.

Vol. 2026, Issue 6
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Problem 3: Find the Power of the Modulated Wave
Given:

- Carrier power \( P_c = 100\,W )

- Modulation index \(\mu = 0.6 \)

Find:

- Total power \( P_{total} \) in the AM wave

Solution:

The total power in an amplitude modulated wave is:

\[

P_{total} = P_c \left( 1 + \frac{\mu”2}{2} \right)

\

Calculating:

\[

Vol. 2026, Issue 6

P_{total} = 100 \times \left( 1 + \frac{(0.6)"2}{2} \right) = 100 \times \left(1 + \frac{0.36}{2}\right) = 100

\times (1 + 0.18) = 100 \times 1.18 = 118\\W

\

Answer:

The total power transmitted is 118 W.

Problem 4: Determining the Message Signal Amplitude

Given:
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- Carrier amplitude \( A_c =8\,V))
- Modulation index \( \mu = 0.3 )

Find:

- Message signal amplitude \( A_m\)
Solution:
Using the modulation index formula:
\[
A m=\muA c=0.3\times 8\\V =24\\V
\
Answer:

The message signal amplitude is 2.4 V.

Problem 5: Calculating the Power of the Message Signal

Given:

- Carrier power \( P_c = 50\,W)
- Modulation index \( \mu = 0.5)

- Message signal has a sinusoidal form with amplitude \( A_m\)

Find:

- Power of message signal \( P_m )
Solution:
The power of the message signal is:

\[

Vol. 2026, Issue 6
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P_m =\frac{A_m"2K2 R}
\

Assuming the load resistance \( R\) is 1 ohm for simplicity (or given as 1 ?), and using the relation
between carrier power and amplitude:

\[

P_c =\frac{A_c"2H{2 R}

\

Calculate \( A_c\):

\[

A_c =\sgrt{2 R P_c} =\sqrt{2 \times 1 \times 50} = \sqrt{100} = 10\,V
\

Now, \(A_m=\mu A c=0.5\times 10 =5\\V\)

Calculate \( P_m\):

\[

P_m =\frac{A_m"2H{2 R} = \frac{25H2 \times 1} = 12.5\\W

\

Answer:

The message signal power is 12.5 W.

Advanced Problems and Applications

Problem 6: Effect of Modulation Index on Total Power

Question:
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How does the total power in an AM wave change with increasing modulation index, and what is the
maximum modulation index before distortion occurs?

Explanation:

The total power \( P_{total} \) in an AM wave is:

\[

P_{total} = P_c \left( 1 + \frac{\mu”2}2} \right)

\

As \(\mu ) increases, the total power increases quadratically. However, the modulation index

cannot exceed 1 (or 100%) because:

- For\(\mu > 1), the wave becomes overmodulated, leading to distortion.

- Overmodulation causes the envelope to cross zero, producing distortion and sideband
suppression.
Conclusion:
Maximum modulation index is 1 (100%) to avoid distortion.
Problem 7: Practical Calculation of Modulation Index from Waveforms
Given:
A message signal varies between \( \pm 3\,V\), and the carrier amplitude is \( 10\,V\).
Find:
The modulation index.

Solution:

Since message signal amplitude varies between \(\pm 3\,V'\), the maximum message amplitude \(
A m=3\V\).

Using:
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\mu = \frac{A_m}A _c} = \frac{3\,V}{10\,V} =0.3

\

Answer:

The modulation index is 0.3 or 30%.

Tips for Solving Amplitude Modulation Problems

- Always identify the known parameters and what is required.

- Use the appropriate formulas carefully, paying attention to units.

- For power calculations, assume load resistance if not specified.

- Recognize the significance of the modulation index and its effect on bandwidth and power.
- Be cautious with overmodulation; ensure \( \mu \leq 1\).

Conclusion

Mastering amplitude modulation requires a solid understanding of the core concepts and the ability
to apply formulas accurately to solve real-world problems. The solved problems presented in this
guide cover fundamental calculations like modulation index, bandwidth, power, and their
interrelations. Regular practice with such problems enhances analytical skills and prepares you for
academic assessments and practical applications in communication technology.

By understanding these solutions, you can confidently approach more complex scenarios involving
amplitude modulation, optimize system parameters, and troubleshoot issues effectively. Keep
practicing with varied problems to deepen your mastery of amplitude modulation concepts and their
practical implications in modern communication systems.

Amplitude Modulation Solved Problems: An In-Depth Review

Amplitude Modulation (AM) remains one of the foundational techniques in analog communication
systems. Its simplicity, historical significance, and continued educational relevance make it a crucial
subject for students, engineers, and researchers alike. To facilitate a comprehensive understanding,
this article delves into amplitude modulation solved problems, providing detailed solutions,
step-by-step explanations, and insights into the underlying principles. Such an investigative
approach aims to clarify common misconceptions, reinforce core concepts, and serve as an
authoritative resource for mastering AM problem-solving skills.
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Introduction to Amplitude Modulation

Amplitude modulation involves varying the amplitude of a high-frequency carrier wave in proportion
to the instantaneous amplitude of the message signal. Mathematically, it is expressed as:

\[ s(t) = [A_c + m(t)] \cos(2\pi f_c t) \]
where:
-\( A_c)) is the amplitude of the carrier wave,
-\( m(t) \) is the message signal (baseband signal),
-\(f_c)) is the carrier frequency.
The primary objectives in solving AM problems include calculating bandwidth, modulation index,
power distribution, and spectral components. These parameters are vital for designing and
analyzing communication systems.
Fundamental Concepts in Amplitude Modulation
Before exploring solved problems, understanding core concepts is essential:
Modulation Index (\( \mu \))
Defines the extent of modulation:
\[ \mu = \frac{A_m}A c}\]
where \( A_m) is the amplitude of the message signal.
Bandwidth (BW)
For standard AM:
\[ BW =2f m ]
where \(f_m) is the maximum frequency component of the message signal.

Power Distribution

Total transmitted power:
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\[P_t=P_c (1 + \frac{\mu"2}{2}) \]
where \( P_c) is the carrier power.
Approach to Solved Problems in Amplitude Modulation

Analyzing and solving amplitude modulation problems require a systematic approach:

- Identify Given Data: Frequencies, amplitudes, power levels, etc.

- Determine Unknown Parameters: Modulation index, bandwidth, power distribution.

- Apply Relevant Formulas: Use standard AM relations.
- Perform Calculations Step-by-Step: Ensure clarity and accuracy.
- Interpret Results: Understand physical implications and practical significance.
Sample Solved Problems in Amplitude Modulation
Problem 1: Calculating Modulation Index and Bandwidth
Given:
- Message signal amplitude \(A_m=2\)V
- Carrier amplitude \( A ¢c=10\) V
- Message signal frequency \(f_m = 3\) kHz
- Carrier frequency \(f_c = 100\) kHz
Find:
a) Modulation index \( \mu \)
b) Bandwidth of the AM signal
Solution:
Step 1: Calculate modulation index \( \mu \):

\[

\mu = \frac{A_m}A_c} = \frac{2}{10} = 0.2

Vol. 2026, Issue 6
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\

Step 2: Determine bandwidth:

\[

BW = 2f m = 2 \times 3\, \text{kHz} = 6\, \text{kHz}

\

Final Answer:

- Modulation index \(\mu = 0.2)

- Bandwidth \( BW = 6\, \text{kHz} \)

Problem 2: Power Distribution in AM Transmission

Given:

- Carrier power \( P_c = 10\, \text{W}\)

- Modulation index \( \mu = 0.6 \)

Find:

a) Total transmitted power \( P_t\)

b) Power in sidebands

Solution:

Step 1: Calculate total power \( P_t\):

\[

P_t=P_c\left(1 + \frac{\mu”2}{2}\right) = 10 \times \left(1 + \frac{0.6"2}{2}\right)

\

\[

Vol. 2026, Issue 6
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P_t =10 \times \left(1 + \frac{0.36}{2}\right) = 10 \times (1 + 0.18) = 10 \times 1.18 = 11.8\, \text{W}
\

Step 2: Power in sidebands \( P_{SB} \):

\[

P {SB}=P_t-P c=11.8-10= 1.8\, \text{W}

\

Alternatively, since sideband power is distributed equally:
\[

P_{USB} = P_{LSB} = \frac{\mu”"2K4} P_c

\

Calculating:

\[

P_{USB} = P_{LSB} = \frac{0.6"2}{4} \times 10 = \frac{0.36}{4} \times 10 = 0.09 \times 10 = 0.9\,
\text{W}

\

Total sideband power:

\[

P_{SB}=P_{USB}+ P_{LSB}=0.9 + 0.9 = 1.8\, \text{W}
\

Final Answers:

- Total power \( P_t = 11.8\, \text{W}\)
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- Power in sidebands \( = 1.8\, \text{W} )
Problem 3: Spectrum Analysis ? Sidebands and Carrier Components
Given:
- Message signal \( m(t) = 5 \cos(2\pi \times 2\, \text{kHz} \times t) \)
- Carrier \( c(t) = 20 \cos(2\pi \times 100\, \text{kHz} \times t) \)
Construct the amplitude modulated signal and identify the spectral components.
Solution:
Step 1: Express the AM wave:
\[
s(t) =[A_c + m(t)] \cos(2\pi f_ct)
\
Given:
\[
A_c = 20\, \text{V}
\
\[
m(t) = 5 \cos(2\pi \times 2\, \text{kHz} \times t)
\
Thus,
\[

s(t) =[20 + 5 \cos(2\pi \times 2\, \text{kHz} \times t)] \cos(2\pi \times 100\, \text{kHz} \times t)
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Step 2: Expand the expression:
\[
s(t) = 20 \cos(2\pi f_c t) + 5\cos(2\pi f_m t) \cos(2\pi f_c t)
\
Use the product-to-sum identity:
\[
\cos A \cos B = \frac{1}{2} [\cos(A+B) + \cos(A-B)]
\
Applying this:
\[
s(t) = 20 \cos(2\pi f_c t) + \frac{5K2} [\cos 2\pi (f ¢ +f m) t +\cos 2\pi (f c-f m){]
\
Step 3: Identify spectral components:
- Carrier at frequency \( f_c = 100\, \text{kHz} \)
- Upper sideband at \(f_c +f _m = 102\, \text{kHz} \)
- Lower sideband at \(f_c - f_m = 98\, \text{kHz}\)
Final Summary:
The AM signal contains:

- A carrier component at 100 kHz with amplitude proportional to 20 V
- Sidebands at 98 kHz and 102 kHz, each with amplitude proportional to \( \frac{5}{2} \)
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Addressing Common Challenges in AM Problem Solving

While the above problems illustrate straightforward calculations, students and practitioners often
encounter challenges such as:

- Misapplication of formulas: Ensuring the correct formulas are used for specific parameters.

- Misinterpretation of spectral components: Distinguishing between the carrier and sidebands.

- Assumptions about modulation index: Recognizing limits (e.g., \(\mu \leq 1\) for standard AM).
- Unit consistency: Maintaining clarity in Hz, kHz, W, V, etc.

To mitigate these issues, it is recommended to:

- Cross-verify calculations

- Use diagrams and spectrum plots

- Keep track of units meticulously

- Practice a variety of problems to build intuition

Advanced Topics and Real-World Applications
Beyond basic problems, advanced scenarios involve:
- Suppressed carrier modulation: Where the carrier is minimized or eliminated.
- Double sideband suppressed carrier (DSB-SC): Requires different power calculations.

- Amplitude modulation in digital systems: Using AM principles in modern digital communications.

Understanding these complexities often involves solving more sophisticated problems, which build
on the foundational skills discussed herein.

Conclusion

Amplitude modulation solved problems serve as a vital educational tool, bridging theoretical
concepts with practical applications. Through detailed problem analysis and systematic solutions,
learners can develop a nuanced understanding of how modulation parameters influence system
performance. Mastery of these problems not only enhances academic achievement but also
prepares engineers to design and troubleshoot real-world communication systems effectively.

As the landscape
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QuestionAnswer What is the basic principle of amplitude modulation (AM)? Amplitude
modulation involves varying the amplitude of a high-frequency carrier wave in proportion to the
instantaneous amplitude of the message (or modulating) signal, thereby encoding the information
onto the carrier wave. How do you calculate the modulation index in an amplitude modulation
problem? The modulation index (m) is calculated using the formula m = (A_max - A_min) / (A_max +
A_min), where A_max and A_min are the maximum and minimum amplitudes of the modulated
wave. Alternatively, if the message signal amplitude and carrier amplitude are known, m =
(A_message) / (A_carrier). Given a carrier wave of 1 MHz and a message signal of 2 kHz with a
modulation index of 0.5, what is the bandwidth of the AM signal? The bandwidth (BW) of an
amplitude-modulated wave is given by BW = 2 x f_m, where f_m is the highest modulating
frequency. Therefore, BW = 2 x 2 kHz = 4 kHz. In an AM wave, if the carrier amplitude is 10 V and
the modulation index is 0.6, what is the amplitude of the modulated wave?s envelope? The
envelope amplitude A_env =A_carrierx (1 +m)=10V x (1 +0.6) =10V x 1.6 = 16 V. How do you
determine the total power of an amplitude-modulated wave given the carrier power and modulation
index? Total power P_t=P_c (1 + (m"2)/2), where P_c is the power of the unmodulated carrier
wave and m is the modulation index. This accounts for the additional sideband power introduced by
modulation.

Related keywords: AM modulation, modulation index, demodulation, carrier wave, message signal,
bandwidth, superheterodyne, envelope detection, modulation index calculation, FM vs AM
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