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Amplitude modulation circuit using transistor is a fundamental concept in analog communication
systems, enabling the transmission of information over radio frequencies. Transistors, as active
electronic components, serve as the core building blocks for designing efficient and reliable
amplitude modulators. This article explores the principles, design considerations, and practical
implementation of amplitude modulation circuits using transistors, providing a comprehensive guide
for students, engineers, and hobbyists interested in analog communication.

Understanding Amplitude Modulation (AM)

What is Amplitude Modulation?

Amplitude Modulation (AM) is a technique where the amplitude of a high-frequency carrier signal is
varied in proportion to the instantaneous amplitude of a message (or baseband) signal. This method
allows the transmission of audio, video, or data signals over long distances via radio waves.

Importance of AM in Communication

- Simple to implement and understand
- Widely used in radio broadcasting
- Compatible with existing analog radio receivers
- Cost-effective for transmission and reception

Basic Components of an AM System

- Carrier Signal: High-frequency signal that carries the information
- Message Signal: The information (audio, data) to be transmitted
- Modulator: The circuit that combines the carrier and message signals to produce the AM signal

Role of Transistors in Amplitude Modulation Circuits

Why Use Transistors?

Transistors are semiconductor devices capable of amplifying electrical signals. In AM circuits, they
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serve as:

- Amplifiers: To boost the message signal
- Switching Elements: To control the amplitude variation
- Modulation Devices: To combine signals efficiently

Advantages of Using Transistors in AM Circuits

- Compact size
- High gain
- Low power consumption
- Ease of control and integration into complex circuits

Designing a Basic Amplitude Modulation Circuit Using Transistor

Block Diagram Overview

A typical transistor-based AM circuit comprises:

- Carrier Generator: Produces a high-frequency carrier waveform
- Message Signal Source: Provides the baseband information
- Modulator Stage: Uses a transistor to modulate the carrier with the message
- Output Filter: Removes unwanted frequencies, leaving the AM signal

Components Required

- Transistor (e.g., NPN BJT like 2N3904 or 2N2222)
- Oscillator circuit for carrier generation
- Microphone or signal generator for message input
- Biasing network components (resistors, capacitors)
- Coupling and bypass capacitors
- Power supply (e.g., DC source)

Step-by-Step Circuit Construction

- Carrier Signal Generation: Use a crystal oscillator or LC oscillator circuit to produce a stable
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high-frequency carrier.
- Message Signal Input: Connect the audio source (microphone or pre-recorded signal) to the

base of the transistor through a coupling capacitor.
- Biasing the Transistor: Proper biasing ensures the transistor operates in its linear region,

facilitating accurate modulation. Use biasing resistors and a voltage divider network.
- Modulation Process: The message signal influences the transistor's collector current, which

varies the amplitude of the carrier waveform.
- Output Filtering: Use a tuned tank circuit or RC filter to extract the AM signal from the

transistor output, removing unwanted frequencies.

Basic Circuit Diagram Description

While an actual schematic is beyond this text format, the typical setup includes:

- An NPN transistor with collector connected to the power supply through a load resistor
- Emitter grounded
- Base connected to the message signal through a coupling capacitor and biasing resistors
- Collector connected to the carrier oscillator signal
- Output taken across the collector load resistor, passing through a filter

Working Principle of the Transistor AM Circuit

How Modulation Occurs

- The carrier signal provides a high-frequency oscillation.
- The message signal, applied to the base, causes variations in the transistor's collector current.
- These variations modulate the amplitude of the carrier wave.
- The combined signal at the collector contains the carrier, message, and sidebands (upper and

lower).

Mathematical Representation

The modulated wave can be expressed as:

\[ s(t) = [A_c + A_m \times m(t)] \times \cos(2\pi f_c t) \]

where:

Published by: hatchedtalent.com Page 3 of 26



amplitude modulation circuit using transistor Manual Vol. 2021, Issue 10

- \(A_c\) = amplitude of the carrier
- \(A_m\) = amplitude of the message signal
- \(m(t)\) = message signal (normalized)
- \(f_c\) = carrier frequency

In the transistor circuit, the transistor acts as a controlled current source, varying the amplitude of
the carrier based on the input message.

Advantages and Limitations of Transistor-Based AM Circuits

Advantages

- High gain and amplification capabilities
- Compact and lightweight design
- Cost-effective for mass production
- Easy to control and modify

Limitations

- Non-linear distortion if not properly biased
- Limited bandwidth compared to modern digital modulation techniques
- Susceptibility to noise and interference
- Requires careful component selection and tuning

Practical Tips for Building a Transistor AM Modulator

Component Selection

- Use transistors with high linearity and gain (e.g., 2N3904, 2N2222)
- Choose capacitors with appropriate voltage ratings and low ESR
- Select resistors to set proper biasing and gain levels
- Use a stable oscillator circuit for carrier generation

Biasing and Tuning

- Proper biasing ensures linear operation
- Adjust load and biasing resistors for optimal modulation depth

Published by: hatchedtalent.com Page 4 of 26



amplitude modulation circuit using transistor Manual Vol. 2021, Issue 10

- Fine-tune the carrier frequency using the tank circuit or LC resonant circuit

Testing and Measurement

- Use an oscilloscope to observe the modulated wave
- Use a spectrum analyzer to verify sidebands and bandwidth
- Adjust components to maximize modulation index without distortion

Applications of Transistor-Based Amplitude Modulation Circuits

- AM Radio Transmitters and Receivers
- Wireless Audio Transmission
- Educational Demonstrations and Experiments
- Low-power Communication Devices
- Amateur Radio Projects

Conclusion

A well-designed amplitude modulation circuit using transistors offers a practical and educational
approach to understanding analog modulation techniques. By leveraging the amplification and
switching capabilities of transistors, engineers and hobbyists can create effective AM transmitters
suitable for various applications. Proper biasing, component selection, and tuning are critical to
achieving high-quality modulation with minimal distortion. As communication technology evolves,
understanding foundational circuits like transistor-based AM modulators remains essential for
grasping the principles underlying modern analog and digital communication systems.

Keywords: amplitude modulation circuit using transistor, transistor AM modulator, analog
communication, AM transmitter, transistor oscillator, modulation circuit design
 
Amplitude Modulation Circuit Using Transistor: A Comprehensive Guide

Amplitude modulation (AM) has long been a fundamental technique in communication systems,
allowing the transmission of information over radio frequencies by varying the amplitude of a carrier
wave in accordance with an input message signal. Among various methods to implement AM, using
transistors offers an accessible, cost-effective, and reliable approach suitable for both educational
and practical applications. In this guide, we delve into the intricacies of amplitude modulation circuit
using transistor, exploring its working principles, design considerations, and implementation steps to
help enthusiasts and engineers develop their own AM transmitter circuits.
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Understanding Amplitude Modulation and Transistor Basics

Before jumping into the circuit design, it?s essential to understand the core concepts involved.

What is Amplitude Modulation?

Amplitude Modulation involves varying the amplitude of a high-frequency carrier wave in line with
the instantaneous amplitude of a lower-frequency message signal (audio, data, etc.). The primary
objective is to encode information onto a radio frequency carrier for transmission over distances.

Why Use Transistors for AM Circuits?

Transistors are versatile, compact, and efficient active components that can amplify signals and
serve as switching elements. Their ability to modulate signals directly makes them suitable for AM
circuit design, especially in simple, low-power applications.

Fundamental Principles of AM Using Transistors

In transistor-based AM circuits, the key idea is to combine the message signal with the carrier
voltage in such a way that the transistor's output voltage varies in amplitude with the message,
producing a modulated RF signal.

How Does a Transistor Facilitate Modulation?

- Amplification: Transistors can amplify the message signal and carrier.
- Mixing: By controlling the biasing and input signals, the transistor can effectively 'mix' the

message with the carrier.
- Switching: When operated in the nonlinear region, transistor behavior creates amplitude

variations suitable for AM.

Types of Transistor Configurations for AM

- Common Emitter (CE): Most commonly used due to high gain.
- Common Base (CB): Less common, but useful in certain RF applications.
- Common Collector (CC): Known as emitter follower, useful for buffering.

For simplicity and effectiveness, the common emitter configuration is typically employed in AM
transmitters.
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Designing an Amplitude Modulation Circuit Using Transistor

Building an AM circuit involves several key components and stages:

- Carrier Generator

Creates a high-frequency RF signal, usually with a crystal oscillator or RF signal generator.

- Message Signal Source

Provides the baseband audio or data signal to be transmitted.

- Modulation Stage (Transistor-based)

Combines the carrier and message signals to produce the amplitude-modulated output.

- Output Filter and Power Amplifier

Ensures the transmitted signal is within desired frequency and power levels.

Step-by-Step Guide to Building a Transistor-based AM Circuit

Step 1: Setting Up the Carrier Oscillator

- Use an oscillator circuit (e.g., Colpitts or Hartley) to generate a stable RF carrier.
- The frequency depends on the application; typical AM broadcast frequencies are in the 530 kHz

to 1700 kHz range.

Step 2: Preparing the Message Signal

- Typically an audio signal (like from a microphone or audio device).
- Amplify the message to suitable levels for modulation.

Step 3: Combining the Signals
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- Use a modulation mixer stage, which can be implemented with a transistor.
- The message signal is fed into the base or emitter of the transistor, along with the RF carrier

signal.

Step 4: Transistor Modulation Circuit

A common approach involves biasing a transistor in its nonlinear region so that the combined input
signals produce an amplitude-varying output. Here?s a simplified circuit approach:

- Components Needed:
- NPN Transistor (e.g., 2N3904 or 2N2222)
- RF carrier source
- Audio/message input
- Biasing resistors
- Coupling capacitors
- Power supply (+12V typical)
- Output filter network

- Basic Circuit Description:
- The RF carrier is applied via a coupling capacitor into the transistor?s collector or base.
- The message signal modulates the biasing or base-emitter voltage, causing the transistor's

collector current to vary in amplitude.
- The collector's output, after passing through an RF tank circuit or filter, produces the AM signal.

Step 5: Filtering and Transmission

- Use tuned circuits (LC tanks) to select the carrier frequency and filter out unwanted signals.
- Amplify the modulated RF signal as needed for transmission.
- Connect the output to an antenna for broadcasting.

Critical Design Considerations

When designing an amplitude modulation circuit using a transistor, pay attention to the following:

Biasing

- Proper biasing ensures the transistor operates in the active region suitable for modulation.
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- Over-biasing or under-biasing can distort the modulation process.

Modulation Index

- The extent of modulation (how much the amplitude varies) depends on the message signal
amplitude relative to the carrier.

- Typically, a modulation index up to 100% (ratio of message amplitude to carrier amplitude) is
desirable for efficient transmission.

Linearity

- Ensure the transistor operates linearly for the message signal to prevent distortion.
- Nonlinear operation introduces distortion and unwanted sidebands.

Power Handling

- Select transistors capable of handling the output power level.
- Consider heat dissipation and use appropriate heat sinks.

Filtering

- Use bandpass filters to clean the transmitted signal.
- Avoid unwanted sidebands and spurious emissions.

Practical Example: Simple AM Transmitter Circuit Using Transistor

Here's a conceptual outline of a simple AM transmitter:

- Carrier Oscillator: 1 MHz crystal oscillator feeding into the base via coupling capacitor.
- Modulation: Audio input (from microphone) connected through a resistor and coupling capacitor

into the base of a transistor biased in its active region.
- Transistor: 2N2222 NPN transistor, configured in common emitter.
- Tank Circuit: LC circuit tuned to 1 MHz connected at the collector to filter the RF signal.
- Output: The collector output, after filtering, is connected to an antenna.

This basic setup produces an amplitude-modulated RF signal that can be transmitted over short
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distances.

Testing and Troubleshooting

- Check Power Supplies: Ensure the biasing voltages are correct.
- Verify Signal Levels: Use an oscilloscope to observe the carrier, message, and modulated

signals.
- Adjust Biasing and Coupling: Fine-tune resistor values for proper modulation depth.
- Use a Spectrum Analyzer: Confirm the presence of sidebands at the correct frequencies.

Final Remarks

Designing an amplitude modulation circuit using transistor combines fundamental RF engineering
principles with practical electronics skills. While simple circuits serve educational purposes, more
advanced designs incorporate feedback, stabilization, and efficient power amplification for real-world
broadcasting. Always remember to comply with local regulations concerning RF transmission and
licensing.

By understanding the core concepts outlined here and carefully selecting components, you can
create effective AM transmitters suitable for experiments, educational demonstrations, or hobbyist
projects. With practice and innovation, transistor-based AM circuits remain a vital part of analog
communication technology.
 

 QuestionAnswer What are the main components of a transistor-based amplitude modulation
(AM) circuit? The main components include a transistor (usually a BJT), a carrier oscillator circuit, a
modulating signal input, biasing circuitry, and an output filter to extract the AM signal. How does a
transistor function in an amplitude modulation circuit? The transistor acts as a variable amplifier,
where the modulating signal varies the amplitude of the carrier signal by controlling the conduction,
thus producing an AM signal. What are the advantages of using a transistor for AM modulation?
Transistor-based AM circuits are simple, cost-effective, highly reliable, and can be easily integrated
into small-sized devices, making them suitable for practical applications. What are common
challenges faced when designing a transistor-based AM circuit? Challenges include linear
modulation to prevent distortion, proper biasing of the transistor, maintaining signal integrity, and
minimizing unwanted noise and interference. How can the quality of the AM signal be improved in a
transistor modulation circuit? Improvement can be achieved by ensuring proper biasing, using
high-quality components, employing filtering to remove unwanted sidebands, and carefully
controlling the modulation index. Can you explain the importance of the modulation index in a
transistor AM circuit? The modulation index determines the extent of amplitude variation of the
carrier wave; controlling it is essential for achieving desired modulation depth without distortion or
overmodulation. 
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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 techniques. Whether you're a student preparing for an exam or a professional refining
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
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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:

- \( A_c \): 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_m}{A_c}

\]

where:

- \( A_m \): amplitude of message signal
- \( A_c \): amplitude of carrier signal

3. Bandwidth of AM Signal

\[
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BW = 2 f_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:

- Modulation index \( \mu \)

Solution:

Using the formula for modulation index:

\[

\mu = \frac{A_m}{A_c} = \frac{4\,V}{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 \( f_m = 5\,kHz \)
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Find:

- Bandwidth \( BW \)

Solution:

The bandwidth of the AM signal is:

\[

BW = 2 f_m = 2 \times 5\,kHz = 10\,kHz

\]

Answer:

The bandwidth required is 10 kHz.

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)

\]
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Calculating:

\[

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:

- 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 = \mu A_c = 0.3 \times 8\,V = 2.4\,V

\]

Answer:

The message signal amplitude is 2.4 V.

Problem 5: Calculating the Power of the Message Signal
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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:

\[

P_m = \frac{A_m^2}{2 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^2}{2 R}

\]

Calculate \( A_c \):

\[

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

\]

Now, \( A_m = \mu A_c = 0.5 \times 10 = 5\,V \)
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Calculate \( P_m \):

\[

P_m = \frac{A_m^2}{2 R} = \frac{25}{2 \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:

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:
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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:

\[

\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
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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.

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:
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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:

\[ P_t = P_c (1 + \frac{\mu^2}{2}) \]

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:
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- 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

\]

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

\]

\[

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^2}{4} P_c

\]

Calculating:
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\[

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 \( P_t = 11.8\, \text{W} \)
- 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_c t)

\]

Published by: hatchedtalent.com Page 23 of 26



amplitude modulation circuit using transistor Manual Vol. 2021, Issue 10

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)

\]

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:

\[
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s(t) = 20 \cos(2\pi f_c t) + \frac{5}{2} [\cos 2\pi (f_c + f_m) t + \cos 2\pi (f_c - f_m) t]

\]

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 \( \frac{5}{2} \)

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:
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- 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
 

 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 × f_m, where f_m is the highest modulating
frequency. Therefore, BW = 2 × 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_carrier × (1 + m) = 10 V × (1 + 0.6) = 10 V × 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. 
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