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In the realm of communications engineering, understanding modulation processes is
fundamental to effectively transmitting information over various media. The given scenario
involves a high-frequency carrier wave of 75 MHz with a specific amplitude of 50 C,
modulated by an audio signal of 3 kHz frequency and 20 V amplitude. This case provides an
excellent basis for exploring amplitude modulation (AM), its parameters, and the
implications for signal transmission. In this comprehensive article, we will delve into the
details of this modulation process, examine the relevant calculations, and discuss the
practical considerations involved in such a system.

Understanding the Basic Concepts

Before analyzing the specific scenario, it's essential to review key concepts related to
amplitude modulation and radio frequency transmission.

What is Amplitude Modulation?

Amplitude modulation (AM) is a modulation technique where the amplitude of a high-
frequency carrier wave is varied in proportion to the instantaneous amplitude of an audio or
baseband signal (modulating signal). The primary purpose of AM is to encode
information—such as voice, music, or data—onto a carrier wave for transmission.

The general form of an amplitude-modulated wave can be expressed as:

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

Where:
- \( A_c \) = amplitude of the carrier wave
- \( m(t) \) = modulating signal (audio signal)
- \( f_c \) = carrier frequency

Carrier Wave Parameters

In our case:
- Carrier frequency, \( f_c = 75\, \text{MHz} \)
- Carrier amplitude, \( A_c = 50\, \text{C} \) (assuming 'C' to be volts or a related unit; for



clarity, we will treat it as volts)

The carrier wave's high frequency allows it to traverse long distances with minimal
attenuation and facilitate various types of modulation schemes.

Modulating Signal Parameters

- Audio frequency, \( f_m = 3\, \text{kHz} \)
- Modulating amplitude, \( A_m = 20\, \text{V} \)

This low-frequency signal is typical of audio signals, which are used to transmit sounds like
speech or music.

Analyzing the Modulation Process

To understand the effects and characteristics of the modulation, we need to consider
parameters such as modulation index, bandwidth, and power.

Modulation Index (\( m \))

The modulation index quantifies the extent of modulation and is given by:

\[ m = \frac{A_m}{A_c} \]

Where:
- \( A_m \) = amplitude of the modulating signal
- \( A_c \) = amplitude of the carrier wave

Using the provided values:

\[ m = \frac{20\, \text{V}}{50\, \text{V}} = 0.4 \]

This indicates a 40% modulation depth, which is within typical operational limits for AM
systems to prevent distortion and overmodulation.

Understanding the Significance of Modulation Index

- A modulation index less than 1 (100%) ensures that the transmitted signal is properly
modulated without overmodulation.
- Overmodulation (when \( m > 1 \)) leads to distortion and spectral spreading, complicating
demodulation.
- For our case, \( m = 0.4 \), which signifies a healthy modulation level.



Bandwidth of the Modulated Signal

One of the most critical parameters in AM systems is the bandwidth, which determines how
much spectrum the signal occupies and influences interference and channel capacity.

Bandwidth Calculation

According to Carson's Rule, the bandwidth \( B \) of an AM signal is:

\[ B = 2 (f_m + \Delta f) \]

Where:
- \( f_m \) = modulating frequency (3 kHz)
- \( \Delta f \) = frequency deviation, which, for AM, is approximately equal to the
modulation index times the carrier frequency deviation

Since standard AM signals centered around the carrier, the bandwidth is:

\[ B = 2 f_m \]

Given that the maximum frequency component in the audio signal is 3 kHz, the total
bandwidth is:

\[ B = 2 \times 3\, \text{kHz} = 6\, \text{kHz} \]

Thus, the modulated wave occupies a 6 kHz spectrum centered around 75 MHz, i.e., from
approximately 74.997 MHz to 75.003 MHz.

Implications for Spectrum Allocation

- The bandwidth is a small percentage (~0.008%) of the carrier frequency, reflecting the
high-frequency nature of radio transmission.
- Proper spectrum management ensures minimal interference between adjacent channels.

Power of the Modulated Signal

Power considerations are vital for transmitter design, antenna selection, and overall system
efficiency.

Transmitted Power in AM

The total transmitted power \( P_{total} \) consists of the carrier power \( P_c \) and the



sideband powers \( P_{usb} \) and \( P_{lsb} \):

\[ P_{total} = P_c + P_{usb} + P_{lsb} \]

Where:
- Carrier power:

\[ P_c = \frac{A_c^2}{2 R} \]

- Sideband power:

\[ P_{usb} = P_{lsb} = \frac{m^2 P_c}{2} \]

Assuming the load resistance \( R \) is known or normalized to 1 ohm for simplicity:

Calculations:

\[ P_c = \frac{(50\, \text{V})^2}{2 \times R} \]

If \( R = 1\, \Omega \):

\[ P_c = \frac{2500}{2} = 1250\, \text{W} \]

Sideband power:

\[ P_{usb} = P_{lsb} = \frac{(0.4)^2 \times 1250}{2} = \frac{0.16 \times 1250}{2} =
\frac{200}{2} = 100\, \text{W} \]

Total power:

\[ P_{total} = 1250 + 100 + 100 = 1450\, \text{W} \]

This simplified calculation highlights the importance of understanding power distribution in
an AM signal.

Practical Considerations

- Real-world transmitters have efficiency constraints.
- Power amplifiers need to be capable of handling peak power levels.
- Antenna design should match the power levels for optimal transmission.

Demodulation and Reception

The receiver's role is to extract the audio signal from the modulated carrier.



Demodulation Techniques

- Envelope Detection: The simplest method for AM signals, suitable for signals with
moderate modulation index.
- Product Detectors: Used for more complex modulation schemes.

Envelope Detection Process

1. The antenna captures the modulated wave.
2. A diode rectifies the signal, allowing only the positive half-cycles.
3. A low-pass filter smooths the rectified signal, recovering the original audio waveform.

Practical Applications and Examples

This type of modulation system is typical in:

- AM radio broadcasting
- Two-way radio communication
- Aviation communication systems
- Emergency broadcasting systems

Advantages of AM

- Simplicity of transmitter and receiver design
- Robustness over long distances
- Compatibility with existing broadcast infrastructure

Limitations of AM

- Susceptibility to noise and interference
- Lower spectral efficiency compared to other modulation schemes
- Larger bandwidth requirements

Conclusion

Analyzing a 75 MHz carrier with 50 V amplitude modulated by a 3 kHz audio signal with 20
V amplitude reveals essential insights into amplitude modulation's principles and practical
considerations. The modulation index of 0.4 ensures a balanced transmission that
maximizes fidelity while avoiding overmodulation. The resulting bandwidth of
approximately 6 kHz fits within standard AM broadcast specifications, and power



calculations indicate significant energy requirements for effective transmission.

Understanding the interplay of these parameters helps engineers design reliable
communication systems, optimize spectrum utilization, and enhance signal quality. As
technology advances, amplitude modulation remains a fundamental concept, underpinning
various communication applications worldwide.

---
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Frequently Asked Questions

What is the modulation index for a 75 MHz carrier
modulated with a 3 kHz audio signal of 20 V amplitude
and a 50 C amplitude?
The modulation index (m) is given by m = (Am / Ac). Since the amplitude of the audio
signal is 20 V and the carrier amplitude is 50 V, m = 20 / 50 = 0.4, or 40%.

What is the bandwidth of the AM signal in this
modulation system?
The bandwidth (BW) of an AM signal is approximately twice the modulating frequency: BW
= 2 × 3 kHz = 6 kHz.

Calculate the total power transmitted in the AM signal
with a 75 MHz carrier and 20 V audio amplitude.
The total transmitted power includes carrier and sidebands. Assuming the carrier voltage
(Vc) is proportional to 50 V, and using the formula P = (Vc^2) / (2 R), the power depends on
the load resistance. However, in typical calculations, the carrier power is proportional to
Vc^2, and sideband power depends on modulation index. Exact power requires load
impedance, but generally, the carrier power dominates.

What are the sideband frequencies in this amplitude
modulation setup?
The sidebands are located at frequencies equal to the carrier frequency plus and minus the
modulating frequency: 75 MHz ± 3 kHz, which are 75.003 MHz and 74.997 MHz.



How does the amplitude of the audio signal influence
the modulation index in this system?
The amplitude of the audio signal directly affects the modulation index; higher audio
amplitude increases the modulation index until it reaches 1 (100%), beyond which
distortion occurs.

What is the significance of the modulation index being
0.4 in this context?
A modulation index of 0.4 indicates that the amplitude variation of the carrier is 40% of its
unmodulated amplitude, which allows for efficient transmission without overmodulation,
thus avoiding distortion.

What are the potential issues if the modulation index
exceeds 1 in this system?
Exceeding a modulation index of 1 leads to overmodulation, causing distortion and
generation of unwanted sidebands, which can interfere with other communications and
reduce signal clarity.

Why is it important to control the audio signal
amplitude in amplitude modulation systems?
Controlling the audio signal amplitude ensures the modulation index remains within optimal
limits, preventing distortion and maintaining signal quality and transmission efficiency.

Additional Resources
Comprehensive Analysis of a 75 MHz Carrier Modulated with a 3 kHz Audio Signal at 20 V
Amplitude

---

Introduction

In the realm of analog communication systems, modulation techniques serve as the
backbone for transmitting information efficiently over various media. The scenario involving
a 75 MHz carrier wave with a 50°C amplitude modulated by a 3 kHz audio signal with a 20
V amplitude presents a fascinating case study. Such a setup exemplifies typical radio
frequency (RF) transmission principles, showcasing how audio signals are embedded onto
high-frequency carriers for broadcast or communication purposes. This detailed review
delves into the fundamental concepts, mathematical representations, modulation
techniques, and practical implications of this specific configuration.

---



Understanding the Core Components

1. The Carrier Wave

- Frequency: 75 MHz
The carrier operates at a high frequency within the VHF (Very High Frequency) band,
suitable for radio broadcasting, television transmission, and other RF communications.

- Amplitude: 50°C (assumed to be a typo or misstatement; likely intended as 50 V
amplitude)
The amplitude of the carrier wave determines the power level of the transmitted signal. A
value of 50 V indicates a relatively strong carrier, capable of being transmitted over
significant distances.

- Mathematical Representation:
The unmodulated carrier wave can be expressed as:
\[
c(t) = A_c \cos(2\pi f_c t)
\]
where
\(A_c = 50\,V\) (amplitude),
\(f_c = 75\,\text{MHz}\).

2. The Audio Signal

- Frequency: 3 kHz
This audio frequency is typical for voice signals, music, or other sound transmissions.

- Amplitude: 20 V
The amplitude signifies the maximum variation of the audio signal's voltage, representing
the strength of the audio input.

- Mathematical Representation:
The baseband audio signal can be expressed as:
\[
m(t) = A_m \cos(2\pi f_m t)
\]
where
\(A_m = 20\,V\),
\(f_m = 3\,\text{kHz}\).

---

Modulation Techniques and Their Relevance

1. Types of Modulation

The scenario suggests amplitude modulation (AM), given the mention of the carrier being
"modulated" with an audio signal:

- Amplitude Modulation (AM):



The most common form in broadcast radio, where the amplitude of the carrier varies
proportionally with the baseband audio signal.

- Mathematical Representation of AM:
\[
s(t) = A_c [1 + k_a m(t)] \cos(2\pi f_c t)
\]
where \(k_a\) is the modulation index, representing the extent of amplitude variation
relative to the carrier amplitude.

2. Modulation Index Calculation

The modulation index (\(\mu\)) indicates the degree of modulation:

\[
\mu = \frac{A_m}{A_c}
\]

Given:

- \(A_m = 20\,V\)
- \(A_c = 50\,V\)

Thus,

\[
\boxed{
\mu = \frac{20}{50} = 0.4
}
\]

This value (40%) indicates moderate modulation, ensuring the signal is strong enough for
effective transmission without overmodulation, which can cause distortion.

---

Signal Representation and Spectrum

1. Time-Domain Signal

The modulated signal:

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

Expanding this:

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



Applying the product-to-sum identities:

\[
s(t) = A_c \cos(2\pi f_c t) + \frac{A_c \mu}{2} \left[\cos 2\pi (f_c + f_m) t + \cos 2\pi (f_c -
f_m) t \right]
\]

This reveals that the modulated wave contains:

- The carrier component at \(f_c = 75\,\text{MHz}\),
- Two sidebands at \(f_c + f_m = 75.003\,\text{MHz}\) and \(f_c - f_m =
74.997\,\text{MHz}\).

2. Spectrum Analysis

- Carrier:
Central frequency at 75 MHz with amplitude proportional to \(A_c\).

- Upper and Lower Sidebands (USB and LSB):
Each at approximately 3 kHz away, carrying the actual audio information.

- Bandwidth:
The total bandwidth for AM is twice the modulating frequency:

\[
BW = 2f_m = 6\,\text{kHz}
\]

This bandwidth allocation is essential to prevent spectral interference and maintain signal
integrity.

---

Practical Considerations in Transmission

1. Power Calculations

The power carried by the carrier wave:

\[
P_c = \frac{A_c^2}{2 R}
\]

where \(R\) is the load resistance, typically 50 Ω in RF systems.

Assuming \(R = 50\,Ω\):

\[
P_c = \frac{(50)^2}{2 \times 50} = \frac{2500}{100} = 25\,\text{W}
\]



The transmitted power is primarily determined by the carrier amplitude, with the sidebands
carrying the actual audio information.

2. Modulation Power

The total transmitted power considering modulation:

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

With \(\mu = 0.4\):

\[
P_{total} = 25\,W \times \left(1 + \frac{0.4^2}{2}\right) = 25 \times \left(1 +
\frac{0.16}{2}\right) = 25 \times 1.08 = 27\,W
\]

indicating a modest increase over the carrier power due to modulation.

---

Signal-to-Noise Ratio and Fidelity

- Signal-to-Noise Ratio (SNR):
Higher carrier power and moderate modulation index improve SNR, leading to clearer audio
reception.

- Distortion and Overmodulation:
Since \(\mu = 0.4\) (below 1), overmodulation is avoided, preventing distortion and
sideband splatter.

- Bandwidth Efficiency:
Using a 6 kHz bandwidth for a 3 kHz signal is standard in AM broadcasting, balancing
fidelity and spectrum conservation.

---

Practical Applications and Implications

1. Radio Broadcasting

This configuration resembles standard AM radio transmission, where voice or music signals
modulate a high-frequency carrier for terrestrial broadcasting.

2. Communication Systems

Such a setup can be employed in point-to-point communication links, especially in
scenarios where AM demodulation is straightforward and cost-effective.

3. Signal Reception and Demodulation



- Detectors:
Envelope detectors or synchronous demodulators are used to recover the audio signal from
the modulated RF carrier.

- Filtering:
Bandpass filters isolate the sidebands, and low-pass filters extract the baseband audio.

4. Power Efficiency and Spectrum Management

While AM is simple to implement, it is not power-efficient compared to other modulation
schemes like FM or digital modulation techniques. Nonetheless, its simplicity makes it
favorable for certain applications.

---

Advanced Topics and Further Analysis

1. Sideband Power Distribution

- Power in sidebands:

\[
P_{SB} = P_c \times \frac{\mu^2}{2} = 25\,W \times 0.08 = 2\,W
\]

- Total power:

\[
P_{total} = P_c + P_{SB} \approx 27\,W
\]

This indicates that only a small fraction of the total power is carried by the actual audio
information.

2. Modulation Index Limitations

- To avoid overmodulation (\(\mu > 1\)), the audio amplitude should be limited or the carrier
amplitude increased.

- Excessive modulation causes distortion, spectral splatter, and interference.

3. Sideband Suppression and Suppressed Carrier Modulation

- In some systems, the carrier is suppressed to save power, leading to different modulation
schemes like SSB (Single Sideband).

---

Conclusion

The scenario involving a 75 MHz carrier with 50 V amplitude modulated by a 3 kHz audio



signal with 20 V amplitude encapsulates essential principles of amplitude modulation used
extensively in radio broadcasting and communication systems. The modulation index of 0.4
ensures a balance between signal strength and fidelity, providing effective transmission
within a 6 kHz bandwidth. Power considerations highlight the efficiency of such systems
and emphasize the importance of proper modulation depth to prevent distortion.

This setup exemplifies the practical application of RF modulation theory, spectrum analysis,
and power management, illustrating how audio signals can be effectively embedded onto
high-frequency carriers for reliable and intellig
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