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In the realm of communication systems, amplitude modulation (AM) plays a
vital role in transmitting information over various mediums. One of the key
types of AM is the Double Sideband Full Carrier (DSBFC) signal, which
involves modulating a carrier wave with an information signal to produce a
composite waveform. The mathematical expression of the amplitude modulated
signal provides insights into its structure and behavior. Specifically, the
voltage amplitude of the AM signal, denoted as VAM, can be represented as a
function involving the modulating voltage Vm. This article aims to explore
the detailed representation of DSBFC signals, their mathematical formulation,
and practical implications in communication systems.

What is an Amplitude Modulated (AM) DSBFC
Signal?

Amplitude modulation is a technique where the amplitude of a high-frequency
carrier wave is varied in proportion to the instantaneous amplitude of the
baseband message signal. In the case of DSBFC, the key features include:

- Presence of a full carrier: The transmitted signal includes the carrier
wave itself.

- Double sidebands: Both the upper and lower sidebands contain the same
information.

- No suppressed carrier: Unlike other modulation types, the carrier is
transmitted along with the sidebands, making demodulation straightforward.

Mathematical Representation of an AM DSBFC
Signal

The fundamental mathematical expression for an AM DSBFC signal can be



formulated as:

Standard Equation

\ [
v_{AM}(t) = [V_c + V_m \cos(\omega m t)] \cos(\omega c t)
\1

where:

- \( V.c\) is the amplitude of the carrier wave.

- \( V.m\) is the amplitude of the message (modulating) signal.
- \( \omega c \) is the angular frequency of the carrier.

- \( \omega m \) is the angular frequency of the message signal.
-\( t\) is time.

This expression indicates that the instantaneous amplitude of the carrier
wave is varied by the message signal, resulting in the composite DSBFC
waveform.

Expressing VAM in Terms of Vm

The amplitude of the modulated voltage, VAM, can be expressed as:

\[
V {AM} =V c + V.m \cos(\omega m t)
\1]

or, in terms of the maximum and minimum envelope values:
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From this, the modulation index \( m \) is defined as:

\ [
m = \frac{V_m}{V c}
\1

which indicates the extent of modulation relative to the carrier amplitude.
The modulation index is crucial for understanding the quality of the
transmission and avoiding over-modulation.



Breaking Down the Components of the AM DSBFC
Signal

Understanding the individual parts of the AM signal helps in grasping how
information is transferred and how the signal can be demodulated at the
receiver.

The Carrier Wave

- Represents the high-frequency signal that acts as a carrier for the
information.

- Typically generated at a fixed amplitude \( V c \) and frequency \(
\omega ¢ \).

- Important for synchronization during demodulation.

The Modulating Signal

- The message or information signal, often a lower frequency audio or data
signal.

- Its amplitude \( V.m \) determines the extent of variation in the carrier's
amplitude.

- Frequency \( \omega m \) influences the bandwidth of the transmitted
signal.

The Envelope of the AM Signal

- The outer shape of the AM waveform reflects the message signal.
- The envelope can be mathematically described as:

\ [
\text{Envelope}(t) =V c + V_m \cos(\omega m t)

\1]

- This envelope is essential in demodulation techniques such as envelope
detection.

Bandwidth of the AM DSBFC Signal

Bandwidth is a key parameter in communication systems, influencing how much
data can be transmitted and how signals interfere.



- The bandwidth \( B \) of the DSBFC signal is:

\ [
B = 2 \times \text{Message bandwidth} = 2 \times f m
\1

where \( f m \) is the maximum frequency component of the message signal.

- The double sidebands occupy a frequency range from \( \omega c - \omega m
\) to \( \omega c + \omega m \).

- Implication: More complex or higher-frequency messages require wider
bandwidths.

Advantages of DSBFC Modulation

- Simple demodulation: The presence of the carrier allows straightforward
demodulation through envelope detection.

- Efficient in power usage: Transmitting the full carrier ensures the
receiver can easily synchronize.

- Robustness: Less susceptible to noise when compared to other modulation
schemes.

Disadvantages of DSBFC Modulation

- Inefficient bandwidth utilization: Contains redundant information in the
carrier.

- Power wastage: The carrier consumes significant power without conveying

information.

- Spectral inefficiency: Limits the number of channels within a frequency

spectrum.

Practical Applications of DSBFC Signals

The DSBFC modulation technique is widely used in various communication
systems:

- AM radio broadcasting: Classic AM radio transmits audio signals via DSBFC.
- Aviation communication: Reliable voice communication over long distances.

- Communication in laboratories: Used for educational purposes to demonstrate
modulation principles.

- Telemetry systems: Transmitting sensor data over radio frequencies.



Demodulation of AM DSBFC Signals

To recover the original message signal from the AM waveform, demodulation
techniques are employed.

Envelope Detection Method

- The simplest method for DSBFC signals.

- Uses a diode detector followed by a low-pass filter.

- Works effectively when the modulation index \( m \) is less than or equal
to 1.

Mathematical Basis for Envelope Detection

The demodulated signal is obtained by extracting the envelope:

\ [
V {env}(t) \approx V_c + V_m \cos(\omega m t)
\1

which directly corresponds to the original message signal.

Conclusion

Understanding the mathematical expression of an amplitude modulated (AM)
DSBFC signal, particularly how \( V_{AM} \) can be expressed in terms of \(
V.m \), provides foundational insights into analog communication systems. The
representation:

\ [
v_{AM}(t) = [V.c + V.m \cos(\omega m t)] \cos(\omega c t)
\1

captures how the message signal influences the carrier's amplitude, producing
the characteristic envelope that carries the information. The modulation
index, bandwidth considerations, and demodulation techniques are integral to
designing effective communication systems utilizing DSBFC signals. Despite
its limitations, DSBFC remains a fundamental concept in understanding
amplitude modulation and its applications across various fields.
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Demodulation

Frequently Asked Questions

What is the expression for an AM DSB-FC signal VAM
in terms of Vm?

The amplitude modulated (AM) DSB-FC signal VAM can be expressed as VAM = Vm
cos(2nfct) [1 + ka m(t)], where Vm is the maximum amplitude of the message
signal, fc is the carrier frequency, and ka m(t) is the message signal scaled
by the modulation index.

What does Vm represent in the context of AM DSB-FC
signals?

In the context of AM DSB-FC signals, Vm represents the peak amplitude of the
message (modulating) signal that modulates the carrier wave.

How 1s the modulation index (m) related to Vm in an
AM DSB-FC signal?

The modulation index m is defined as the ratio of the message signal
amplitude to the carrier amplitude, and can be expressed as m = (ka Vm) / Vc,
where Vc is the carrier amplitude.

What is the significance of the term (1 + ka m(t))
in the AM signal expression?

The term (1 + ka m(t)) represents the modulation factor, indicating how the
message signal varies the amplitude of the carrier wave, with ka being the
modulation sensitivity.

Why is Vm important in analyzing AM signals?

Vm is important because it determines the maximum amplitude of the message
signal, which influences the modulation index, the power distribution, and
the bandwidth of the AM signal.

How does varying Vm affect the bandwidth of an AM
DSB-FC signal?
Increasing Vm (or the modulation index) results in a larger sideband

amplitude, potentially increasing the occupied bandwidth, which is
approximately twice the message bandwidth.



Can Vm be directly measured from an AM DSB-FC
signal? If so, how?

Yes, Vm can be measured by analyzing the maximum amplitude of the envelope of
the AM signal, typically using an envelope detector or an oscilloscope to
observe the peak variations.

Additional Resources
In-Depth Analysis of Amplitude Modulated (AM) DSBFC Signal and VAM Expression

Introduction to Amplitude Modulation (AM)

Amplitude Modulation (AM) is one of the earliest and most fundamental
techniques in analog communication systems, playing a pivotal role in radio
broadcasting and communication systems. Its core principle involves varying
the amplitude of a high-frequency carrier wave in proportion to the
instantaneous amplitude of the message signal (or modulating signal). This
process creates an amplitude-modulated wave that carries the information.

In the context of AM, the Double Sideband Full Carrier (DSBFC) signal is a
form of modulation where both upper and lower sidebands are transmitted along
with the carrier itself, making it a complete and straightforward
representation of the message signal.

Understanding DSBFC Signal

Definition and Significance

Double Sideband Full Carrier (DSBFC) is a type of amplitude modulation where
the transmitted signal contains:

- The carrier signal at the original frequency \(f c\),

- The upper sideband (USB) at \(f c + f m\),

- The lower sideband (LSB) at \(f c - f m\),

where \(f m\) is the frequency of the message (modulating) signal.

This form preserves the original information in a straightforward manner but
at the expense of transmitting the carrier, which can be energy-inefficient.

Mathematical Expression of DSBFC Signal
The transmitted DSBFC signal, \( s(t) \), can be expressed as:

\ [
s(t) = Ac [1l+ kam(t)] \cos(2 \pi f c t)
\1



where:

- \(A c\) is the amplitude of the carrier,

- \(k_a\) 1is the amplitude sensitivity (modulation index),

- \(m(t)\) is the message signal, normalized to have a maximum amplitude of
1,

- \(f _c\) is the carrier frequency.

Expanding this expression reveals the carrier and sideband components
explicitly:

\[
s(t) = A c\cos(2 \pi fct)+Ackam(t) \cos(2 \pi f c t)
\1

which shows the carrier and the modulation component.

The VAM Expression of AM DSBFC Signal

Introduction to VAM

VAM (which may be interpreted as “Voltage Amplitude Modulation” or a specific
amplitude-related parameter) is often used in modulation theory to relate the
amplitude of the modulated signal with the message signal's amplitude and
other parameters.

The statement:
> VAM Can Be Expressed As Follows: \( V.m 2 \)

appears to be a simplified or symbolic representation, which perhaps
indicates the maximum amplitude of the modulated wave or the peak voltage of
the message signal in the context of the modulation process.

Clarification and Interpretation
Given the context, this could be interpreted as:

\ [
V {AM} =2 Vm
\1

where:

- \(V_{AM}\) is the amplitude of the amplitude-modulated wave (or a related
parameter),

- \(V.m\) is the maximum amplitude of the message signal.

This expression suggests that the maximum amplitude of the AM signal (or a
related voltage measure \(V_{AM}\)) is twice the maximum amplitude of the
message signal, linking the two quantities directly.



Deep Dive into the Components of the Expression

1. Understanding \(V_m\) (Maximum Message Signal Amplitude)

- The message signal \(m(t)\) is typically a low-frequency signal conveying
information (audio, data, etc.).

- Its amplitude, \(V_m\), is often normalized or specified as the maximum
voltage level of this message.

- The importance lies in the modulation index \(\mu\), which is given by:

\ [
\mu = \frac{V m}{V c}
\1

where \(V_c\) is the carrier amplitude.

- Ensuring \(V.m \leq V c\) is essential to avoid overmodulation, which
causes distortion.

2. Understanding \(V_{AM}\) (Amplitude of the AM Signal)
- The amplitude \(V_{AM}\) refers to the peak envelope of the modulated wave.
- In ideal conditions, the envelope of the AM wave fluctuates between:

\ [
A c (1 - \mu) \quad \text{and} \quad A c (1 + \mu)
\1]

- When the modulation index \(\mu = 1\), the envelope reaches its maximum:

\ [
V {max} = 2 V c
\]

which correlates with the earlier statement that the amplitude of the AM wave
can be expressed as twice the message amplitude under certain conditions.

Mathematical Derivation of the VAM Expression
To connect the dots, consider the following:
- The message signal amplitude is \(V_m\),

- The carrier amplitude 1is \(V_c\),

- The modulation index \(\mu =V m / V c\).

The envelope of the AM wave is:

\ [
E(t) =V c [1 + \mu \cos(2 \pi fmt)]
\1



The maximum envelope amplitude is:

\ [
V {max} =V c (1 + \mu)
\1

and the minimum envelope amplitude is:

\ [
V {min} =V c (1 - \mu)
\1]

If we consider the maximum amplitude of the overall AM wave as being twice
the message amplitude under full modulation (\(\mu = 1\)):

\ [
V {AM {max}} =2 V.m
\1]

which aligns with the statement "VAM Can Be Expressed As \(V.m 2\)".

This indicates that, in full modulation, the overall maximum amplitude of the
AM signal is twice the message's maximum amplitude, emphasizing the
proportional relationship.

Practical Implications of the VAM Expression

Modulation Index and Signal Power
- The power contained in the AM signal is given by:

\ [
P {AM} = \frac{A c”2}{2 R} (1 + \frac{\mu~2}{2})
\1

where \(R\) is the load resistance.

- As \(\mu\) approaches 1, the power increases, but overmodulation (i.e.,
\(\mu > 1\)) leads to distortion and spectral spreading.

Signal Strength and Transmission

- The relation \(V_{AM} = 2 V_m\) underscores how the maximum amplitude of
the transmitted wave relates directly to the message signal's amplitude.

- This insight assists in designing transmitters to optimize power and ensure
fidelity in signal recovery.

Sidebands and Spectral Content
Sidebands' Role:



- The upper and lower sidebands contain the actual information.

- Their amplitudes are proportional to the message signal amplitude.

- The total spectral content of the DSBFC wave includes the carrier and both
sidebands, which are symmetric around the carrier frequency.

Spectral Components:

- The spectrum contains:

- The carrier at \(f c\),

- Sidebands at \(f _c \pm f m\).

Bandwidth:
- The total bandwidth required is:

\ [
BW =2 f m
\1]

which depends directly on the message frequency and is critical for spectrum
management.

Advantages and Disadvantages of AM DSBFC

Advantages

- Simplicity in modulation and demodulation.

- Preserves the original message signal fidelity.

- Widely used in broadcast radio, aviation, and communication systems.

Disadvantages

- Inefficient in power usage due to transmitting the carrier.

- Susceptible to noise and interference.

- Requires larger bandwidth compared to other modulation schemes like SSB
(Single Sideband).

Modern Perspectives and Alternatives

While AM DSBFC remains historically significant, modern communication systems
often prefer more bandwidth-efficient and power-efficient modulation
techniques like SSB, Vestigial Sideband (VSB), or digital modulation schemes.

However, understanding the AM DSBFC and the associated voltage relationships,
such as the VAM expression, provides foundational knowledge necessary to
grasp more advanced techniques.

Conclusion

Summary:

- The AM DSBFC signal is characterized by transmitting both sidebands and the
carrier, with its mathematical form encompassing the carrier and message



signal.

- The VAM expression, indicating that the maximum amplitude of the AM wave
can be expressed as twice the message amplitude, is fundamental in
understanding the power and amplitude relationships in amplitude modulation.
- These relationships help in designing efficient transmission systems,
optimizing power, and ensuring signal integrity.

Final Remarks:

Understanding the detailed mathematical and physical principles behind AM,
DSBFC signals, and related voltage expressions like VAM is essential for
students and engineers involved in analog communications. It provides a
stepping stone toward more advanced modulation schemes and modern
communication system design.
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