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Example: For a baseband signal m(t) = a cos( 𝑤𝑚 t) = a cos (2π 𝑓𝑚 t).
1- Find the DSB-SC signal, and sketch its spectrum. Identify the upper and lower sidebands (USB and LSB). Verify that the
DSB-SC modulated signal can be demodulated by the synchronous detection or coherent detection).

AM DSB-SC

Solution The spectrum of the baseband signal m(t) = a cos( 𝑤𝑚 t) = a cos (2π 𝑓𝑚 t) is given by
𝑀 𝜔 =𝓕[𝑚(𝑡)] = 𝑎𝜋[𝛿 𝜔−𝜔𝑚 + 𝛿 𝜔−𝜔𝑚  𝑂𝑟

 
 

𝑀 𝑓 =𝓕[𝑚(𝑡)] = 𝑎
2
 [𝛿 𝑓−𝑓𝑚 + 𝛿 𝑓 + 𝑓𝑚 ]  
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AM DSB-SC

The lower and upper sideband of u(t) is the signal

(a) The (magnitude) spectrum of a AM DSB-SC signal for a sinusoidal message signal and(b) its lower sideband(c) upper sidebands.
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AM DSB-SC
2- Determine the power in the modulated signal, and the power in each of the sidebands.

Using Parseval’s Relation



Amplitude Modulation (AM): Double-sideband large (Full) Carrier
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❑   Modulated waveforms with suppressed carrier terms require fairly complex circuitry at the receiver to acquire
phase synchronization, i.e., coherent detection, which makes the receivers expensive to manufacture.

❑ In applications where we have one or few transmitters and a much larger number of receivers (e.g. AM/FM
radio broadcasting) it makes economic sense that the receivers are as simple as possible.

❑ To facilitate simple demodulation we consider the idea of transmitting a separate carrier term in the same
frequency band as a DSB-SC amplitude modulated signal.



AM-DSB-LC or AM-DSB-FC
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Let’s consider amplitude modulation signals of the form: φDSB-SC + carrier



AM Frequency Spectrum and Bandwidth
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AM Frequency Spectrum and Bandwidth
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Example:



AM Frequency Spectrum and Bandwidth
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Example: For an AM DSBFC modulator with a carrier frequency,100 kHz and a maximum modulating signal frequency 5 kHz,
find
a. Frequency limit for upper and lower sideband.
b. Bandwidth.
c). Upper and lower side frequencies produced when the modulating signal is a single-frequency 3 KHz tone.
d. Draw the output frequency spectrum.

Solution : 𝑓𝑐 = 1𝑜𝑜 𝐾𝐻𝑧; 𝑓𝑚(𝑚𝑎𝑥) = 5𝐾𝐻𝑧
a. LSF= 𝑓𝑐−𝑓𝑚(𝑚𝑎𝑥) = 100−5 = 95𝐾𝐻𝑧 :limits from 95 to 100 KHz
USF= 𝑓𝑐 + 𝑓𝑚(𝑚𝑎𝑥) = 100 + 5 = 105𝐾𝐻𝑧 :limits from 100 KHz to 105 KHz
𝒃. 𝑩 = 𝟐𝑓𝑚(𝑚𝑎𝑥) = 10𝐾𝐻𝑧
c. LSF= 𝑓𝑐−𝑓𝑚(𝑚𝑎𝑥) = 100−3 = 97𝐾𝐻𝑧 and USF= 𝑓𝑐−𝑓𝑚(𝑚𝑎𝑥) = 100 + 3 = 103𝐾𝐻𝑧



AM- DSB-FC - Demodulation
Two cases are considered
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In first case (left side) , the envelope has the same shape as m(t)In the second case, the envelope shape is not same as m(t)because some parts get rectified.
This means we can detect the desired signal m(t) by detectingthe envelope in the first case. Such detection is not possible inthe second case.
We shall see that the envelope detection is an extremely simpleand inexpensive operation, which does not require generation ofa local carrier for the demodulation. But as seen above theenvelope of AM has the information about m(t) only if the AMsignal [Ac +m(t)] cos(ωct) satisfies the condition 𝑨𝒄+ m(t) > 0for all t.



AM Demodulation
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Let𝒎𝒑 be the peak amplitude (positive or negative) of m(t). This means that , Hence,
Thus, the minimum carrier amplitude required for the viability of envelope detection is𝒎𝒑

𝑴𝒂𝒙  𝒎 𝒕 =𝒎𝒑 𝑨𝒄  ≥  𝒎𝒑



AM Frequency Spectrum and Bandwidth
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AM Frequency Spectrum and Bandwidth
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An envelope detector consists of a diode and an RC circuit, which is a simple lowpass filter. During the positive half-cycle of the
input signal, the diode conducts, and the capacitor charges up to the peak value of the input signal. When the input falls below the
voltage on the capacitor, the diode becomes reverse-biased and the input disconnects from the output. During this period, the
capacitor discharges slowly through the resistor R. On the next cycle of the carrier, the diode again conducts when the input
signal exceeds the voltage across the capacitor



AMModulation Index
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In addition, we can define the percentage Modulation as 

P𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝑴𝒐𝒅𝒖𝒍𝒂𝒕𝒊𝒐𝒏 = 𝝁 × 𝟏𝟎𝟎%
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Modulation index for complex information signal
• When several frequencies simultaneously amplitude modulate a carrier, the combined coefficient of

modulation is defined as:

𝝁𝑻𝒐𝒕𝒂𝒍 = (𝝁𝟏)𝟐 + (𝝁𝟐)𝟐 + (𝝁𝟑)𝟐 +….(𝝁𝒏)𝟐

𝝁𝑻𝒐𝒕𝒂𝒍= Total modulation index/coefficient of modulation
𝝁𝟏, 𝝁𝟐, 𝝁𝟑, 𝝁𝒏= modulation index/coefficient of modulation for input 1, 2 ,3 , n

Modulation Index

Example : A carrier is simultaneously modulated by two sine waves having modulation indices of 0.4 and 0.3. Find the totalmodulation index ?
Solution:

𝝁𝑻𝒐𝒕𝒂𝒍 = (𝝁𝟏)𝟐 + (𝝁𝟐)𝟐  = (𝟎.𝟑)𝟐 + (𝟎.𝟒)𝟐 = 𝟎.𝟓



Single Tone Modulation - Example
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