
Frequency-shifting / modulation
The frequency-shifting / modulation property is one of the most important Fourier transform properties as modulation is thebasic operation that underlies all communication systems such as Amplitude Modulation (AM) and Frequency Modulation (FM).
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Continuous Wave (CW) Modulation
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Continuous Wave (CW) Modulation
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Basic Principles of Amplitude Modulation
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Equivalently, phase is the time integral of frequency.



Basic Principles of Amplitude Modulation
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Amplitude Modulation (AM) is the process of changing the amplitude of a relatively high frequency carrier signal in proportion with theinstantaneous value of the modulating signal. High frequency carrier signal is also termed the radio-frequency (RF) signal because it is at ahigh-enough frequency to be transmitted through free space as a radio wave. Low frequency information signal is also term such asmodulating signal, intelligence or baseband signal.
Types of Amplitude Modulation (AM)
AM is itself divided into different types:1. Double Sideband with carrier (we will call it AM or (DSB-FC) ).
This is the most widely used type of AM modulation. In fact, all radio channels in the
AM band use this type of modulation.
2. Double Sideband Suppressed Carrier ( DSB-SC ).
This is the same as the AM modulation above but without the carrier.
3. Single Sideband (SSB).
In this modulation, only half of the signal of the DSBSC is used.
4. Vestigial Sideband (VSB).
This is a modification of the SSB to ease the generation and reception of the signal.



AM DSB-SC Modulation
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AM is characterized by the fact that the amplitude A of the carrier is varied in proportion to thebaseband (message) signal m(t), the modulating signal. The frequency and the phase are constant. We can assume θ = 0without a loss of generality. Then the modulated signal is given by

This type of modulation simply shifts the spectrum of m(t) to the left and the right of the carrier frequency .
Note that the modulated signal spectrum centred at fc is composed of two parts: a portion that lies above fc known as theupper sideband (USB), and a portion that lies below fc , known as the lower sideband (LSB). Similarly, the spectrum centredat -fc has upper and lower sidebands. Hence, this is a modulation scheme with double sidebands.
It can be seen that the modulated signal in this scheme does not contain a discrete component of the carrier frequency .For this reason it is called double sideband suppressed carrier (DSB-SC) modulation.



AM DSB-SC Modulation
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AM Demodulation: Synchronous or Coherent detection
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• Finding the Fourier transform of the signal z(t)
𝒁 𝒇 = 1

2
 𝑋 𝑓 + 1

4
[X(f + 2𝑓𝑐) + X(f−2𝑓𝑐)]

 Signal z(t) consists of two components (1/2)x(t) and (1/2) x(t)cos(2𝑤𝑐t), with their nonoverlapping spectra.
 The spectrum of the second component, being a modulated signal with carrier frequency 2fc, is centred at ±2fc and

this component is suppressed by low-pass filter.

 On the other hand, the desired component (1/2)X(f), being a low-pass spectrum (centred at f = 0) passes through the
filter unharmed, resulting in (½)x(t). You can get rid of the inconvenient fraction ½ in the output by using a carrier 2cos(𝑤𝑐t) instead of cos(𝑤𝑐t).

Synchronous or Coherent detection
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AM DSB-SC Demodulation
Low-pass filter – low frequencies are passed, high frequencies are attenuated.

High-pass filter – high frequencies are passed, low frequencies are attenuated.

Band-pass filter – only frequencies in a frequency band are passed.



AM DSB-SC Demodulation:
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The DSB-SC modulation translates the frequency spectrum to the left and the right by fc(that is, at +fc and -fc ). To recover theoriginal signal m(t) from the modulated signal, it is necessary to retranslate the spectrum to its original position. Thedemodulation consists of multiplication of the incoming modulated signal by a Cos ω𝒄𝒕 followed by a low pass filter.

Note :cos2(x) = 1/2 + 1/2 cos(2x)
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AM DSB-SC Demodulation:
The demodulation process of a DSBSC signal involves obtaining the original information signal or scaled version of it from themodulated signal. This can be done by multiplying the modulated signal with another carrier signal that has EXACTLY thesame frequency and phase as the carrier signal in the modulator block. The amplitude of the two carrier signals in themodulator and demodulator are not important since they just affect the magnitude of the different intermediate signals andfinal output signal of the demodulator.
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AM DSB-SC Modulation and Demodulation:
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AM DSB-SC Modulation and Demodulation:
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AM DSB-SC Modulation and Demodulation:

Solution
𝜑𝐷𝑆𝐵−𝑆𝐶 𝑡 = 𝑚 𝑡  𝑐(𝑡)
𝜑𝐷𝑆𝐵−𝑆𝐶 𝑡 = [2 𝐜𝐨𝐬 (1000𝜋𝑡) + 𝐜𝐨𝐬 2000𝜋𝑡 ] (10𝐜𝐨 𝐬 105𝜋𝑡 )
𝜑𝐷𝑆𝐵−𝑆𝐶 𝑡 = [20 𝐜𝐨𝐬 103𝜋𝑡 𝐜𝐨 𝐬 105𝜋𝑡 + 10 𝐜𝐨𝐬 2000𝜋𝑡 𝐜𝐨 𝐬 105𝜋𝑡 ] 

The upper sideband term:

Note : When the modulating signal is a pure sinusoid or tone, cos (2π 𝑓𝑚 t), the modulation is called tone modulation.

Note : cos(x)cos(y)= 0.5  [cos(x−y)+cos(x+y)]



AM DSB-SC
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Power  Φ2 𝑡    =     1
2
𝐴2𝑐 𝑚2 𝑡   

𝜂 =
𝑚2 𝑡
𝑚2 𝑡

× 100 = 100%

Disadvantages of DSBSC:• Less information about the carrier will be delivered to the receiver.• Needs a coherent carrier detector at receiver

Power Efficiency (𝜂) is Defined as the percentage of the total power of the modulated signal that conveys information tothe total power = Signal Power/Total Power . The total power is the sum of the carrier power and the sideband power, i.e.The ratio of total sideband power to total input power gives the maximum transmission power efficiency.

Power of DSBSC is the sum of powers of the USB and the LSB components. 𝑃𝑇 = 𝑃USB + 𝑃LSB


