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Introduction
This report will cover a range of research and experiments related to analog communication, specifically amplitude modulation, looking into different methods and analysing related research papers. It then covers a variation of simulations on MATLAB Simulink to look into AM, DSB-SC and SSB-SC. Finally, it will close off with a comparison between the results and a conclusion of where each method would be best to use.
Background research
[1] [2]Modulation is a process where the properties of a high frequency sinusoidal carrier are varied in accordance with a lower frequency message signal to transmit information. 
[3] [4]The properties that can be varied are Frequency, Amplitude and phase, making up FM, AM and PM (Frequency modulation, Amplitude modulation and Phase modulation). There are two classifications of modulation, which include Analogue and Digital. Digital is when the transmitted signal is discrete, whereas Analogue modulation is when the transmitted signal is continuous. Analogue can be further expanded into Linear and angle modulation. Amplitude modulation is a form of Linear modulation, where amplitude of the carrier is varied according to the modulating signal. AM is still used in very high frequency (VHF) aircraft radio, portable two-way radio and citizens band radio.
[image: Balanced modulator]AM is when the amplitude of the carrier is varied according to the transmitted message signal, removing this carrier leaves only the upper and lower sidebands, which is known as DSB-SC (Double-sideband supressed-carrier). This has a lower power consumption, but more complex detection is required at the receiver. The block diagram for a DSB-SC balanced modulator can be seen below.
	      [5]Figure 1 – DSB-SC balanced modulator block diagram
Only transmitting one of the sidebands is known as SSB-SC (Single-sideband supressed-carrier), which needs half the bandwidth and power compared to DSB-SC. SSB generation through the phase-shift method can be shown as a block diagram, shown in figure 1 below.
[image: A diagram of a mathematical equation

AI-generated content may be incorrect.]		        [6]Figure 2 – SSB-SC Generation block diagram
[7]DSB-SC and SSB-SC are efficient techniques since they remove the carrier or a sideband, however AM keeps the carrier for simple detection and demodulation. Furthermore, AM has a modulation index, which defines how strongly a carrier is varied. The modulation index is made up of the Message and Carrier amplitudes:

Depending on the modulation index, the system can operate in under-modulation, critical modulation or over-modulation, which affects whether distortion occurs in the transmitted waveform. 
[3]Under modulation occurs when the maximum amplitude of the message is less than the carrier signal, , or the modulation index is less than 1 (). 
[image: ]         [3]Figure 3 – Under Modulation
[image: ]Critical modulation occurs when the maximum amplitude of the message is equal to that of the carrier signal, , or the modulation index is equal to 1 ().
         [3]Figure 4 – Critical Modulation
[image: ]Over modulation occurs when the maximum amplitude of the message signal is greater than the carrier signal, , or the modulation index is greater than 1   ().
      [3]Figure 5 – Over Modulation
[8] [9]Once the transmitted signal has been received, it needs to be demodulated. This requires extracting the original message out from a modulated carrier. Some techniques also help filter out noise and enable digital communication by converting the modulated signal back into binary. There are disadvantages, such as complex circuitry being required for some techniques, and potential signal loss during demodulation 
[10]Signal to noise ratio is another key point of RF systems, used to define the sensitivity performance of the system. It is the difference between the signal and noise level for a given signal, and the lower the noise, the better the SNR.
Literature review
[11] [3]The Optic Communications journal contains new results in various fields of optics, with researcher investigating the properties of the DSB-SC method for distributing microwave frequency standards over long distances. The paper covers how DSB-SC improves the fractional stability and phase noise, meanwhile  removing the need for dispersion compensation at the receiver, reducing the cost and reducing the cost of expensive high bandwidth optoelectronic components. These benefits show the advantages of a supressed carrier compared to AM, which has a constant carrier power, that can introduce noise and distortion, effecting frequency stability. The study also proves the practical use of DSB-SC in real world applications compared to just being a textbook concept.
[6]A graphical analysis of single sideband modulation was conducted to help to understand and visualise SSB-SC modulation. It  covers the basic overview of SSB-SC, and a block diagram of phase-shifted SSB-SC modulation. The paper presents a newer way to graphically analyse SSB signals in the frequency-domain, helping deepen the understanding of SSB-SC. 
Further research to simulate using SSB-SC for long distance optical communication systems has been done, with the researchers reporting on the Radio over Fibre (RoF) SSB-SC modulation scheme. This is based on a DP-DDMZM (Dual Parallel Dual Drive Mach-Zehnder Modulator) for long distance transmission. The system that was proposed consists of a message and carrier signal at two parallel modulators. They found that by supressing the carrier and cancelling one sideband, they were able to limit the nonlinear effects, which are caused by interference and power fading. The carrier suppression and sideband cancellation also impacted key system metrics, such as Signal to noise ratio (SNR) and Q factor.
Task 1 – Amplitude Modulation
Modulated AM Circuit design
This section of the report will focus on investigating amplitude modulation and the effect of varying the modulation index. The circuit in Figure 6 is to simulate the AM. There is a message and carrier signals with respect to time, labelled m(t) and c(t), with the mathematical expressions:


The angular frequency is set to   for the message, and  for the carrier (10Hz and 100Hz). The modulation index was set dependant on the last digit of the authors student number, which is an 8. This meant a modulation index of 0.8 was used. Since the modulation index, , and the amplitude of the message signal was set to 1, the amplitude of the carrier had to be 1.25. The message is scaled by the modulation index to set the depth of modulation, before adding the DC offset of 1. This process creates the AM envelope , which is mixed with the carrier to produce [image: A diagram of a computer flowchart

AI-generated content may be incorrect.]the amplitude modulated wave, with the equation 
Figure 6 – AM Circuit on simulink















Results for Modulated AM circuit 
Below are the results for the AM circuit, simulated in Simulink. For the graphs of each result broken down, see Appendix A.
[image: A screenshot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer screen

AI-generated content may be incorrect.]Figure 7 – Waves of the Message, Carrier and Modulated AM 
Figure 8 – Vrms spectrum of Message, Carrier and Modulated AM

[image: A screen shot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 9 – Power spectrum of Message, Carrier and Modulated AM
Figure 10 – Power density of Message, Carrier and Modulated AM
Demodulated AM circuit design
Next, a demodulation section was added to convert the modulated AM wave back into the message signal. An envelope detector is added to remove the Carrier from the modulated AM, a low pass filter to remove the high frequency remnants and a high pass filter is used to remove the DC. Finally, a gain block scales the amplitude back to the original message. The circuit for this can be seen below. 
[image: A white paper with black lines and black rectangles

AI-generated content may be incorrect.]Figure 11 – AM circuit with demodulation blocks added
Results for Demodulated AM circuit
The following figures show the results with the demodulated AM wave. Broken down results can be seen in Appendix B.
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]Figure 12 – Waves of Message, Carrier and Modulated AM with Demodulated added

[image: A screen shot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 13 – Vrms spectrum of Message, Carrier, Modulated and Demodulated AM
Figure 14 – Power spectrum of Message, Carrier, Modulated and Demodulated AM






[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 15 – Power density of Message, Carrier, Modulated and Demodulated AM
Modulation index variation 
To further see how modulation index effects AM, the modulation index was varied by 0.5 above and below the 0.8 index previously stated. The results of each of these are below, with the broken down results in Appendix C and D.
[image: A diagram of a computer

AI-generated content may be incorrect.]Modulation Index = 0.3
Figure 16 – AM demodulating circuit with modulation index at 0.3

[image: A screen shot of a graph

AI-generated content may be incorrect.][image: A screenshot of a computer screen

AI-generated content may be incorrect.]Figure 17 – Waves of each signal with modulation index at 0.3
Figure 18 – Vrms spectrum of AM with modulation index of 0.3


[image: A screen shot of a graph
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AI-generated content may be incorrect.]Figure 19 – Power spectrum of AM with modulation index of 0.3
Figure 20 – Power density of AM with modulation index of 0.3






[image: A diagram of a computer

AI-generated content may be incorrect.]Modulation Index = 1.3
Figure 21 – AM demodulating circuit with modulation index at 1.3
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]Figure 22 – Waves of each signal with modulation index at 1.3
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AI-generated content may be incorrect.][image: A screen shot of a graph

AI-generated content may be incorrect.]Figure 23 – Vrms spectrum of AM with modulation index of 1.3
Figure 24 – Power spectrum of AM with modulation index of 1.3






[image: A screen shot of a computer

AI-generated content may be incorrect.]Figure 25 = Power density of AM with modulation index 1.3
Comparison 
With the modulation index at 0.8, the modulated signal is slightly under modulated. The demodulated signal matches the message signal perfectly, showing successful demodulation. The Vrms, Power spectrum and Power density of the Demodulated signal also matches the message signal. To check the Power was correct, the formula of
 was used. 
Putting in the values:
This matches the Power of the modulated signal (green bars) in figure 14.
Changing the modulation index to 0.3, the wave result shows the signal is heavily under modulated. Furthermore, while the carrier matches the results when the modulation index is 0.8, the sidebands are much lower (approximately 0.1 instead of 0.25 Vrms). This continues in the demodulated signal, where the Vrms is approximately 0.19 instead of 0.5 on each peak, making it weaker than the message signal. Similar behaviour occurs in the power and power density readings, where the lower modulation index has caused the results to be lower than they should be. This causes the demodulated signal to have a smaller amplitude than it should.
By changing the modulation index to 1.3, The graph above (figure 22) shows over modulation. This causes the amplitude to be larger than the original message, with the waveform being deformed and the original message cannot be recovered. The graphs in figure 23 to 25 show the effect of the overmodulation, causing the Vrms, Power and Power density in the modulation signal sidebands and demodulated signal to be larger than the message signal.
Task 2 – DSB-SC Modulation
The report will now cover DSB-SC modulation, which uses the basic AM circuit and extra blocks to mask the carrier. The Frequency, like Task 1, is 10Hz for the message and 100Hz for the carrier. The Amplitude is 1 for the message and 2 for the carrier
DSB-SC Modulator Circuit design
The circuit below can be separated into different sections: the AM generator, the carrier cancellation blocks and the demodulator. To cancel the carrier, an almost identical AM is generated with a modulation index of -0.5 instead of 0.5. By subtracting the two signals, the carrier portion is removed. The equation of the output of the subtracting block is 

Where, 


Therefore, 

And simplifying this equation gives:

[12]This equation shows there is no carrier amplitude, meaning a clean DSB-SC signal. This signal is then demodulated, which is using a coherent detector. This uses the same removed carrier signal to detect the message signal. It does this using a local oscillator and product modulator block. This is then filtered through a low pass filter to remove high frequency components, with the desired message signal being outputted.
[image: A diagram of a computer system

AI-generated content may be incorrect.]     Figure 26 – DSBSC Circuit in Simulink
Results for DSB-SC Modulator
The results for the DSB-SC balanced modulator circuit can be seen below. For broken down results, see Appendix E.
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]Figure 27 – Waves for Message, Carrier, Modulated and Demodulated DSB-SC
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AI-generated content may be incorrect.]Figure 28 – Vrms of Message, Carrier, Modulated and Demodulated DSB-SC
Figure 29 – Power of Message, Carrier, Modulated and Demodulated DSB-SC






[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 30 – Power density of Message, Carrier, Modulated and Demodulated DSB-SC
Adding Noise to DSB-SC Modulator
Noise was added to see the effect noise has on DSB-SC waves. This was done by taking the clean DSB-SC, and adding noise, a bandpass filter and some switches to turn the noise on and off. The circuit below shows these additional blocks.
[image: A diagram of a computer program

AI-generated content may be incorrect.]Figure 31 – DSB-SC Circuit with noise added in Simulink
Results for DSB-SC Modulator with noise
The results with of the DSB-SC circuit with noise added can be seen below, with the results broken down in Appendix F.
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]Figure 32 – Waves of Message, Carrier, Modulated and Demodulated DSB-SC with added noise
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AI-generated content may be incorrect.]Figure 33 – Vrms of Message, Carrier, Modulated and Demodulated DSB-SC with added noise

[image: A screenshot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 34 – Power of Message, Carrier, Modulated and Demodulated DSB-SC with added noise 
Figure 35 – Power density of Message, Carrier, Modulated and Demodulated DSB-SC with added noise
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Task 3 – SSB-SC Modulation
This section will cover SSB-SC modulation, where the carrier is supressed like DSB-SC, and one sideband is removed. The Frequency of the Message is 10Hz, the Carrier is 100Hz and the amplitude for both is set to 1. The scaling is compensated at the receiver when demodulating, where the local oscillator has an amplitude of 2 instead of 1 like DSB-SC.
SSB-SC Modulator Circuit design
[13]The SSB-SC modulator circuit can be found in figure 38 below. This circuit is using the phase discrimination method, made up of two product modulators, two phase shifters and a summer block. The first product modulator multiplies the message and carrier together. The second product modulator multiplies the phase shifted message and carrier together. These are then added or subtracted, depending on which side band is to be removed. The equation of the output from the subtracting block is

Where,


Therefore,

And simplifying this down gives:

This is then demodulated at the receiver using the same coherent detector method as DSB-SC used to demodulate. 
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Results for SSB-SC Modulator
The figures below show the results of the SSB-SC Modulator. Each result, broken down, can be seen in appendix G
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Adding Noise to SSB-SC Modulator
Noise was then added after the modulated SSB-SC signal to replicate the effects of external noise on a transmitted signal, in the same way as DSB-SC.
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AI-generated content may be incorrect.]Figure 44 – SSB-SC Circuit with noise added in Simulink
Results for SSB-SC Modulator with noise
The results for SSB-SC with noise added can be seen in figures 44 to 50. For the results separated out, seen appendix H. 
[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 45 – Waves of Message, Carrier, Modulated and Demodulated SSB-SC with added noise
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AI-generated content may be incorrect.]Figure 46 – Vrms of Message, Carrier, Modulated and Demodulated SSB-SC with added noise
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AI-generated content may be incorrect.]Figure 47 – Power of Message, Carrier, Modulated and Demodulated SSB-SC with added noise
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Task 4 – AM Modulation 
For a fair comparison, AM results using a modulation index of 0.5 were taken. The Amplitude of the message is 1, and 2 for the carrier, with a frequency of 10Hz for the message and 100Hz for the carrier, similar to DSB-SC.
AM Circuit design with Modulation Index of 0.5
The circuit matches the demodulation circuit used in Task 1 , but with a modulation index of 0.5.
[image: A diagram of a flowchart

AI-generated content may be incorrect.]Figure 52 – AM Circuit with modulation index 0.5 in Simulink
Results for AM without noise
Below are the results of AM without any noise added. For more detailed results, see appendix I.
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AM with noise Circuit design
Noise was then added to see which method is most resilient to external sources. The same noise blocks previously used were added between the modulated AM and the demodulation blocks. 
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AI-generated content may be incorrect.]Figure 57 – AM Circuit with modulation index 0.5 and noise added in Simulink
Results for AM with noise
Below are the results of the AM with noise added. Further results can be found in appendix J.
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AI-generated content may be incorrect.]Figure 59 – Vrms of Message, Carrier, Modulated and Demodulated AM with added noise
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Analysis of AM, DSB-SC and SSB-SC
Performance 
AM
AM without noise gives a clean modulated and demodulated wave, resulting in the message signal being received perfectly. When noise is added to the modulated wave, it significantly destroys the signal, leaving no possibility of decoding the original message signal. When the noise is added, extra readings at present at various frequencies between -50 to 50 Hz. The main demodulated Vrms bar is also significantly reduced. The expected value is 0.5 Vrms, however the actual value with noise is about 0.07 Vrms. This behaviour follows in power and power density, where the Power reading is about 0.01-0.02W and power density is less than 0.01W/Hz. 
Similar trends occur with the signal-to-noise ratio, where Power from the demodulated signal is near zero. The peaks are the actual signals; the demodulated output is full of noise and is not clear enough to recover the message. This is backed up by the graph in figure 57, where the demodulated wave is random and unusable. 
DSB-SC
DSB-SC with noise has some effect on the demodulated wave at the receiver. The waveform in figure 31 shows the wave is not a smooth sinusoidal and the clean message will not be recovered easily. Similar to AM, the Vrms has some unwanted signals between -40Hz to 40Hz, with the peak of Vrms, Power and Power density being lower than the message. There is some noise present in the SNR results on the output, however the signal ratio is larger in DSB-SC compared to AM
SSB-SC
Like AM and DSB-SC, the message in SSB-SC is messed up by the noise, with lots of unwanted signals around the demodulated frequencies for Vrms, Power and Power density. Similarly in the signal-to-noise ratio results, the Power of the demodulated signal has lots of very small noise peaks, effecting the overall power. The signal ratio is improved over both AM and DSB-SC
Comparison
While DSB-SC and SSB-SC were heavily affected by the addition of noise, they were a great improvement over standard AM, which was destroyed by noise. DSB-SC and SSB-SC are better in environments where the transmitted signal is susceptible to noise. SSB-SC and DSB-SC results were also close with SSB-SC having better SNR than DSB-SC (0.25W compared to 0.23W for DSB), and since SSB-SC is more efficient, requiring less bandwidth and power, makes it the best method. AM would be best for applications that required a cheap and simple solution, such as legacy receivers and Aviation voice communication. DSB-SC is better if you want easier carrier recovery or bandwidth and power efficiency is not critical and could be used in analog telemetry. SSBSC is the best for when bandwidth is scarce, since it only uses a bandwidth of 10Hz (half of DSBSC) and long distance communication is required. It requires more complex demodulation but results in a cleaner, more efficient communication. Use cases could include High-frequency long distance communications.
Conclusion
This report has looked into the theory and background of analog modulation and demodulation methods, with a detailed literature review into previous papers written about AM, DSB-SC and SSB-SC. These papers primarily looked at the use of DSB-SC and SSB-SC in optical communication, as well as comparing these methods with AM. The second half of the report involved work in MATLAB Simulink, simulating various AM, DSB-SC and SSB-SC, including varying modulation index and adding noise, with a comparison of the results and a drawn conclusion of which one would be more suitable for what use case.
Recommendations for future work
Future work could include looking into digital modulation and comparing it with analog modulation, as well as look into other analog modulation methods, such as FM (frequency modulation) and PM (phase modulation). Adding further realistic channel impairments, alongside the noise, would help provide insight into real world performance, limitations and robustness.
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Appendices
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Figure 66 – Vrms of Carrier with modulation index 0.8
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Appendix B – Demodulated AM results – 0.8 Index
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AI-generated content may be incorrect.]Figure 81 – Power of Demodulated AM with modulation index 0.8 (Demodulated Circuit)
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Appendix C – Demodulated AM results – 0.3 Index
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Figure 87 –Vrms of Carrier with modulation index 0.3
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Figure 97 – Power density of Demodulated AM with modulation index 0.3
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Figure 98 – Vrms of Message with modulation index 1.3
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Figure 101 – Vrms of Demodulated AM with modulation index 1.3






[image: A screen shot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 102 – Power of Message with modulation index 1.3
Figure 103 – Power of Carrier with modulation index 1.3
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Figure 105 – Power of Demodulated AM with modulation index 1.3
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Appendix E – DSB-SC results without noise
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AI-generated content may be incorrect.]Figure 112 – Vrms of Modulated DSB-SC without noise
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AI-generated content may be incorrect.]Figure 116 – Power of Modulated DSB-SC without noise 
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AI-generated content may be incorrect.]Figure 120 – Power density of Modulated DSB-SC without noise
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Appendix F – DSB-SC results with Noise
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AI-generated content may be incorrect.]Figure 124 – Vrms of Modulated DSB-SC with noise
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AI-generated content may be incorrect.]Figure 126 – Vrms of Signal-to-Noise ratio of AWGN output in DSB-SC with noise
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AI-generated content may be incorrect.]Figure 128 – Vrms of Signal-to-Noise ratio of Modulated DSB-SC with noise output
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AI-generated content may be incorrect.]Figure 130 – Power of Carrier of DSB-SC with noise
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AI-generated content may be incorrect.]Figure 132 – Power of Demodulated DSB-SC with noise 
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AI-generated content may be incorrect.]Figure 133 – Power of Signal-to-Noise ratio of AWGN output in DSB-SC with noise
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AI-generated content may be incorrect.]Figure 134 – Power of Signal-to-Noise ratio of Bandpass output in DSB-SC with noise
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AI-generated content may be incorrect.]Figure 135 – Power of Signal-to-Noise ratio of Modulated DSB-SC with noise output






[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 136 – Power density of Message of DSB-SC with noise 
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AI-generated content may be incorrect.]Figure 140 – Power density of Signal-to-Noise ratio of AWGN output in DSB-SC with noise
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AI-generated content may be incorrect.]Figure 141 – Power density of Signal-to-Noise ratio of Bandpass output in DSB-SC with noise 
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Appendix G – SSB-SC results without Noise
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AI-generated content may be incorrect.]Figure 146 – Vrms of Demodulated SSB-SC without noise 
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AI-generated content may be incorrect.]Figure 148 – Power of Carrier of SSB-SC without noise
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AI-generated content may be incorrect.]Figure 149 – Power of Modulated SSB-SC without noise 
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AI-generated content may be incorrect.]Figure 150 – Power of Demodulated SSB-SC without noise 
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AI-generated content may be incorrect.]Figure 151 – Power density of Message of SSB-SC without noise 
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AI-generated content may be incorrect.]Figure 152 – Power density of Carrier of SSB-SC without noise
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AI-generated content may be incorrect.]Figure 153 – Power density of Modulated SSB-SC without noise






[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 154 – Power density of Demodulated SSB-SC without noise 
Appendix h – SSB-SC results with Noise
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AI-generated content may be incorrect.]Figure 156 – Vrms of Carrier of SSB-SC with noise
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AI-generated content may be incorrect.]Figure 157 – Vrms of Modulated SSB-SC with noise 
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AI-generated content may be incorrect.]Figure 158 – Vrms of Demodulated SSB-SC with noise 
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AI-generated content may be incorrect.]Figure 159 – Vrms of Signal-to-Noise ratio of AWGN output in SSB-SC with noise 
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AI-generated content may be incorrect.]Figure 160 – Vrms Signal-to-Noise ratio of Bandpass output in SSB-SC with noise 
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AI-generated content may be incorrect.]Figure 161 – Vrms Signal-to-Noise ratio of modulated SSB-SC with noise output






[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 162 – Power of Message of SSB-SC with noise 
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AI-generated content may be incorrect.]Figure 163 – Power of Carrier of SSB-SC with noise 
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AI-generated content may be incorrect.]Figure 166 – Power of Signal-to-Noise ratio of AWGN output in SSB-SC with noise
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AI-generated content may be incorrect.]Figure 168 – Power of Signal-to-Noise ratio of modulated SSB-SC with noise output 
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[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 173 – Power density of Signal-to-Noise ratio of AWGN output in SSB-SC with noise
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Appendix I – AM results without Noise
[image: A screen shot of a computer

AI-generated content may be incorrect.]Figure 176 – Vrms of Message of AM without noise 
[image: A screen shot of a graph

AI-generated content may be incorrect.]Figure 177 – Vrms of Carrier of AM without noise





[image: A screen shot of a computer

AI-generated content may be incorrect.]Figure 178 – Vrms of Modulated AM without noise
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Appendix J – AM results with Noise
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AI-generated content may be incorrect.]Figure 192 – Vrms of Signal-to-Noise ratio of AWGN output in AM with noise 
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AI-generated content may be incorrect.]Figure 194 – Vrms of Signal-to-Noise ratio of modulated AM with noise output
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AI-generated content may be incorrect.]Figure 199 – Power of Signal-to-Noise ratio of AWGN output in AM with noise
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AI-generated content may be incorrect.]Figure 200 – Power of Signal-to-Noise ratio of Bandpass output in AM with noise
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AI-generated content may be incorrect.]Figure 201 – Power of Signal-to-Noise ratio of modulated AM with noise output
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AI-generated content may be incorrect.]Figure 202 – Power density of Message of AM with noise
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AI-generated content may be incorrect.]Figure 204 – Power density of Modulated AM with noise 
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AI-generated content may be incorrect.]Figure 206 – Power density of Signal-to-Noise ratio of AWGN output in AM with noise
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AI-generated content may be incorrect.]Figure 207 – Power density of Signal-to-Noise ratio of Bandpass output in AM with noise
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Page 1
image90.png
——Message

Watts.

I D B .
ECY E) ED ED g W W 20 760

Frequency (Hz)





image91.png
——Carier

Watts.





image92.png
Wats.

£

T T L L LT T LT

uuuuuuuuu





image93.png
Watts.

“\,{Ummmuﬂumlm‘m

NERRRNNNNARRRRRNNRRRRAN

rrrrr ()





image94.png
——Message

Watts/Hz.

“I\\Y\\IL!\\Y\ALY\II\JID\\!llYII\:IQI\IWW“ID\]N]IJDII\[N‘\N!N

Frequency (Hz)





image95.png
Watts/Hz.

oorsl
ooz
ossl
0054+

oosl
ooss.-
oos2-

0048

sl
oosel
ooszl
oosl
oo

oo
oote-
ootz

0006

o004

1

I e
& = g % % £





image96.png




image97.png
Frequency (Hz)





image98.png
——Message

vims

A A A I

B ED E E0 Q 3 E] Eg 720
Frequency (Hz)





image99.png
vims,

——

1

L LT 1
Q

1

1

I

1
E

1

1111

|
&

1

1

1

1

I

[ 1

Frequency (Hz)

20





image1.jpeg
m(t)

Local
Oscillator |

-m(t)

AM
Modulator

c(t) = A.cos(2nft)

s1(t)

AM
Modulator

s2(t)





image100.png
vims

D 0 0 A ] ] A T 1 B
Eg g

% 20

T 0 w0 50 g
Frequency (Hz)





image101.png
Vims

A e

B ED E E0 g 3 % Eg 720
Frequency (Hz)





image102.png
——Carer

Watts





image103.png
——Message

Watts

Froquency (Hz)





image104.png
S A A

B =0 E ED g 3 E] Eg 720
Frequency (Hz)





image105.png
Watts

E) £ %0 50 g 30 E] Eg 720

Frequency (Hz)





image106.png
WattsiHz

TLI111]

EEENNSERNNERNNERNNERNNERANERNNRR RN RRNAN

ED 3 EY %





image107.png
Tl L | | |

NN NN NN R NN RN





image108.png
Watts/Hz.

L]

HENNEREENNEREERENEEENNEREARNNRRRnEnENE

1|11





image109.png
Watts/Hz.

LU 1]

AREERERERERENERERENRENE





image2.png
O





image110.png
ESTIMATION  MEASUREMENTS

—Message

05

0.4

Vrms

02

0.1

& | B U DU BN BN DU SUUEN SUSUN SUUE BUUUN DUUEN DU NN B DS BTN SN B
-40

-30 -20 -10 0 10 20 30 40 50
Frequency (Hz)

osesc btnced n n n

Frequency (Hz) 0.0000
RMS (Vrms) 0.0001





image111.png
A

e

T





image112.png
ESTIMATION  MEASUREMENTS

m (] MaicHold Trace

ram Unit v

1 Winold Tace
— DSBSC balanced
1
08|
0.6|
" P1P4 P3 P2
g vy v
=
0.4
0.2|
-400 -200 o 200 400
Frequency (Hz)
Pe
DsBSc blanced P v B P
Frequency (H2) 1100000 100000 90,0000 90,0000
RMS (Virms) 04991 04991 04991





image113.png
ESTIMATION  MEASUREMENTS

ectrum C] Mac-Hold Trace trum |

[ Min-Hold Tra

— Demod Balanced

0.8

056

Vims

04

02

0

T

Frequency (Hz)

DSBSC balanced P P2 P3

Ps
110.0000 90.0000 -90.0000
04991

Frequency (Hz) -110.0000

RMS (Vims) 04991 04991 04991





image114.png
ESTIMATION  MEASUREMENTS.

ectrum [ Mas-Hold Trace

[ Min-Hold Ta

—Message

0.35)

03

0.25|

02

Watts
o
o

0.1

0.05|

-0.05/

-20 20 W = .

Frequency (Hz)

DSBSC balanced ™ 5 5

Frequency (Hz) 0.0000
Power (Watts) 0.0000





image115.png
T

[

L





image116.png
ESTIMATION  MEASUREMENTS.

trum (] MaxcHold Trac

[ Min Hold Trace

—— DSBSC balanced

0.8

056

Watts

0.4

02

o

400 200 0 200 400

Frequency (Hz)

DSBSC balanced

Frequency (Hz) -110.0000 110.0000 90,0000
Power (Watts) 02491

02491

-90.0000
02491 0.2491





image117.png
ESTIMATION  MEASUREMENTS.

spectrum [] Max Hold Tr
[ Min-Hold

— Demod Balanced

0.32)

0.28)

0.24)

02

0.16|

Watts.

0.12|

0.08|

0.04)

-0 B 0 20 40 60
Frequency (Hz)

DSBSC balanced 1 2 B Ps
Frequency (Hz) 0.0000
Power (Watts) 0.0000





image118.png
ESTIMATION  MEASUREMENTS.

um (] MexcHold T rum UnitWatts

O win-t

0.05-

0.04F

Watts/Hz
°
3
a

0.02-

001

0 30 20 ET) 0 10 20 30 40

Frequency (Hz)

Ps

DSBSC balanced P P2 B

Frequency (Hz) 0.0000
Power Density (Watts/Hz) 0.0000





image119.png
400

ey





image3.png




image120.png
ESTIMATION  MEASUREMENTS

spectrum [ Max-Hold Tra
] Min-Hold Trace.

— DSBSC balanced

021+

0.18

0.15-

0.12-

Watts/Hz
o
8

0.06- P1 P4 P3 P2
Y

0.03-

400 200 [ 200 400

Frequency (Hz)

v

DSBSC balanced P P2 Ps
Frequency (Hz) -110.0000 110.0000 90.0000 -90.0000
Power Density (Watts/Hz) 0.0498 0.0498 0.0498 0.0498





image121.png
ESTIMATION  MEASUREMENTS

ectrum T Mas-Hold Tra Spectrum Uni3

[ Min-Hold Trace | Referr

— Demod Balanced

0.07-

0.06

0.05

0.04

0.03

Watts/Hz

0.02-

0.01

| |

E) 0 10 20 30
Frequency (Hz)

DSBSC balanced 1 2 B Ps

-50 -40 30

Frequency (Hz) 0.0000
Power Density (Watts/Hz) 0.0000





image122.png
scope.

emwron s |

—Message

B[

1.2|

11

il

09

038

07|

056

Vrms

05

04

03

02

01

0|

NNRERREARANIN

L1111

DSBSC balr

111
-200

nced

LU T
-100 0 100 200

Frequency (Hz)

Ps

11111
£

ed

Frequency (Hz)
RMS (Vrms)

-110.0000
04991

110.0000





image123.png
s ewanon - vessurevenrs | RGNS NESES)

——Carrier

09

0.8

0.7,

056

Vrms

05
04
03
02

0.1

S ARRNNNN RN A AN AR AN NN A AR ARNNN NN AN AN AR RN NNN NN RA AR ARR AR AN NN A RN AN RN NN NN AR RRARRNN NN N AR AR RRAAAE!
-200 0 0 100 20( £

~101 0

Frequency (Hz)

B Ps

-110.0000 110.0000
04991 04991

DSBSC balanced

Frequency (Hz)
RMS (Vrms)





image124.png
score ESTIMATION  MEASUREMENTS
—— DSBSC balanced

09

038

07|

056

Vrms

P3| P2 Pl P4
0.5]

0.4

03

02

0.1

0

L L O T T LT
-200 00 0 0 200 300

10

Frequency (Hz)

B Ps
110.0000 110.0000

DSBSC balanced

Frequency (Hz)
RMS (Vims)





image125.png
score ESTMATON  MEASUREMENTS
— Demod Balanced

03

02

0.1

° H\HHHHIIHHI\\IHHHHHIHHHIHHHHHW' H‘ HH\HHHHHHHHHI\\HIHIIHHHHHHHIHHIHHHHIH
-200 -100 0 100 200 300

Frequency (Hz)

B Ps

DSBSC balanced

110.0000
04991

Frequency (Hz)
RMS (Vims)





image126.png
ESTIMATION  MEASUREMENTS

d spectrum (] MaHold Tr

[ Min-Hold Trace

05

04

03

Vrms

02

0.1

AT

-120 9 120

Frequency (Hz)
snro B v 3

Ps
Frequency (Hz) 10,0000 -100000 0.0000 25,0000
RMS (vrms) 04728 04728 00634 0.0475





image127.png
sectrum (] Max-Hold Trs
[ Min-Hold

Spectrum Unit

05

0.4

03

Vms

02

0.1

e

120
Frequency (Hz)
snro P v P P
Frequency (Hz) 10,0000 ~10,0000 25,0000
RMS (Vrms) 04728 04728

0.0475





image128.png
ESTIMATION  MEASUREMENTS

d Trace.

[ Min-Hold Trace

05 P2

0.4

03

Vrms

02

01 P3

RRRRNNRARRANANN] AN AN AR RN RRRARRANY

-120 -90 60 Y

Frequency (Hz)

1 2 B Ps
Frequency (Hz) 10.0000 10,0000 0.0000 25.0000
RMS (Vrms) 04728 04728 00634 0.0475





image129.png
ESTIMATION  MEASUREMENTS

ectrum C] MaccHold Trace

] Mol T
—Message
1

0.8

0.6
2
g
=

0.4]

0.2

ORI I T L L L T T T L L T T L O O O O T T T O T T T 1T

-400 -200 0 200 400
Frequency (Hz)

DSBSC balanced

B 2 B Ps
Frequency (Hz) 900000 90.0000 110.0000 110.0000
Power (Watts) 02491 02491 02491

0.2491





image4.png




image130.png
ESTIMATION  MEASUREMENTS

038

0.6

Watts

0.4

02

0

LT T T T T T T T D T T T T T T T T T T T T

400 . 200 . 0 200 400
Frequency (Hz)

DSBSC balanced Pt P2

B Ps
Frequency (Hz) -90.0000 90.0000 ~110.0000 110.0000
Power (Watts) 02491 02491 02491 02491





image131.png
ESTIMATION  MEASUREMENTS

m (] MaicHold Tra rom UritWatt

[ Min-Hold Trace | Reference.

—— DSBSC balanced
1
02|
06|
2
]
=
0.4
P3 P1 P2 P4
Yy
02|
O U e e e e e e e T T
400 200 0 200 200

Frequency (Hz)
D58SC blanced 3

P2 P3 Ps
Frequency (Hz) -90.0000 90.0000 -110.0000 110.0000
Power (Watts) 02491 0.2491 02491 02491





image132.png
ESTIMATION  MEASUREMENTS

um (] MaicHold Tra rom Uit Watt

[ Min-Hold Trace | Reference.

— Demod Balanced

038

056

Watts

0.4

02

TR IR RTINSV IV IR IV TSI R AR TN AT TN Td SN AT TR T T e A IR A AR I I T IR I IR I AR I A NIRI VIV TV AT R ENIRNUNO

-400 -200 0 200 400
Frequency (Hz)

DSBSC balanced B P2 B Ps
Frequency (Hz) -90,0000 90,0000 ~110,0000 110.0000
Power (Watts) 02491 02491 02491 0.2491





image133.png
ESTIMATION  MEASUREMENTS

tum (] MaxcHold T

[ Min-Hold Trace

—SNRC

028

024

02-

0.16

Watts

0.12-

0.08F

0.04

AR AR ARARATANARARAAAN

30

ARUAANRRRRAAANARRRAA

120
Frequency (Hz)

snro P

P2 Ps Ps
Frequency (Hz) 10,0000 -100000 25,0000
Power (Watts) 02237 02237 0.0023





image134.png
ESTIMATION  MEASUREMENTS

032,

0.28)

0.24)

02

0.16|

Watts

0.12|
0.08|

0.04)

st | [T

Frequency (Hz)
£ B v P2 P
Frequency (Hz) 10,0000 10,0000 00000 250000
Power (Watts) 0.2237 0.2237 0.0040 0.0023





image135.png
ESTIMATION  MEASUREMENTS

032

0.28|

0.24 P2 P1

02

0.16|

Watts

0.12|
0.08]

0.04
P3 P

-0.04) ‘ ‘
90 E

60 30 90

Frequency (Hz)

Frequency (Hz) 10.0000 10.0000 0.0000 25.0000
Power (Watts) 0.2237 0.2237 0.0040 0.0023





image136.png
ESTIMATION  MEASUREMENTS

2 Tovo-Sided Spectrum ] MexcHold T rom Unit[Watts

[ Min-Hold Tra

0.18

0.15-

0.12F

0.09-

Watts/Hz

0.06-

0.03-

400 200 [ 200 400

Frequency (Hz)

DSBSC balanced P P2 Ps Ps
Frequency (Hz) -90.0000 90.0000 110.0000 -110.0000
Power Density (Watts/Hz) 0.0498 0.0498 0.0498 0.0498





image137.png
L

IHHHH\H\HHHIIHIHIH\HH\HH

L





image138.png
ESTIMATION  MEASUREMENTS

Spectrum (] MacHold Trace

[ Min-Hold Trace | Reference.

— DSBSC balanced

021+

0.18-

0.15-

0.12-

0.09-

Watts/Hz

0.06 P4 P1 P2 P3

0.03

T

Frequency (Hz)

DSBSC balanced P P2 Ps Pa

Frequency (Hz) -90.0000 90.0000 -110.0000
Power Density (Watts/Hz) 0.0498 0.0498 0.0498





image139.png
esmuamon  weasurements [T

— Demod Balanced

021

0.18|

0.15]

0.12]

Watts/Hz
o
5
8

0.06|

0.03]

0|

L

Frequency (Hz)

DSBSC balanced Pt P2 3 Ps
Frequency (Hz) -90.0000 900000

-110.0000
Power Density (Watts/Hz) 0.0498 00498 00498





image5.png




image140.png
ESTIMATION  MEASUREMENTS

um (] MaxcHold T Spectrum UnitWatts

[ Min-Hold Trace

—SNRC

0.06

0.05

0.04F

Watts/Hz
o
8

°
3
8

0.01F

aANNARRANNANRNNARARAN

120 g 30 0

RRANARRN NN ARARAAAA

120

snro P P2 Ps Ps
Frequency (Hz) 10.0000 -100000 0.0000 25.0000
Power Density (Watts/Hz) 0.0447 0.0447 0.0008 0.0005





image141.png
ESTIMATION  MEASUREMENTS

um (] MaicHold Trace

[ Min-Hold Trace | R

0.06

0.05-

0.04-

Watts/Hz
°
8

0.02-

0.01-

AARRRR RN A ANRRAANRAANN

120 9 30 0

ARRNRRANNRANNAA AR

snro P P2 P3 Pa
Frequency (Hz) 10.0000 -100000
Power Density (Watts/Hz) 0.0447 00447

120





image142.png
ESTIMATION  MEASUREMENTS

tum (] MaxcHold T

[ Min-Hold Trace

— SNRO

0.06

0.05;
P2 P1

Watts/Hz
o
8

0.02-

0.01-

P3 P4

AR AR AR RN R AR AR AN

120 90

-30 0 30
Frequency (Hz)

snro P P2 P3 Ps

RN NARRRNARRNAE

Frequency (Hz) 10.0000 -100000 0.0000 25.0000
Power Density (Watts/Hz) 0.0447 0.0447 0.0008 0.0005





image143.png
I

T





image144.png
T

T

A





image145.png
ESTIMATION  MEASUREMENTS.

—— SSBSC

0.5 i 4

0.4

03

Vrms

02

0.1

0

P4 PR3
-400 -200 o 200 400

Frequency (Hz)
sssc P P2 Ps Ps
Frequency (Hz) 110.0000 -110.0000 -155.0000
RMS (Vrms) 04991 04991 0.0006





image146.png
ESTIMATION  MEASUREMENTS

d spectrum (] MaHold Tr

[ Min-Hold Trace

05

0.4

03

Vrms

02

0.1

0|

T

o=

L

Frequency (Hz)
ssesc P v P P

Frequency (Hz) 110.0000 -110.0000 155.0000 -155.0000
RMS (Vims) 04991 04991 0.0006 0.0006





image147.png
I

o

20

e





image148.png
e I

MR

e





image149.png
ESTIMATION  MEASUREMENTS

tum (] MaxcHold T

[ Min-Hold Trace

0.27|

0.24)

021

0.18|

0.15|

0.12|

Watts

0.09)
0.06]

0.03|

\\HH\HHHIIIMUOH\\IHH\\\HHHHHHH\HIHHH[UOHHIIIPT‘IHHH L HHHIWHHHIJLU\\\\HIH\HHHIIHHH\\\\HH\HULUIHIIHHH\HH

Frequency (Hz)

ssesc P P2 B Ps

Frequency (Hz) 110,0000 -110.0000 155.0000 -155.0000
Power (Watts) 02491 02491 00000 0.0000





image6.png
]

]





image150.png
ESTIMATION  MEASUREMENTS

ectrum C] Max-Hold Tac
[ Min-Hold Tra

. .
— SSBSC Demod

0.27|

0.24)

021

0.18|

0.15|

0.12|

Watts

0.09)
0.06|
0.03|

0

et O

Frequency (Hz)
ssasc B v 3 v

Frequency (Hz) 110.0000 110.0000 155.0000 155.0000
Power (Watts) 02491 02491 00000 0.0000





image151.png
Frequency (Hz)

e





image152.png
A

eeeeeeeee (Hz)

o

401

L





image153.png
ESTIMATION  MEASUREMENTS

— SSBSC

0.05- Y e

0.04F

0.03-

Watts/Hz

o
3
S

H\\H\HH\\\M\\\\HHH\HHHIHHIIIHIIIIIIIIHUJ\IHImIHHH [ HH\\\ml\\\\ULUIHlHHIIIHHHHIIIHIIIHIHI\IUlLI\\\\I\\\\\\\\\\\\

D]
Frequency (Hz)

sssc P P2 B Ps

Frequency (Hz) 110.0000 -1100000 155.0000 -155.0000
Power Density (Watts/Hz) 00498 0.0498 0.0000 0.0000





image154.png
ESTIMATION  MEASUREMENTS.

— SSBSC Demod

0.05|

0.04

Watts/Hz.
°
o
8

o
S
8

0.01

0

L D e

Frequency (Hz)

ssBsC ) P2 B Ps

Frequency (Hz) 110.0000 -1100000 155.0000
Powier Density (Watts/Hz) 0.0498 00498

-155.0000
0.0000 0.0000





image155.png
00
quency (Hz

T





image156.png
T

T

A





image157.png
L

HHHIWH\\l\jﬂjl\IIIIIIIHHHIH\HHHH\HIHlllJlLIIIHIHIHHHHI





image158.png
ESTIMATION  MEASUREMENTS

— SSBSC Demod

05

0.4

03

Vrms

02

01

0|

HHHHHHHH\U\DIDHHIHIHHHHHHHHH\\HIH|Hﬂljjl\\\\\\HHHH\HHHHHHI” T

Frequency (Hz)
sssc P P2 P3 Ps
Frequency (Hz) 110.0000 -110.0000 155.0000 -155.0000
RMS (Vims) 04991 04991 0.0006 0.0006





image159.png
I

-100000
4




image7.png
ESTMATON  MEASUREMENTS

um (] MoxcHold T

[ Min-Hol

o upe

5





image160.png
st g

snro " n v

»:




image161.png
=

1

=
===
=
J=
=
=
=2
i ]
L B
& 2

T

G





image162.png
B

eeeeeeeee (Hz)
" v P2 P





image163.png
e I

I

e

200





image164.png
ESTIMATION  MEASUREMENTS

um (] MexHold Trac spectrum Uni Wt

[ Min Hold Trace

0.27|

0.24)

021

0.18|

0.15|

0.12|

Watts

0.09)
0.06|

0.03)

HHHHHHIIIIM\HH\\H\HHHHIIHHHHIHH\\ﬂUj\l\llml\lHl\ I HHHIWIHHULUHH\H\HHHHIIHHHHHHHH\ULUHIHHIHHHH

o

Frequency (Hz)
ssesc P v B P

Frequency (Hz) 110.0000 -110.0000 155.0000 -155.0000
Power (Watts) 02491 02491 00000 0.0000





image165.png
ESTIMATION  MEASUREMENTS

um (] e ram Urit
[ Min-Hold Tra

0.24)

021

0.18|

0.15|

0.12|

Watts

0.09)
0.06|

0.03)

e e

o

Frequency (Hz)
sssc P P2 Ps Ps
Frequency (Hz) 110.0000 -110.0000 155.0000 -155.0000
Power (Watts) 02491 02491 00000 0.0000





image166.png
0.04
o

L

MM

A





image167.png
e

400

eeeeeeeee (Hz)

(Hz) 0.00¢ -





image168.png
ESTIMATION  MEASUREMENTS

ectrum [ Max-Hold Tr

[ Min-Hold Trace

028"
P2 P1
0.24- 'Y

02-

0.16-

Watts

0.12F
0.08F

0.04

0”""""""""""""""H"‘HH‘HHH|HHH|HH|||HH|HH|H|HHHHHHHHH‘
400 200

ps |

0 200 400

Frequency (Hz)
snro 3 v B P

Frequency (Hz) 10.0000 -100000 -25.0000
Power (Watts) 02425 02425 0.0090





image169.png
e

400
eeeeeeeee (Hz)

ssasc n n n v

110.0000 -110.0000

nnnnnn




image8.png
ESssss==

\I\I\
I ——
/
—1 [
R R ey
I e e s
—_—T
S N g

s N
—_—T
JN N s g
B s
e o
PN i e ey
[

P o N I
P
[ e
=0T
P =
[
=0T

T

T

1 1 |
T

e S
——
Tt
[

—

P ———
T T——
—_— T
I ———
—
I ————
—
—_—T
I ————
[ e
=T |
I ————
P I ——
=TT |
ﬂ\|\U

B ——

—_—T— T |
ﬂ\|\U
wﬁ{\v
e

I -

I

Q\b
I e

—_—1

AY‘\'M





image170.png
A

|

R





image171.png
ESTIMATION  MEASUREMENTS.

Spectrum [ MaHold Tr Unit[Wattsfo. <

P2 P1
0.05- 3

0.04

0.03F

Watts/Hz

°
g
8

0.01-

P4 P3
0”‘H""‘H""‘H""‘H""‘H"H‘HHHH|HHHHm”m””mmw """""""""H”HHHMHHHHHH """‘H|"‘H"‘HH‘HHH|HHH|HHH|HHH‘H|H|HHHHHHHHH
400 200 0 200 400

Frequency (Hz)

ssasc n n n v
Frequency () 1100000 1100000
Power Density Wattg/Hs) 00108 00498

-155.0000
0.0000





image172.png
il

|

O





image173.png
MM

A





image174.png
T

400

eeeeeeeee (Hz)





image175.png
ESTIMATION  MEASUREMENTS.

um (] M Hold Trac tram Unie{War:
[ Min-Hold Trace
0.06-
0.05 E21E]
0.04;
N
< 0.03-
2
]
=
0.02-
0.01-
2 pa
0”HH‘HHH‘HHH‘HHH‘HH"‘HH‘HHH|HHHH”H”MHMHH|HHHHHHHHHHH| ‘ ”"H"‘H"H"‘H"‘HHH‘HH‘HH‘HHHH|HH|HHHmHH‘HHHHHHHHHHHH
-400 -200 o 200 400

Frequency (Hz)

Ps P4

snro P
Frequency (Hz) 10.0000 -100000
Power Density (Watts/Hz)

P2
25.0000

00485 0.0485 00018





image176.png
——Message

Vims

°WHH LU ] \U LT LTI

Frogquency (Hz)





image177.png
vims

CLLLLTTTTO L

=300

LLLH[HHIHHHHH\L\HHH\H]HHH\UlH\HHHH\!HH\lHHHHH!H!HHL

e B

Frequency (Hz)

HHH\HH\HHHuu\H[HHHH\H\HHHH\H]HHH'I

£





image178.png
vims

LI LT Lul DL L] SRR TRERIADARRARA

1]
) 300 20 0 K 300

Frequency (Hz)





image179.png
vims

“'\HHHHH\HH]HHLIan[HHHHH\HHH\HHH\HIHHIILIUL[HHHHHHH\ m LT LI

E =200 500

Frequency (Hz)





image9.png
ESTIMATION  MEASUREMENTS





image180.png
——Mossage

Watts

ko

= 2% 5 ED = g g 0 75 % %
Froquency (Hz)





image181.png
Watts.

——

11 7

BYRH

03|

03

o7

asf

03

04

03]

02)

[

g
Frequency (kHz)





image182.png
Watts

03|

03

07

o

03

04

03

02

o1

0
Frequency (kHz)





image183.png
——]

agl

oz

07]

o

os]

Watts.

04

03

02

o1

0
Frequency (kHz)





image184.png
Eiéw,umwww

uuuuuuuuuuuu

AT=200.0000 m





image185.png
Eww

TR





image186.png
TR TR AR

uuuuuuuuuu




image187.png
AT

7
quququququququququ

AT





image188.png
——Message

0
Frequency (kHz)





image189.png
ctrum Analyzer

——Carer

vrms.

0|

0gl

0]

0]

03

04

03

02

[

g
Frequency (kHz)





image10.png
ESTIMATION  MEASUREMENTS

a4vme





image190.png
vrms.

g
Frequency (kHz)





image191.png
: [ ———
© [ ———
- [ e —





image192.png
ESTMATION  MEASUREMENTS

0.8

0.6

Vrms

0.4

02

“ _JO\H LT T

Frequency (Hz)

snRo B 2 B Ps

120

Frequency (Hz) 10,0000 10.0000 25,0000 25,0000
RMS (Vrms) 00737 00737 00301 00301





image193.png
ESTIMATION  MEASUREMENTS

0.8

06

Vrms

0.4

02

i \M\\\HGU1||uﬂm||u\||\uﬂw\|||JO||H\%J‘|MQD

Frequency (Hz)
snro P v

=)

Ps Ps
Frequency (Hz) -10.0000 10.0000 25,0000 -25.0000
RMS (Vrms) 00737 00737 00301 00301





image194.png
ESTIMATION  MEASUREMENTS

1
08
0.8
2
E
s
0.4
02
P1 P2
2 @
OH‘||HH‘||H||HH|H|“H[||‘||HH‘||H
-120 90 0 0 0 E 60 E) 120
Frequency (Hz)
snro P P2 P Ps
Frequency (Hz) 10,0000 10,0000 25.0000 -25.0000
RMS (Vims) 00737 00737 00301





image195.png
iwjmm

%

IATERAATEATRAII]

z

uuuuuuuuuuuu




image196.png
el | LU

ATHEE L IR AR DARMTE

1]

yyyyyyyyyyyy





image197.png
AR AR TR TRRRTTRANTARAR

<m0

2% 20 0 g

uuuuuuuuuuu

0





image198.png
—Demod

E]

uuuuuuuuuuuuu

AT=200.0000 90068 ©




image199.png
ESTIMATION  MEASUREMENTS

trum (] MaxcHold Trac

[ Min Hold Tra

038

056

Watts

0.4

02

AR AR AN AN AN NRR RN RN NN R AR R AN AR ANAANRA

Frequency (Hz)

120

snro P P2 B Ps
Frequency (Hz) -10.0000 10.0000 25,0000 -25.0000
Power (Watts) 00054 00054 00009 0.0009





image11.png




image200.png
ESTMATION  MEASUREMENTS

0.28)

0.24

0.2

0.16|

0.12]

Watts

0.08]

0.04]

ST TR

Frequency (Hz)

snRo Pt P2 B ps

o

Frequency (Hz) -100000 10,0000 25,0000 -25.0000
Power (Watts) 00054 00054 00009 0.0009





image201.png
ESTIMATION  MEASUREMENTS

trum (] MaxcHold Trac

[ Min Hold Tra

— SNRO

0.08|

0.06|

0.04]

0.02]

Watts

P1 P2
P4 P3
0

0.02]

0,04

30 20 10 0 10 20 30 40

Frequency (Hz)

Frequency (Hz) 10,0000 10.0000

25,0000 25,0000
Pover (Watts) 0.0054 0.0054

0.0009 0.0009





image202.png
——Message

0057

0054

0051+

0048

00ss-

o022

o3

o035

0033

003

o027

o024

o021~

oot

0015+

ootz

0008

0006

003

w0

2%

Froquoncy (Hz)

o

%





image203.png
——Carer

WattsiHz,

015

a

Frequency (kHz)





image204.png
WattstHz

Froquency (kHz)





image205.png
T

toppe AT=2 s Samples/Update=1000 VBW=88.4194 mHz RBW=5.0000 Hz Sam H





image206.png
ESTIMATION  MEASUREMENTS

0.18-

0.15-

0120

Watts/Hz

0.09-
0.06-

0.03-

T

LU

30 0 120

Frequency (Hz)

swwo B v v v
Frequency (Hz) 100000 100000 250000 250000
Power Density (Watts/Hz) 00011 00011 00002 00002





image207.png
ESTIMATION  MEASUREMENTS

021+

0.18-

0.15-

0.12F

Watts/Hz

0.00-
0.06-

0.03-

ARARRAANRANNRRNNRAANN AR NNAANRRN NN NN RN NRRARD

Frequency (Hz)

°

snro B v B
Frequency (Hz) 10.0000 10.0000
) 00011

Ps

25,0000 25,0000
00011 0.0002 0.0002





image208.png
ESTIMATION  MEASUREMENTS

0.02,
0.01
P4 1 Frequency (Hz) 10. 000 P2 P3
o v Power Density (Watts/Hz): 0.0011

i -0.01
@
k]
= -0.02

-0.03|

-0.04]

-0.05|

0085 20 ED 0 10 20 30

Frequency (Hz)
Bl P2 B Ps
Frequency (Hz) 100000 10,0000 25.0000 25,0000
00011 00002 00002

Power Density (Watts/Hz) 00011





image12.png
T T

AN

N4 NS N/

NN NN ANV
i \ N / \_ / \ |





image13.png
ESTIMATION  MEASUREMENTS

um ] MaicHold T
[ Min-Hold Tra

AT AR AT R R AARRRATIA \lI LIV

LTV LT

= e

Frequency (Hz)





image14.png
ESTIMATION  MEASUREMENTS

um ] MaicHold T
[ Min Hold Tra

“1HHII\LwH\N!HHH\HH}NH!IIH\HHHHHLWHHHHHIHH LUIIIHHHHHHH m (ARIARERARRRRIA !]\HH\HI]HH\\LMHHHII]\\\\\\NI[[J\\\\\\\\\HHHIH/AF

300 [

Frequency (Hz)





image15.png
ESTIMATION  MEASUREMENTS

ectrum (] MasHold Trace

[ Min-Hold Trace | Reference Loas

07|

om|

0.68|

064

005

.ss|

0052|

004

0044

004

3|

03|

0228

024

ocz

o]

0012

0.00g|

0004

R RN AR NRRRNAANR NN ARRANNRRR NN AR RN RRNNRRRRNRRRRANARARNNRRRANRRRNRAR]
300 200 E

T O T T T T T DT
o0 20 0 0

Frequency (Hz)





image16.png




image17.png
vims

g
Frequency (kHz)





image18.png




image19.png
WattsiHz,

DIll[lNVIWIY\‘LNWIWWJDWWYIINII\L\\I\\ELWIIIIQLIllYln!\

g
Frequency (Hz)





image20.png
ESTIMATION  MEASUREMENTS

um ] MexcHold T

[ Min-Hold Trace





image21.png




image22.png




image23.png
ESTMATON  MEASUREMENTS

ectrum (] Ma-Hold Trace

11 Min-Hold Trace | Reference Load (0]

Watts

A D 0 0 D I

£ E g 30 E] % 5

Frequency (Hz)





image24.png
vims

A A

B E =0 ED T £ W % 5
Frequency (Hz)





image25.png
Watts/Hz

b e





image26.png
o

=3

w0

e

(o

Camer

o

DSBEC batanced

Carmar Ofeet

Mod Product

0 o L

Batancas Mod Prod atrecaver Batanced Demod

Constan for balancad

Dermod Batanced

Constantfor alancadt




image27.png




image28.png
\‘IHIHIHHHII‘UJ}IHIHIHHHI|\

\‘IHHHHHHHL[U|HIHHIHIHHHHHHHHHHHIUlLIHHIHIHIHHH





image29.png
W

[l

00 200

Hz)

e

O





image30.png
40

°1HHHHHHHHMHHHHHHHHI\HHHIHHHIHHLUOIHHIHHHHH}\ \}\HHHHHH\I‘\l\‘\\\\l\\\\\\\\\\‘\ \‘HHHHH\HH\jiﬂ\\l\\l\lHIHHHIHHIHHIHHHHHU\HHHHHHHH





image31.png




image32.png
T

VJW i

«W”W MMM J\JWMMMPMWM i

) /\/\/\/\/\/\/y/\v/\/




image33.png
ESTIMATION  MEASUREMENTS

09-

08

07

06-

Vrms

05- r Y1y
04-
03-
02-
01-

LT L HHHIHHHH |H “H\HIHHIH AN RR AR AN NRR A ARRRANRRAARRRRRANAN)
-2 -100 o 1 200 300

00 00
Frequency (Hz)
DSBSC balanced v v P P

Frequency (Hz) 90.0000 -90.0000 -110.0000 110.0000
) 04991 04991 04991 04991





image34.png
‘HH\HHH\HILH‘ N I H‘

\‘\H\HH\H\HHJLUHIHHHIIHHIHHIH!IHIHHIHU([UHHH\HHHHH





image35.png
ESTIMATION  MEASUREMENTS

cctrum [ MexcHold T rum Unit

(] Min-Hold Trace

e OPTION: u
—Message ——Carrier — DSBSC balanced — Demod Balanced

1
08
0.6/
2
]
=
0.4
P3|P1 P2(P4
0.2
LU R A RRAARARAARIANA BTN T AR Y RRARRRRANRRNRRRRARRRAYARIAYADNARNARY RN RRRARRRRRARARARRAAARTANNDRUNRRRRRRAAANARVARTARYARE ARNUNL RRARRRRARRRARRRRARAAENRVARN RN RRRURRRANRRRARRRAAARDAARARERRTARNRRARRR AR
400 200 0 200 400
Frequency (Hz)
DsasC balanced B v v v
Frequency (Hz) 90.0000 90.0000 110.0000 110.0000

Power (Watts) 02491 02491 02491 0.2491





image36.png
ESTIMATION  MEASUREMENTS

—SNRC —SNRI — SNRO

-120 -9( 0
Frequency (Hz)

snro P P2 P3 Pa

AT T

120

Frequency (Hz) 10.0000 -100000 0.0000 25.0000
RMS (Vims) 04728 04728 00634 00475





image37.png
ESTIMATION  MEASUREMENTS

ectrum C] Masx-Hold Tac
[ Min-Hold Tra

rrion:
—SNRC —SNRI — SNRO

0.28-

024

02-

0.16-

Watts

0.12F

0.08F

0.04

LT

60 30 0 30

ARAANNRARRNANA

120

snro P

P2 Ps Ps
Frequency (Hz) 10.0000 -100000 0.0000 25,0000
Power (Watts) 02237 02237 00040 0.0023





image38.png
ESTIMATION  MEASUREMENTS

um ] MaxcHold Trac
[ Min Hold Tra

—SNRC ——SNRI — SNRO

0.06-

0.05-

0.04

0.03F

Watts/Hz

°
3
8

0.0

P3 P4

RANARAAR N ARARNANARNA ANAARMANNARRAAARARAN

-120 -9 30 [
Frequency (Hz)

120

snro P P2 Ps Ps
Frequency (Hz) 10.0000 -100000 0.0000 25.0000
0.0008 0.0005

Power Density (Watts/Hz) 0.0447 0.0447





image39.png
= ||

Moduiated signal

555 selector

v
g
! | 8|

SSBSC Demod

Product Modulator S2()

90 shifted o)





image40.png




image41.png
I

|

IHHHW\HHHHHHIHHIHIHHHHH\\\\\\\\\HHHIUHHIHIHHW

I

[

200 401





image42.png
M

I

T

HHHIWIHHULU\HH\H\HHHIHHHHHH\HHHULUHIIHHHHHH





image43.png
A HH\HWHHHﬂUHH\|lllIHHIIIHIIIIHIIIIHHIHHHHH\HHH\HHI

400

D‘HIH\H\\\H\\HM\H\HHHHIHlllHl|IIIllllllllllﬂﬂj\llllml\IHH\

rrrrrrrrr (Hz)





image44.png
eer

Saf

Moduated sanal

S8 stackr

SSB5C Damod

s0smed mi)

Produc Hodtor S20)

90 SR cf)

AwGN
Crannal

Bandpass

Bandpass Fiter

RO





image45.png




image46.png
Hmmuyﬂm

ﬂ

|

3

HHHHFNH\\\\\HHHHIHIHIH\HHHHHHHHHHHIUHHIHIHHW

yH(HH‘ﬂHIIHHH

200 401





image47.png
200

HHHHHHIIHMUM\\\\HH\HHHIHIHHHIHH\\ﬂﬂj\l\llmll\\\l\ T H\ I HHHIW\IHHH\HHH\\\\HHHHHIHHHHH\H\HULUHIIHHHHHH





image48.png
P4

|

]

H\HHW\HHMHIHIHHIHHHHIHIHHH\HIHHIU\H\HHHHW

T

401





image49.png
0 i

Frequency (Hz) -100000
00000




image50.png
|

[l

|

i

S A





image51.png
il

I

i

M

A





image52.png




image53.png
Scope a X
5
BT

i e
N





image54.png
vims

“'\LLHHHH\HHIHHLIJHHHH\H\H!HHL\HHIHHIHHI Lﬂl LI Ih IIINARATARE b NIRRT AR AR AR AR

] B T T 30

Frequency (Hz)





image55.png
agl

03

07]

o

03]

Watts

04

03]

02

o4

g
Frequency (kHz)





image56.png
ESTIMATION

MEASUREMENTS

o

[T

—

0

HHILIOWDH[HHHHH\H\MHHHHHHHI\LMHH\HHHH\‘\H‘HHHHHH\HUMHH\H\HHHHIHI]A]HHHH\\HH\HLU\HHH\H]HH

Fo H2)





image57.png
= E

=y

]
-





image58.png
| /W/\/N\Vw T

[ oo |

o , “‘\ . I FaVAY
NN /‘/ SRS A\Va‘ o V4
\




image59.png
i H\ﬂj}g\wn [l

o

| AR R0

o





image60.png
Watts

HLHHHIM‘N

x)uﬂumwﬂmu 111 IHHJUHHHIJOI‘\

\‘\‘LHIHH‘LH\





image61.png
uuuuuuuuuuuu

AT=200.





image62.png
ESTIMATION  MEASUREMENTS

—SNRC ——SNRI — SNRO

0.8

06

Vrms

04

02

=]

\Jﬂumsumuf AR RARRARURHNRURAY

Frequency (Hz)

120

snro P P2 B Ps
Frequency (Hz) -10.0000 10.0000 25,0000 -25.0000
RMS (Vims) 00737 00737 00301 00301





image63.png
ESTIMATION

um (] MaxHold Trac

[ Min Hold Tra

—SNRC ——SNRI — SNRO

038

056

Watts

04

02|

P1 P:

AINRRNRRANRR AR ARRRANRARRR ANRARNRA RN A NRRANRANN

Frequency (Hz)

120

snro P P2 Ps Ps
Frequency (Hz) -10.0000 10.0000 25,0000 -25.0000
Power (Watts) 00054 00054 00009 0.0009





image64.png
ESTIMATION  MEASUREMENTS

—SNRC ——SNRI — SNRO

021+

0.18-

0.15-

0.12-

Watts/Hz

0.00-
0.06-

0.03-

P4 P3

ARNRRRRN MR AR RNARNANRRANNARRNANR AN ANARARNN

< 120
Frequency (Hz)

Frequency (Hz) 10,0000 10.0000 25,0000 25,0000
Power Density (Watts/Hz) 00011 00011 0.0002 0.0002





image65.png
a8 vms

a2 vms

052 v





image66.png
a6vme

048 v

avms

024 vms





image67.png
a72vms

264 vims

a12vms





image68.png
szszsz

2vste

wwwww

:::::

L L L L





image69.png
ovs .

a7z wae .

azwate .





image70.png
davists

a4wate

as2wste

a24wste





image71.png
v E





image72.png




image73.png




image74.png
q

——Message

'\H[!II]}‘Ll\11W!11\\\\\11WLLL[HI]\1111HII]\\L\nl\11\\W[!II]HHLIDLIIHHHHHHH \U

HH\HHH\W!!“LI]HHHHIIH\H\LLNWHIIIH\\HHIM!JHHHHHHHIIILLB

Frequency (Hz)





image75.png
——Garer

vims

°'HHHHLLL\HHHHHHH\HNHHH\HHHH]HLLLHH\HH!HHH\LDLI\HHHHH]\HHLHHHHHHHHH[ulHHHHIIHHHHzl;\WH[IHH\HHIJL\HHHHHHH[I]MB

E

Frequency (Hz)





image76.png
“HHHHLLLHHHH\HHHHH!!![1HHHHH]HLLL\HHHWHHH LY ']\\\\\\\\H\HHLHHHHHHHHI [u’ \\\\\HI‘]111111ngm{!![']H\HHI;AJHHHHHHH[']LLB

E o [

Frequency (Hz)





image77.png
vims.

CLLLLLLLL L LT T m
D 3 200 =100 T

30

Frequency (Hz)

NN NARARARARARARARA)
00 20 0 0





image78.png
Watts

Q'HHHI]LLLHHWH\HHH\LLLHIIHHHHIIH\L\nlmHWHII]HHLIDLII]HHH\HHH LT

Frequency (Hz)





image79.png
Watts

“'\HH[HLLL\HHHHHHHHHWHHHHHHH\DﬂlmHHHHHHHL“LHHHHHHHHHHHHHHHHHH

=300 g

LT

Frequ )





image80.png
\'\H\\'\\'HHH;H'H'\H!H'H"\W\"!H\H'H'H'LL\\H\'H'HH'W’HI

®

sl (LI





image81.png
Watts

O L L L L L L L L L L L L L L LT L
E Ei 0 T 00 20 ] gy

Ty e

Frequency (Hz)





image82.png
WattsiHz,

O A U L T T
) ) B g o0 20 ED aw

Frequency (H)





image83.png
WattsiHz

oo7s|

072

006s|

0064

——

L L T L L T O T L D T L
E 20 g g T

Frequency (Hz)

T T U D T T L
o 20 EQ a0





image84.png
WattsiHz.

o00ts|

012

0008|

0004

o

T T T T D D D L T T T T L D T T T T
00 20 B Q T

Frequency (Hz)

LT O D L T T L
o 0 0 0





image85.png
WattsiHz,

ERRRRNNRRRANNARNARNRRNNRRRANNNRRANNARAANRRRANRARNNRRRRNNARARNNRRRRANARRRRNA]
) ) B

I O T T DT O T T LT
o0 20 D aw

Frequency (Hz)





image86.png
——Carer

vims





image87.png
vims.

L T LT

Froquency (Hz)





image88.png
vims





image89.png
vims.

Froquency (Hz)





