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[bookmark: _Toc152172989]Introduction
This report details an investigation into the effect of noise on Dual Side-band – Suppressed Carrier (DSB-SC) Amplitude Modulation (AM), and Frequency Modulation (FM). For DSB-SC, the effect of critical, over and under modulation and the addition of artificial noise will be investigated. The FM system will have artificial noise added to see the effects on the modulated wave.
The experiments make use of the Simulink package within MATLAB [1], used for modelling systems and analysing results. It uses both a global and customizable block library set. The noise will be added using the Additive White Gaussian Noise (AWGN) block, which creates random interference throughout the signal  [2].
[bookmark: _Toc152172990]Background Research and Literature Review
DSB-SC is a type of transmission which produces symmetrical frequencies above (Upper sideband) and below (Lower sideband) the frequency of the carrier signal. This carrier signal is then suppressed, leaving the two sidebands  [3].
Wave Modulation is the encoding of a message signal onto a carrier wave to be transmitted over air. In this report, the message signal is a piece of audio or analogue sinewave signal. When the two signals are combined for AM, the resulting waveform varies in amplitude, seen in Figure 1 below  [4], the simplest version being On-Off Keying [5]. AM is generally used for short-range, low-frequency applications, due to its susceptibility to noise error, such as AM radio stations [4], smart devices in a home  [6], and the video portion of a TV signal  [7].[bookmark: _Ref148949078][bookmark: _Toc152173031]Figure 1: Amplitude Modulation Diagram

FM varies the frequency to represent the original message signal  [7], as seen overleaf in Figure 2  [4]. In its simplest form, FM modulation can be achieved by creating a small inductor-capacitor circuit and varying the capacitance. Commonly used in FM radio stations, radar, two-way mobile radios  [4], and as the audio part of a TV signal.[bookmark: _Ref148949045][bookmark: _Toc152173032]Figure 2: FM Modulation Diagram

Noise is unwanted interference from internal or external sources that affect the signal. Internal noise is caused by the components in the circuit itself functioning. External noise can come from atmospheric changes, background radiation, or lightning among others [8]. It requires communications circuits to have additional filtering steps to remove the noise and recover the message signal. Signal to Noise Ratio (SNR) is the ratio of the desired signal, to the undesired noise [9], demonstrated in Equation 1 below. 

[bookmark: _Ref149135450][bookmark: _Toc152173068]Equation 1: Basic SNR Equation
A Figure of Merit (FOM) is a measured quantity used to determine the performance of a system or device under test to determine its suitability for the application [10]. Regarding SNR, a FOM is the difference in the output SNR over the channel SNR. The equations for which are below  [11].
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[bookmark: _Toc152173069]Equation 2:DSB-SC Channel SNR 
	

[bookmark: _Toc152173070]Equation 3: FM Channel SNR
	











	

[bookmark: _Ref151471906][bookmark: _Toc152173071]Equation 4: DSB-SC Output SNR
	


[bookmark: _Toc152173072]Equation 5: Output SNR for FM
	

	

[bookmark: _Ref151471905][bookmark: _Toc152173073]Equation 6: DSB-SC Figure of Merit
	

[bookmark: _Toc152173074]Equation 7: FM Figure of Merit
	


[bookmark: _Toc152172991]Circuit Designs
[bookmark: _Toc152172992]Task 1
The modulation index is 0.5. The formulas below in Equation 8 are used to design the system, ωc in this case being 10KHz and ωm being 1KHz. Seen below in Figure 3  [3].[bookmark: _Ref148526844][bookmark: _Toc152173033]Figure 3: Task 1 Circuit Diagram




[bookmark: _Ref148527008][bookmark: _Toc152173075]Equation 8: Formula for Carrier, Message and Signal with Regards to Time
[bookmark: _Toc152172993]Task 2
Figure 4 below uses a sinewave input. The message signal is 2Hz, carrier 20Hz and, again, the modulation index is 0.5. This system can be written as below in Equation 9  [3].


[bookmark: _Ref149141691][bookmark: _Toc152173076]Equation 9: Balanced Modulator Upper (s1) and Lower (s2) Modulator Equations
Figure 5 below uses an audio file as input. The message signal is 8000Hz, the carrier 20000Hz and the modulation index 0.5.[bookmark: _Ref148527312][bookmark: _Toc152173034]Figure 4: Task 2 Circuit Diagram

[bookmark: _Ref149136032][bookmark: _Toc152173035]Figure 5: Balanced Modulator with Audio Signal Input





[bookmark: _Toc152172994]Task 3
Figure 6 below, the message signal is 2Hz and carrier 10Hz.

[bookmark: _Ref149135944][bookmark: _Toc152173077]Equation 10: FM Equation  [3]
[bookmark: _Ref149048713][bookmark: _Toc152173036]Figure 6: FM Modulator Diagram with Sine Wave Input

Figure 7 uses an audio file as input. The message signal is 8000Hz, the carrier 60000Hz.[bookmark: _Ref152168503][bookmark: _Toc152173037]Figure 7: FM Modulator with Audio Input



[bookmark: _Toc152172995]Block Diagrams
Task 1[bookmark: _Toc152173038]Figure 8: Switching AM Modulator

AM Modulator  [12] and Demodulator  [13].
[bookmark: _Toc152173039]Figure 9: Envelope Detector for AM Demodulation


Task 2[bookmark: _Toc152173040]Figure 10: Balanced Modulator Block Diagram

Balanced Modulator  [14] and Demodulator  [15].[bookmark: _Toc152173041]Figure 11: DSBDC Demodulator Block Diagram


[bookmark: _Toc152172998]Task 3
[bookmark: _Toc152173042]Figure 12: FM Modulator Block Diagram

FM Modulator  [16] and Demodulator  [17].[bookmark: _Toc152173043]Figure 13: FM Demodulator Block Diagram



[bookmark: _Toc152172999]Transmitter and Receiver Architectures
[bookmark: _Toc152173000]Transmission – AM
In AM systems the message signal enters a preamplifier to boost the signal before modulation, it is mixed with a carrier signal created by the RF oscillator. Finally, this modulated signal is sent through a power amplifier to increase the signal strength to transmit the signal over large distances by the antenna. The block diagram of which is below in Figure 14 [18].[bookmark: _Ref151714975][bookmark: _Toc152173044]Figure 14: AM Transmitter


[bookmark: _Toc152173001]Transmission – FM
The FM systems first stage is a preamplifier to boost the original message signal, before a high pass filter to filter out noise and increase the SNR. This signal enters the FM modulator where it is mixed with the carrier signal from the oscillator, before entering a frequency multiplier to increase the frequency further ahead of transmission. Finally, this signal is increased in power by the power amplifier before being passed to the antenna for transmission. The block diagram of which is below in Figure 15 [18].[bookmark: _Ref151715323][bookmark: _Toc152173045]Figure 15: FM Transmitter

[bookmark: _Toc152173002]Receiver – AM
The antenna receives the signal and passes it to the RF Tuner which is simply a resonant circuit of inductors and capacitors, selecting the desired frequency. This frequency is passed into the RF-IF Converter and mixed with a frequency from a local oscillator, creating an intermediate frequency (IF). The next stage is an IF filter that only allows the IF from the previous stage through, removing unwanted signals. This IF enters the AM demodulator where an envelope detector is used to capture the signal. Finally, the signal enters an audio amplifier to increase the amplitude of the demodulated signal before passing it to the loudspeaker or audio output. The block diagram of which is below in Figure 16  [19].[bookmark: _Ref151718548][bookmark: _Toc152173046]Figure 16: AM Receiver


[bookmark: _Toc152173003]Receiver – FM
An FM receiver works the same as AM until the IF filter, where the signal enters an Amplitude Limiter instead of demodulator. This amplitude limiter removes unwanted peaks of amplitude (noise) and keeps the amplitude of the signal constant. This limited signal is demodulated and passed into a de-emphasis network, or low pass filter to filter the signal and improve the SNR. This signal enters the audio amplifier before finally reaching the loudspeaker or output device. The block diagram of which is below in Figure 17 [19].[bookmark: _Ref151719069][bookmark: _Toc152173047]Figure 17: FM Receiver

[bookmark: _Toc152173004]Simulated Outputs and Results
Task 1[bookmark: _Ref148527874][bookmark: _Toc152173048]Figure 18: Task 1 Scope Output with Critical Modulation

Critical Modulation.[bookmark: _Ref148529962][bookmark: _Toc152173049]Figure 19: Task 1 Spectrum Analyser Output with Critical Modulation




[bookmark: _Ref148527871][bookmark: _Toc152173050]Figure 20: Task 1 Scope Output with Under Modulation

Under Modulation.
[bookmark: _Ref148529965][bookmark: _Toc152173051]Figure 21: Task 1 Spectrum Analyser Output with Under Modulation




Over Modulation.[bookmark: _Ref148527875][bookmark: _Toc152173052]Figure 22: Task 1 Scope Output with Over Modulation


[bookmark: _Ref148529964][bookmark: _Toc152173053]Figure 23: Task 1 Spectrum Analyser Output with Over Modulation

[bookmark: _Toc152173006]Task 2
[bookmark: _Toc152173007](a)
Figure 24 and Figure 25 below show the output of the digital oscilloscope and spectrum for task 2 (a).[bookmark: _Ref148967764][bookmark: _Toc152173054]Figure 24: Balanced Modulator Output

[bookmark: _Ref152157893][bookmark: _Toc152173055]Figure 25: Spectrum Analyser Response with Sine Wave



[bookmark: _Toc152173008](b)
Figure 28 and Figure 27 below show a modulated and demodulated audio signal. 
[bookmark: _Ref149057022][bookmark: _Toc152173056]Figure 26: Oscilloscope Output for Task 2 with Audio

[bookmark: _Ref152169495][bookmark: _Toc152173057]Figure 27: Spectrum Analyser Response with Audio File



[bookmark: _Toc152173009](c)
Figure 28 and Figure 29 below show the output of the audio file with added noise.[bookmark: _Ref149211281][bookmark: _Toc152173058]Figure 28: Oscilloscope Output for Task 2 with Audio at -10 SNR


[bookmark: _Ref152169536][bookmark: _Toc152173059]Figure 29: Spectrum Analyser Response at -10dB SNR

[bookmark: _Toc152173010]Task 3
(a)[bookmark: _Ref149054093][bookmark: _Toc152173060]Figure 30: FM Modulator Output with Sine Wave Input

Figure 30 above and Figure 31 below show the output for FM using a sine wave.[bookmark: _Ref151388382][bookmark: _Toc152173061]Figure 31: Spectrum Analyser Response for FM



[bookmark: _Toc152173012](b)
Figure 32 and Figure 33 is the FM output with +100dB SNR.[bookmark: _Ref149822766][bookmark: _Toc152173062]Figure 32: FM Modulation Output with +100dB  SNR

[bookmark: _Ref152169735][bookmark: _Toc152173063]Figure 33: Spectrum Analyser Response for FM with +100dB  SNR



[bookmark: _Toc152173013](c)
Figure 34 and Figure 35 have an SNR of +20dB.[bookmark: _Ref149818996][bookmark: _Toc152173064]Figure 34: FM Modulation Output at +20dB SNR

[bookmark: _Ref152169755][bookmark: _Toc152173065]Figure 35: Spectrum Analyser Response for FM with +20 SNR



Figure 36 and Figure 37 have an SNR of +10dB and 0dB respectively. 
[bookmark: _Ref149819001][bookmark: _Toc152173066]Figure 36: FM Modulation Output at +10dB SNR
[bookmark: _Ref149819000][bookmark: _Toc152173067]Figure 37: FM Modulation Output at 0dB SNR

[bookmark: _Toc152173014]Results Analysis
[bookmark: _Toc152173015]Task 1
[bookmark: _Toc152173016](a.ii)
Figure 20 is the outputted signal from an AM system and Figure 21 the frequency response. The modulation index was 0.5, resulting in under modulation. The message signal is 1KHz and the carrier 10KHz. It can be seen from Figure 20 that whilst the resultant demodulated signal is the same in frequency and time, the amplitude is much lower, measuring less than half the power of the original signal, due to under modulation and loss in the circuit.
[bookmark: _Toc152173017](a.ii)
Over Modulation is a modulation index of over 1, under is under 1, and critical modulation an index of 1. Figure 18, Figure 20, and Figure 22 from the previous section show the oscilloscope output for each modulation index. An under modulation of 0.5 (Figure 20) is seen to produce a received signal that has under half the amplitude of the message signal, and an over modulation of 2 is shown to produce a received signal greater than the message signal, which is likely to be clipped or distorted. Lastly, critical modulation is shown to produce the closest recreation of the message signal. 
Figure 19, Figure 21, and Figure 23 show the frequency response of the circuit using the digital spectrum analyser. It is shown that during under modulation the frequency response is around 5dB lower than the two side bands, and around 5dB higher than the side bands during over modulation. Critical modulation produces sidebands of the same amplitude as the centre response.
[bookmark: _Toc152173018](b)
Taking critical modulation, as it produces the closest recreation of the original message signal, the demodulated signal is seen to be an accurate recreation of the original, both in frequency and time domain. However, the signal has just under half the amplitude of the original message due to loss in the circuit. This can be rectified by adding gain blocks to increase the amplitude of the received signal. However, this could also amplify any remaining noise not removed by the filter.


[bookmark: _Toc152173019]Task 2
[bookmark: _Toc152173020](a)
This task investigated a Balanced Modulator with a modulation index of 0.5, the circuit diagram of which can be seen in Figure 4 and Figure 5. Figure 24 shows the output of the circuit on a digital oscilloscope, it can be observed that the carrier wave and message signal combine into a single wave of the same frequency of the carrier. However, the amplitude of the message signal when multiplied by a copy of the carrier wave and filtered, produces a copy of the message signal in time and frequency, but lower amplitude. This is due to loss over the circuit, and the modulation index being 0.5, causing under modulation.
[bookmark: _Toc152173021](b)
Part (b) of task 2 used an audio file in place of a sine wave, again the modulation index is 0.5, resulting in under modulation and much lower amplitude at the receiver. Figure 26 shows the outputted signal with the audio file. As can be observed, the frequency of the outputted demodulated wave is the same as that of the input or message signal and a direct copy of the message signal.
[bookmark: _Toc152173022](c)
Finally, for part (c), the circuit had noise added through the AWGN block, Figure 28 is the output with this added noise. As can be seen there is high levels of interference, and the outputted audio file features a heavy amount of noise. However, the original audio is still audible, despite this noise. When the noise level is increased by lowering the SNR, the audio loses its clarity and becomes distorted by.
This task shows how susceptible AM is to noise. Noise is variations in amplitude, therefore when applied to a system that relies on the variation of amplitude to convey information, it is very easy for the original message to be lost or distorted due to noise.
The SNR calculations [11] for task 2 can be found below, along with the FOM. As can be seen, the FOM for this system is 1, which means that it is fit for the purpose of modulating and demodulating an audio signal accurately.



[bookmark: _Toc152173078]Equation 11: Output and Channel SNR Equations for Task 2


[bookmark: _Toc152173079]Equation 12: SNR Figure of Merit for Task 2



[bookmark: _Toc152173023]Task 3
[bookmark: _Toc152173024](a) 
An FM system was created that modulated and demodulated a sine wave input, the results of which can be seen in Figure 30 previously. As seen in the figure, the frequency of the modulated signal varies with the amplitude of the message signal, with a lower frequency substituting for the negative swing of the original sine wave. The demodulated signal is observed to match the message signal in both time and frequency.
[bookmark: _Toc152173025](b)
Part (b) used the inbuilt FM Modulator and Demodulator Baseband blocks within MATLAB to modulate and then demodulate an audio signal. As can be seen in Figure 32 previously, the received and demodulated signal can be seen to be a copy of the starting message signal in both frequency and time domain. However, the received signal is of lower amplitude due to loss over the circuit. Although FM is slightly less susceptible to noise than AM, an FM system still requires a high SNR to function accurately.
[bookmark: _Toc152173026](c)
As with task 2 part (c) a random noise generator was added into the circuit. It can be seen in Figure 36 and Figure 37 that the added noise makes a noticeable difference to the received signal, completely overwhelming the original message signal in Figure 37. However, in both instances most of the noise can be filtered out, resulting in a barely audible message signal with a high amount of audio static.
The SNR calculations  [11] and FOM for task 3 are found below. The FOM for the designed FM system is ~3.5, which shows that the system is able to be used for the purpose of modulating and demodulating an FM signal. However, it could be better, as the ideal figure is 1.



[bookmark: _Toc152173080]Equation 13: Pre-Detection or Reference SNR and Post-Detection SNR for FM

[bookmark: _Toc152173081]Equation 14: SNR Figure of Merit for FM Systems



[bookmark: _Toc152173027]Conclusion
In conclusion, as demonstrated in this report, noise has an immediate and detrimental effect on the modulation systems investigated. Particularly AM due to it and noise being amplitude based. A good SNR is considered to be higher than +10dB and, as can be seen in Figure 36 and Figure 37, dropping from +10dB SNR to 0dB SNR causes a significant drop in quality and the received signal being almost entirely overwhelmed.
As can be seen in the FOM for the systems, the DSB-SC system is appropriately designed and fit for purpose, with a FOM of 1, whilst the FM system has a FOM of ~3.5, demonstrating that the designed system has some flaws, but is able to modulate and demodulate the signal accordingly.
[bookmark: _Toc152173028]Recommendations on Future Work
It is recommended that in the future the effect of gain in counteracting the effects of noise on the circuit should be explored. Topics such as what is the minimum filtering or amplification needed to produce a stable signal at a low SNR, and how to get the most accurate demodulated signal should be investigated.
Another topic of exploration is investigating Phase Modulation, to investigate all types of analogue modulation. Alongside this, comparisons could be made to determine which of the modulation techniques is the most, or least susceptible to noise, and which produces the cleanest output with the lowest SNR.


[bookmark: _Toc152173029]References
[1] [bookmark: _Hlk149225202][bookmark: _Hlk152170856]IEEE.org. Simulink tutorial [Online]. Available: https://ewh.ieee.org/r1/ct/sps/PDF/MATLAB/chapter8.pdf.
[2] [bookmark: _Hlk149225178]Mathworks. awgn [Online]. Available: https://uk.mathworks.com/help/comm/ref/awgn.html.
[3] Prince-Deveraj, J. RF_Lecture 3 - Types of Amplitude Modulation [PowerPoint] Available: https://moodle.uwtsd.ac.uk/course/view.php?id=11697
[4] Frenzel L. E. "Chapter 7 - radio/wireless: The invisible cables of modern electronics," in Electronics Explained (Second Edition), Ed. 2018, [Online] Available: https://www.sciencedirect.com/science/article/pii/B9780128116418000072. DOI: 10.1016/B978-0-12-811641-8.00007-2.
[5] National Instruments. On-Off Keying (OOK). Available: https://www.ni.com/docs.
[6] Analog Devices. I'm OOK. you're OOK? [Online]. Available: https://www.analog.com/en/technical-articles/im-ook-youre-ook.html.
[7] Plonus, M. "9 - digital systems," in Electronics and Communications for Scientists and Engineers (Second Edition), Ed. 2020, [Online] Available: https://www.sciencedirect.com/science/article/pii/B9780128170083000097. DOI: 10.1016/B978-0-12-817008-3.00009-7.
[8] Prince-Deveraj, J. RF_Lecture 8 - Noise in Analogue Comms [PowerPoint] Available: https://moodle.uwtsd.ac.uk/course/view.php?id=11697
[9] What is Signal to Noise Ratio and How to calculate it?. [Online] Available: https://resources.pcb.cadence.com/blog/2020-what-is-signal-to-noise-ratio-and-how-to-calculate-it.
[10] Olivieri, A.C. Escandar, G.M. "Chapter 6 - analytical figures of merit," in Practical Three-Way Calibration, Eds. 2014, [Online] Available: https://www.sciencedirect.com/science/article/pii/B9780124104082000065. DOI: 10.1016/B978-0-12-410408-2.00006-5.
[11] Tutorials Point. Analog Communication - SNR Calculations. [Online] Available: https://www.tutorialspoint.com/analog_communication/analog_communication_snr_calculations.htm.
[12] Tutorials Point. Analog Communication - AM Modulators. [Online] Available: https://www.tutorialspoint.com/analog_communication/analog_communication_am_modulators.htm.
[13] Tutorials Point. Analog Communication - AM Demodulators. [Online] Available: https://www.tutorialspoint.com/analog_communication/analog_communication_am_demodulators.htm.
[14] Tutorials Point. Analog Communication - DSBSC Modulators. [Online] Available: https://www.tutorialspoint.com/analog_communication/analog_communication_dsbsc_modulators.htm.
[15] Tutorials Point. DSBSC Demodulators. A[Online] vailable: https://www.tutorialspoint.com/analog_communication/analog_communication_dsbsc_demodulators.htm.
[16] Tutorials Point. Analog Communication - FM Modulators. [Online] Available: https://www.tutorialspoint.com/analog_communication/analog_communication_fm_modulators.htm.


[bookmark: _Toc152173030]Bibliography
[1] Haykin, S. Moher, M. Introduction to Analogue and Digital Communications, 2nd ed. Hoboken, N.J: Wiley, 2007.




image56.png




image31.png
———Modulated + Nose - Message+ - Output

100,

200

W

00

a00)

500

Output P P2 ) s
Freauency (2) 100006+ 1000082 4000062 4000002
Power (a0W) s162450 “at626e:0 21560641 216001





image58.png
———Modulated + Nose - Message+ - Output

100,

200

W

00

a00)

500

Output P P2 ) s
Freauency (2) 100006+ 1000082 4000062 4000002
Power (a0W) s162450 “at626e:0 21560641 216001





image32.PNG
// =—= \Alw 4
L E— — N
] AHHU /V = ~
— =
—_ =
_— — || = . —
// — mw .
[ MHUV — q
] I——— = = ~
= 2 B
L ] :
L e = 5
// =— AWW
nHH — E i
L — AHHH /Vv = ~
= =
\ mmv ] : i
L] AH”U /V ~
// = o
— — 2 o
| — AHHU = = ~
= = B
L] AH”U /V ~
// = .
i = s o
— — AU”H = = ~
— =
L — i
— AHHU /V ~
// == i
| — — = = q
L [ = = ~
— =
T B
_— — | = ¥ ~
// — — i
\ HHV 5| :
] A‘IU = = ~
— = B
L — : i
] AHHU /v E ~
// = ]
L e = : g
e MH”U = = ~
== T
I = o
| — A”UH = E ~
// = ]
— AM\H\\;V 7 . N
L—T AH”U /V = ~
e = B
E— = o
" — AH\!UH = E ~
// — ]
L E— — g
] AHHV /V = N
= =
= ﬂhw





image60.png
// =—= \Alw 4
L E— — N
] AHHU /V = ~
— =
—_ =
_— — || = . —
// — mw .
[ MHUV — q
] I——— = = ~
= 2 B
L ] :
L e = 5
// =— AWW
nHH — E i
L — AHHH /Vv = ~
= =
\ mmv ] : i
L] AH”U /V ~
// = o
— — 2 o
| — AHHU = = ~
= = B
L] AH”U /V ~
// = .
i = s o
— — AU”H = = ~
— =
L — i
— AHHU /V ~
// == i
| — — = = q
L [ = = ~
— =
T B
_— — | = ¥ ~
// — — i
\ HHV 5| :
] A‘IU = = ~
— = B
L — : i
] AHHU /v E ~
// = ]
L e = : g
e MH”U = = ~
== T
I = o
| — A”UH = E ~
// = ]
— AM\H\\;V 7 . N
L—T AH”U /V = ~
e = B
E— = o
" — AH\!UH = E ~
// — ]
L E— — g
] AHHV /V = N
= =
= ﬂhw





image33.png




image62.png




image34.png
d | | | | | | |

| I I I I I I I
q

L L L L L L L L

I T T T T T T

| L | | | L |

I T T T T T T
00
o000

[ | | | | | |

o= f f f f T T T =





image35.png
d | | | | | | |

| I I I I I I I
q

L L L L L L L L

I T T T T T T

| L | | | L |

I T T T T T T
00
o000

[ | | | | | |

o= f f f f T T T =





image37.PNG
Message Output Modulated Modulated + Noise

400~ B

360 |- B

320 4

280 4

240 4

200 - 4

vrms.

160 .
120 q 4

80 -

a0 4

I I I I I I | I
-4 3 E E] ) 1 2 3
Frequency (kHz)

P2 P3

.0000e+0 1.9531e+1 -19531e+1
37688e+2 2.6849e+1 2.6849e+1





image39.png
Message Output Modulated Modulated + Noise

400~ B

360 |- B

320 4

280 4

240 4

200 - 4

vrms.

160 .
120 q 4

80 -

a0 4

I I I I I I | I
-4 3 E E] ) 1 2 3
Frequency (kHz)

P2 P3

.0000e+0 1.9531e+1 -19531e+1
37688e+2 2.6849e+1 2.6849e+1





image41.png




image68.png




image43.PNG
Message Output Modulated Modulated + Noise:

400 T T =

360 |- B

320 4

280 4

240 4

200 4

vrms.

160 .

120 -

a0 4

E E] 0 1 2 3
Frequency (kHz)

Message P1 P2 P3
Frequency (Hz) 0.0000e+0 1.9531e+1 -1.9531e+1

RMS (Vrms) 37688e+2 2.6849e+1 2.6849e+1





image70.png
Message Output Modulated Modulated + Noise:

400 T T =

360 |- B

320 4

280 4

240 4

200 4

vrms.

160 .

120 -

a0 4

E E] 0 1 2 3
Frequency (kHz)

Message P1 P2 P3
Frequency (Hz) 0.0000e+0 1.9531e+1 -1.9531e+1

RMS (Vrms) 37688e+2 2.6849e+1 2.6849e+1





image45.PNG
600

400|

200

2000

2000

2000

2000

40|





image72.png
600

400|

200

2000

2000

2000

2000

40|





image47.PNG
600

400|

200

2000

2000

2000

2000

40|





image74.png
600

400|

200

2000

2000

2000

2000

40|





image1.jpg
Sine wave
info signal

Constant- i
amplitude, constant-
irequency carrier

Envelope is formed by the
carrer peaks and is identical
o the shape of




image2.jpeg
Sine wave
info signal

Constant- i
amplitude, constant-
irequency carrier

Envelope is formed by the
carrer peaks and is identical
o the shape of




image2.jpg
Highest frequency

on positive peak

M Lowest frequency
signal on negative peak




image4.jpeg
Highest frequency

on positive peak

M Lowest frequency
signal on negative peak




image3.PNG
B

] >
] >
\ [
I )
n, i
oft)
- > Ts:1/1024
Carrier
1
butter
S
] \
:
»| [ 1—»! > > Ts:1/1024 —P‘
— >
Output
0.5
Modulation Index
- - > Ts:1/1024
Message

v

m(t)





image6.png
B

] >
] >
\ [
I )
n, i
oft)
- > Ts:1/1024
Carrier
1
butter
S
] \
:
»| [ 1—»! > > Ts:1/1024 —P‘
— >
Output
0.5
Modulation Index
- - > Ts:1/1024
Message

v

m(t)





image4.png
]

butter

s 11000 |
Ts:1/1000

Message+

L.

[ 11000 |
b Tetri000

Output

[ w1000}

i

Ts:1/1000

Carrier

1/1000

Message-





image8.png
]

butter

s 11000 |
Ts:1/1000

Message+

L.

[ 11000 |
b Tetri000

Output

[ w1000}

i

Ts:1/1000

Carrier

1/1000

Message-





image5.png
aspase_ 8000,

26000 . 6 5.

Raa i

oo

e

i

pr——

Tl

Audo
Oscitor

Granvel

T 1720000

o

Auto
Osclaor





image10.png
aspase_ 8000,

26000 . 6 5.

Raa i

oo

e

i

pr——

Tl

Audo
Oscitor

Granvel

T 1720000

o

Auto
Osclaor





image7.png
fom Sk ROy

£ is the carrier Froquency
kel the frequency sensitivity
m(t)is the message signal

il by S B IRy S (t) AC COS 01 (t)

_ oo
=
2, = 20O

a




image12.png
fom Sk ROy

£ is the carrier Froquency
kel the frequency sensitivity
m(t)is the message signal

il by S B IRy S (t) AC COS 01 (t)

_ oo
=
2, = 20O

a




image9.png
s(t) = Accosb; (t)

b )

T R———
o andangie 0,6) 35

™

fthe Modulating signalis m(6) = A cos 21/ hen the equation of M wave
willbe

SO o 20f 4 2 Aeon 2]

S0 (Cos 2L+ 27k | Acos 2t ] ()

S@=AcCos [nfit + 2w 423 sinnf ]

SO =AcCos nf + B sinnf >0

Whers i the Modulaton Index of VI and 8 s the fregiency deviation and sthe
product of A and by

of oo
L e |





image14.png
s(t) = Accosb; (t)

b )

T R———
o andangie 0,6) 35

™

fthe Modulating signalis m(6) = A cos 21/ hen the equation of M wave
willbe

SO o 20f 4 2 Aeon 2]

S0 (Cos 2L+ 27k | Acos 2t ] ()

S@=AcCos [nfit + 2w 423 sinnf ]

SO =AcCos nf + B sinnf >0

Whers i the Modulaton Index of VI and 8 s the fregiency deviation and sthe
product of A and by

of oo
L e |





image10.jpg
m(t) + Vy(t)

i

c(t) =A.cos2rf.t)

Switching
Diode

Va(t)

Band
Pass

>

Filter

s(t)
>




image16.jpeg
m(t) + Vy(t)

i

c(t) =A.cos2rf.t)

Switching
Diode

Va(t)

Band
Pass

>

Filter

s(t)
>




image11.jpg
AM wave

Diode

Low

Demodulated
output

>

Pass
Filter

>




image18.jpeg
AM wave

Diode

Low

Demodulated
output

>

Pass
Filter

>




image12.jpg
m(t)

Local
Oscillator |

-m(t)

AM
Modulator

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

s1(t)

AM
Modulator

s2(t)





image20.jpeg
m(t)

Local
Oscillator |

-m(t)

AM
Modulator

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

s1(t)

AM
Modulator

s2(t)





image13.jpg
s(t v(t Low v,(t)
D) o O pess
DSBSC wave SR Filter |Demodulated

output

c(t) = A.cos(2nf .t + 0)

Local
Oscillator





image22.jpeg
s(t v(t Low v,(t)
D) o O pess
DSBSC wave SR Filter |Demodulated

output

c(t) = A.cos(2nf .t + 0)

Local
Oscillator





image14.jpg
Integrator

m(t)

Product
Modulator

2mky

A, sin(2rf0)

-90° Phase
Shifter

A, cos(2mft)




image24.jpeg
Integrator

m(t)

Product
Modulator

2mky

A, sin(2rf0)

-90° Phase
Shifter

A, cos(2mft)




image15.jpg
FM wave

Demodulated

Differentiator

Envelope
Detector

output
—





image26.jpeg
FM wave

Demodulated

Differentiator

Envelope
Detector

output
—





image16.jpg
xtA

Antenna
Audio
=lgnal Pre AM Power
” Amplifier Modulator > Amplifier
RF

Oscillator





image28.jpeg
xtA

Antenna
Audio
=lgnal Pre AM Power
” Amplifier Modulator > Amplifier
RF

Oscillator





image17.jpg
Audio
Signal

pre
ampiier ——*| HPF
1
Modulator
o —
Oscllator,

Frequency
Hultiper

Power

T“

Amplifier





image30.jpeg
Audio
Signal

pre
ampiier ——*| HPF
1
Modulator
o —
Oscllator,

Frequency
Hultiper

Power

T“

Amplifier





image18.jpg
W

T Antenna
RF-IF
RF Tuner .
Section »| Converter| » IF Filter
(Mixer)

l

Audio AM

Amplifier Demodulator
A Audio
— output
~
Loud

Speaker




image32.jpeg
W

T Antenna
RF-IF
RF Tuner .
Section »| Converter| » IF Filter
(Mixer)

l

Audio AM

Amplifier Demodulator
A Audio
— output
~
Loud

Speaker




image19.jpg
W

TAntenna
RF Tuner

l

Audio

Amplifier

:ﬂ/"
ey
~

Loud
Speaker

Be IF Filt
Section * Conyerter i =
(Mixer)
De-emphasis FM Amplitude
Network  [—] Demodulator Limiter

Audio
Output





image34.jpeg
W

TAntenna
RF Tuner

l

Audio

Amplifier

:ﬂ/"
ey
~

Loud
Speaker

Be IF Filt
Section * Conyerter i =
(Mixer)
De-emphasis FM Amplitude
Network  [—] Demodulator Limiter

Audio
Output





image20.PNG
AANAAANADNANAANANANAAANAANANANAANANAANAANANAANAAAANA

NAANANAN
ANANANANANANANANANAWANANA! \/\I\/\ll\ AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN ANANANANANANANARANANA

VR AR R ARV AR R AR R AR AR AR R AR R AT AR AR A ARV IR RV RTATRVRIATEVRTATRYRYAA!
VYUYV UV VVVVVYVYVVVVV VeV VYV VYV VYV VYVYVYVVVYVVVYVYVYVYVYVYVVYVYVYY

ANAANAANANANANAAANNAADNANAANANAANAAAANANANAANANAANANAANA DA

NAAANANA
ANANANANANANANANANANANANANANARANAWA \/\\HIH\ AN AN AN AN AN AN AN AN AN AN AN AN ANAN AN AN ANANANANANARANARANANA!

VR AR R ARV AR R AT AR AR AR AR R AR R AT AR AR R A ARV ARV RTATRVRIATEVRTATRYRYAA!
VYV VUV VY VYV VYV VVVVYVYVYVVYVVYVVUVVYVVYYVYVVVYVYVVVYVYVVVYVYVVVY

AL

ANNANANANANANANANANAANNANANANANNANANANANANANANANANAANANANNANNANNAND
A A A A A A A AN A A A A A A AN A AN AN AN A N AN A AN AN AN AN AN AN A AN AN AN AN AN AN AN AN AN AN AN ANAWANANANANA

LA A L
VVVYVVVVVVVVVVYVVVVYVVVVVVYVYVVVVYVVVVVVVVVYVVVVYVVVVVYVVY





image36.png
AANAAANADNANAANANANAAANAANANANAANANAANAANANAANAAAANA

NAANANAN
ANANANANANANANANANAWANANA! \/\I\/\ll\ AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN ANANANANANANANARANANA

VR AR R ARV AR R AR R AR AR AR R AR R AT AR AR A ARV IR RV RTATRVRIATEVRTATRYRYAA!
VYUYV UV VVVVVYVYVVVVV VeV VYV VYV VYV VYVYVYVVVYVVVYVYVYVYVYVYVVYVYVYY

ANAANAANANANANAAANNAADNANAANANAANAAAANANANAANANAANANAANA DA

NAAANANA
ANANANANANANANANANANANANANANARANAWA \/\\HIH\ AN AN AN AN AN AN AN AN AN AN AN AN ANAN AN AN ANANANANANARANARANANA!

VR AR R ARV AR R AT AR AR AR AR R AR R AT AR AR R A ARV ARV RTATRVRIATEVRTATRYRYAA!
VYV VUV VY VYV VYV VVVVYVYVYVVYVVYVVUVVYVVYYVYVVVYVYVVVYVYVVVYVYVVVY

AL

ANNANANANANANANANANAANNANANANANNANANANANANANANANANAANANANNANNANNAND
A A A A A A A AN A A A A A A AN A AN AN AN A N AN A AN AN AN AN AN AN A AN AN AN AN AN AN AN AN AN AN AN ANAWANANANANA

LA A L
VVVYVVVVVVVVVVYVVVVYVVVVVVYVYVVVVYVVVVVVVVVYVVVVYVVVVVYVVY





image21.png
Frequency (Hz)

00

20





image38.png
Frequency (Hz)

00

20





image22.PNG
g

[111AN

!

R AN

YU

I

IV

AWM

YUY

I

I

TR

it

AT

LI

TTW”TTTT’W%J}WUW{””’TWW’J}F’"W’%HAMT*FWTWWﬁrwTU’”T"%F”H#*W%’UW VTTT"WTLWW{‘V% J}V”dhLTT’"W#WU%W’%WW

I





image40.png
g

[111AN

!

R AN

YU

I

IV

AWM

YUY

I

I

TR

it

AT

LI

TTW”TTTT’W%J}WUW{””’TWW’J}F’"W’%HAMT*FWTWWﬁrwTU’”T"%F”H#*W%’UW VTTT"WTLWW{‘V% J}V”dhLTT’"W#WU%W’%WW

I





image23.png
a8m





image42.png
a8m





image24.PNG
/

/

VA

T

LU

|
Vo

N

\

N

ATV

\

vV VvV V

NOTTTT AT Nt

[t

LA AL ERRE A RO

I

[

EEEEEEn
Vo

|

RN RE

|

[V

\

U R D

LA LG R

[T

I

[

A

L
V)

|
|

RN

(A

]

|

N

|

AV

VA

VARV VAL VAR VARNL VAR VNN VAR VAR

|

\

/

\

/

1

I

WL MM

[
I
Vo

[

||

I

|
|

|

I Y O Y

|

]

|

\

VoA

\/

/

1

]

1

/

\

Vi

[

R
| L

|\

|

|

T T O Y

|

W WER WA

\/

T e A T TN TRT

A

AR
[

[

|

I I

I

|

N

[

[

VAV

YANNANNANNANAANAANNANANANANNANANA NN AN NN AN A NANANANANNANNN

\

LV VAN VA VAN VAL V/ L VA VAN VAR VAR V/ IV

U]

1AL A LA AL k08411111 A1 Rt RCLAL A AL L0110 CAL et et AL

[

I
Vo

|

|

RN
\

I

N

|
\

]

\
|

|





image44.png
/

/

VA

T

LU

|
Vo

N

\

N

ATV

\

vV VvV V

NOTTTT AT Nt

[t

LA AL ERRE A RO

I

[

EEEEEEn
Vo

|

RN RE

|

[V

\

U R D

LA LG R

[T

I

[

A

L
V)

|
|

RN

(A

]

|

N

|

AV

VA

VARV VAL VAR VARNL VAR VNN VAR VAR

|

\

/

\

/

1

I

WL MM

[
I
Vo

[

||

I

|
|

|

I Y O Y

|

]

|

\

VoA

\/

/

1

]

1

/

\

Vi

[

R
| L

|\

|

|

T T O Y

|

W WER WA

\/

T e A T TN TRT

A

AR
[

[

|

I I

I

|

N

[

[

VAV

YANNANNANNANAANAANNANANANANNANANA NN AN NN AN A NANANANANNANNN

\

LV VAN VA VAN VAL V/ L VA VAN VAR VAR V/ IV

U]

1AL A LA AL k08411111 A1 Rt RCLAL A AL L0110 CAL et et AL

[

I
Vo

|

|

RN
\

I

N

|
\

]

\
|

|





image25.png
aem
E

3

700





image46.png
aem
E

3

700





image26.PNG
W
"W'-]N"”-“nm.x'"IM';’ul'iw""“1“1‘\'_””"F-”"”Vm””'W””'Mh‘l’l’bﬂﬂf‘hh " ul‘h\‘ W by A .
A T I e e e e W T W e W e e T Mhl

AWAWAWAWA AWAWANWAWA
\ VIAVARVARVIRVAAVARY,





image48.png
W
"W'-]N"”-“nm.x'"IM';’ul'iw""“1“1‘\'_””"F-”"”Vm””'W””'Mh‘l’l’bﬂﬂf‘hh " ul‘h\‘ W by A .
A T I e e e e W T W e W e e T Mhl

AWAWAWAWA AWAWANWAWA
\ VIAVARVARVIRVAAVARY,





image27.png
150)

250

@Bm





image50.png
150)

250

@Bm





image28.png
U I i ! L } e v L J |
i i | | Lo I - i b I |
! ! I ! LI} ! LI ! rr I I
| i i 1l Lo I [ | I I I
! ! I ! LI} ! ru ! rr I I





image52.png
U I i ! L } e v L J |
i i | | Lo I - i b I |
! ! I ! LI} ! LI ! rr I I
| i i 1l Lo I [ | I I I
! ! I ! LI} ! ru ! rr I I





image29.png
——Modulated + Nose —— Messages ——Oulpt —— Camer  —— Modulated

P2 P
0 Pa P
-100]
200
00
a00)
5 ED 35 B} 25 2 ED E] o5 o T 15 2 25 3 35 4 s s
Frequency (¢1)
Output P P2 P Pa
Freauency (2 10000e:2 1000082 4000e+2 40000e+2
Powss (48W) “630er0 “6auer0 26002641





image54.png
——Modulated + Nose —— Messages ——Oulpt —— Camer  —— Modulated

P2 P
0 Pa P
-100]
200
00
a00)
5 ED 35 B} 25 2 ED E] o5 o T 15 2 25 3 35 4 s s
Frequency (¢1)
Output P P2 P Pa
Freauency (2 10000e:2 1000082 4000e+2 40000e+2
Powss (48W) “630er0 “6auer0 26002641





image30.png




