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1.a)
Define amplitude modulation (AM) and coefficient of modulation. Draw a modulated AM waveform indicating parameters involved in the definition.

b)
An AM signal is generated by modulating the carrier fc = 800 kHz by the signal m(t) = sin(2000(t) + 5 cos(4000(t). The AM signal u(t) = 100[1+m(t)]cos(2( fct) is fed to 50 ohms load. (i) Determine and sketch the spectrum of the AM signal. (ii) Determine the average power in the carrier and in the sidebands. (iii) What is the modulation index? (iv)What is the peak power delivered to the load?

2.a)
Draw the circuit diagram for balanced ring modulator and explain its operation indicating all the waveforms of the modulator.

b)
For the balanced ring modulator circuit, the carrier input frequency fc = 500 kHz and modulating input signal frequency ranges from 0 to 5 kHz. Determine output frequency range and output frequency for a single input frequency of 3.4kHz.

3.a)
Give the method to generate SSB signals by spectral phase shifting and how it is demodulated? 

   b)
Compare different modulation techniques of AM and mention some applications of each system.

4.a)
Give the relationship between phase and frequency modulation techniques with suitable expressions and sketch the modulated outputs of both the techniques for sinusoidal modulating signal. Choose any carrier signal.

   b)
A carrier is frequency modulated by sinusoidal modulating signal of frequency    2 kHz, resulting in a frequency deviation of 5 kHz. What is the bandwidth occupied by the modulated waveform? The amplitude of the modulating sinusoidal signal is increased by a factor of ‘3’ and its frequency lowered to 1 kHz. What is the new bandwidth?

5.a)
Describe the usefulness of Carson’s rule as applicable to FM systems. 

   b)
Compare the phasor diagram of narrow band FM signal and AM signal and discuss about the similarities and differences of the two signals.

   c)
What are the modifications required to generate a wideband FM signal from a narrowband FM signal generator.
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6.a)
Which method of FM signal generation is the preferred choice, when the stability of the carrier frequency is of major concern? Discuss about the method in detail. 

   b)
Draw the block diagram of a balanced FM demodulator and explain the importance of each block.

7.a)
Define the base-band signal-to-noise ratio (SNR) and how it is calculated? 

b)
Prove that, for the same average transmitted signal power and the same average noise power in the message bandwidth, a single sideband (SSB) receiver will have exactly the same output SNR as double sideband with suppressed carrier (DSB – SC) receiver, when both receivers use coherent detection for the recovery of the message signal.

8.a)
Draw the phasor diagram of signal and noise in an angle modulated system showing both the signal and noise components. 

   b)
What are the observations made from the signal to noise ratio (SNR) expressions of FM system? Explain them. What do you know about the threshold extension in FM?
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1.a)
How do you arrive at modulation index of multi-tone amplitude modulation scheme? Explain with an example.

b)
Describe the relationship between the carrier and sideband powers in an AM-DSB with full carrier wave, using suitable expressions.

c)
Determine powers of the carrier, two sidebands, and total power of modulated wave for the given specifications of AM-DSB with full carrier: Peak                 un-modulated carrier voltage = 10 V, a load resistance of 10 ohms and the modulation index = 0.5.

2.a)
Illustrate with suitable sketches the operation of the ring modulator for sinusoidal modulating wave and square wave carrier.

b)
Give the block diagram for coherent detection of DSB-SC modulated wave and explain the operation of it. Explain the process of frequency translation.

3.
Any discrepancy in frequency and phase of the local carrier gives rise to a distortion in synchronous detector output. Justify the given statement for DSB-SC and SSB signals by deriving suitable expressions.

4.a)
Explain fully the difference between frequency and phase modulation, beginning with the definition of each type and the meaning of the modulation index in each case. 

b)
An angle modulated signal with carrier frequency fc = 105 Hz is described by the equation: G(t) = 10cos(2(fct + 5sin3000(t + 10sin2000(t). Find (i) the power of the signal of the modulated signal (ii) the frequency deviation (iii) modulation index.

5. What do you mean by wideband frequency modulation? Explain. 

Give the procedure to determine the effective bandwidth of an FM signal. Describe the nonlinear effects in FM systems.

6.a)
Illustrate the principle of the Armstrong system of generating FM signal with suitable sketches and expressions. 

b)
Describe the balanced slope detection of FM demodulator.
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7.a)
Show that the noise performance of an AM receiver is always inferior to that of a DSB – SC receiver with suitable derivations.

b)
With reference to amplitude modulation schemes, what is threshold effect and why it does not arise in a coherent detector? Explain.

8.a)
What is the purpose of pre-emphasis and de-emphasis filtering? Explain the filtering process with suitable sketches.

b)
In commercial FM broadcasting, bandwidth of 15 kHz, the 3dBfrequency of     pre-emphasis and de-emphasis filter is 2100 Hz and the modulation index is 5.0. Assuming that the average to peak power of the message signal is 0.5, find the improvement in the output SNR of FM with pre-emphasis and de-emphasis filtering compared to a baseband system.
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1.a)
Why do we need modulation in communication? Explain.

Describe what happens when a typical AM modulator is over modulated, and explain why the over modulation is undesirable.

    b)
If a transmitter power of 100 W is sufficient for reliable communication over a certain path using single side band, what power level would be required using    (i) DSB-SC (ii) conventional AM.

2.a)
How do you generate AM signal using switching modulator? Explain the circuit with the suitable expressions.

b)
What are the non-coherent methods of AM demodulation? Explain them clearly using suitable sketches and expressions.

3.a)
With neat sketches, explain about the vestigial sideband (VSB) modulation system and mention its application(s).

b)
What do you mean by coherent demodulation? Use a coherent detection method to demodulate a SSB signal.

4.a)
Prove that all the properties of PM signals can be deduced from those of FM signals and vice-versa.

b)
Give the phasor comparison of narrow band FM and AM waves for sinusoidal modulation and write the conclusions from the comparison. 

c)
In an FM system, the modulating signal m(t) = 2.4 cos(1000(t) and the frequency deviation is 4.8 kHz. If the amplitude of the modulating signal is now increased to 7.2 V, what is the new deviation? If the amplitude is raised to 10 V while the frequency is dropped to 200 Hz, what is the deviation? Find the modulation index in each case.

5.a)
Discuss about the “Effective Bandwidth” required for the transmission of FM signals. 

b)
In a commercial FM broadcasting system, maximum value of frequency deviation is fixed at 75 kHz and maximum modulation frequency is 15 kHz. Find the effective bandwidth required to transmit such FM signals.

    c)
Explain the term “frequency multiplier” as applicable to FM.
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6.a)
What are the methods used in the direct FM signal generation? Discuss them in detail with suitable sketches. 

b)
Compare the merits and demerits of various methods of FM demodulators and which one of them is mostly used and why?

7.a)
Discuss the effect of noise on conventional AM with suitable derivation. 

b)
The message signal m(t) has a bandwidth of 10 kHz, a power of 16 W and a message to a destination via a channel with 60 dB attenuation and additive white Gaussian noise (AWGN) with spectral density of 10-10 W/Hz and achieve a SNR at the modulator output of at least 50 dB. What is the required transmitter power and channel bandwidth if DSB-SC and conventional AM with modulation index of 0.8 are employed?

8.a)
Explain the comparison of all analog modulation systems in detail. 

b)
What is the disadvantage of FM system at high frequency components of the message signal? Explain about the system that nullifies the shortcoming of the FM system.
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1.a)
Show that any scheme that can be used to generate DSB-SC can also generate AM. Is this converse true? Explain. 

b)
A DSB-SC signal m(t)cos((ct)  is applied at the input of an envelope detector. Show that the output of the envelope detector is not m(t), but |m(t)|. Show that in general, if an AM signal [A + m(t)] cos((ct) is envelope detected, the output is   |A + m(t)|. Discuss the limitations and modifications of the conventional AM.

2.a)
Derive the relationship between the modulation index and amplitude levels of the AM signal. 

b)
Suppose that the modulating signal m(t) = A cos(2(fmt), fm << fc, determine the DSB-SC signal and its upper and lower sidebands. Draw the spectrum. A 1 MHz carrier with amplitude of 1 V peak is modulated by a 1 kHz signal with modulation index of 0.5. Sketch the voltage spectrum (i.e., frequency vs voltage levels).

3.a)
Why single sideband (SSB) modulation is not used in the transmission of video signals? Explain. Discuss clearly about the modulation technique used for transmission of video signals in commercial television broadcasting. 

   b)
Discuss various methods used to generate SSB signals with neat sketches.

4.a)
How do you distinguish the two cases of frequency modulation (FM) namely, the narrowband FM and the wideband FM? 

   b)
Give the procedure to generate a narrow band FM signal with suitable diagram.

   c)
An angle modulated signal has the form U(t) = 100cos[2(fct + 4sin2000(t] where fc = 10 MHz. Determine the average transmitted power and maximum frequency deviation. Is this an FM or PM signal? Explain. 

5.
State Carson’s rule for determining the bandwidth for an angle modulated wave and explain clearly the effect of the modulation index on bandwidth. 

Discuss about the square wave modulation as applicable to frequency modulation and draw the frequency spectrum of the modulated signal.
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6.a)
Draw the schematic diagram for basic reactance modulator using FET and explain how this can be used as FM generator? 

b)
Sketch the circuit diagram for Foster–Seely discriminator and describe its principle of operation in the demodulation process of FM.
7.a)
Show that the output SNR in a SSB system is equivalent to that of DSB-SC system with suitable derivations. 

b)
In a broadcasting communication system the transmitter power is 40kW, the channel attenuation is 80 dB, and the noise power spectral density is 10-10 W/Hz. The message signal has a bandwidth of 10000 Hz. Find the bandwidth and output SNR of DSB-SC and SSB modulation schemes.

8.
Write the following:

(a) Signal-to-noise ratio (SNR) calculations for conventional AM.
(b)Comparison of all analog modulation systems.
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