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Any 3 from:
· It gives noiseless reception. Noise is a form of amplitude variation and a FM receiver will reject such signals.
· The operating range is quite large.
· It gives high-fidelity reception.
· The efficiency of transmission is very high.
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RF Amp
The purpose of the RF amplifier stage is to select the radio station required and give some initial amplification to the often weak radio signal from the antenna. 

Local Oscillator
Produces a very stable signal, usually crystal controlled and ganged to the RF amplifier tuned circuit.

Mixer
The purpose of the mixer stage is to alter the carrier frequency of the incoming station from whatever it is to a fixed IF frequency at its output

IF Amp
Once the carrier frequency is a constant value the IF stage provides of a number of high gain amplifiers of high selectivity to produce a clean, large amplitude AM signal.

Detector (demodulator)
The demodulator is a simple diode detector optimally designed to recover the audio message from the AM signal.

AF Amp
Finally, the recovered audio signal is passed through the AF amplifier stage which provides enough gain to power the low impedance loudspeaker.
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The analogue input signal is applied to the parallel comparators. Each comparator has a reference voltage derived from a chain of voltage divider resistors. The comparator outputs, either ‘high’ (logic 1) or ‘low’ (logic 0), are applied to an M level to n bit encoder. At the instant of sampling the n bit values are latched to give the digital output. These digital values are held (due to the latch) until the next sample instant when the next set of digital values are latched. Although flash converters are fast, they are limited by the number of comparators required. n bit conversion requires 2n comparators. For n = 8 bits this requires 256 comparators whereas n = 16 bits requires 65536 comparators.  Other types of (slower) converters include the counting converter and the successive approximation converter.









D = 2.5mm

FSK - The digital data stream changes the frequency of the carrier signal, fc.
For example, a “1” could be represented by f1=fc + δf, and a “0” could be represented by f2=fc - δf.
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In polar form:
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Q. B1
	Question
	Marks
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	Carrier amplitude Ec = 14V
	Modulation factor m = 0.65
	Carrier frequency fc = (5.027 x 106)/2π = 800kHz
	Message signal frequency fs = 25120/2π = 4kHz

	
	

	
	
	
	
	











Frequency deviation (δfc) = fmax – fc = 230 – 200 = 30kHz

Modulation Index (β) = δfc / fm = 30 / 20 = 1.5


Component amplitudes are calculated from the Bessel table for β = 1.5:

J0 = 30 x 0.51 = 15.3V
J1 = 30 x 0.56 = 16.8V
J2 = 30 x 0.23 = 6.9V
J3 = 30 x 0.06 = 1.8V
J4 = 30 x 0.01 = 0.3V


Component spacing is calculated as the modulating frequency i.e. 20KHz


16.8       15.3        16.8
6.9                                            6.9
1.8                                                                     1.8

0.3                                                                                            0.3
                                                                                                  


                   120       140    160    180        200         220       240   260    280    


Bandwidth = 160kHz
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Q.B2
	Question
	Marks
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DR = 20log10(N)
Where N = 2n = 1024

	In dB = 20log1024 = 60.2dB

	

	09



In dB = 20log521 = 54.3dB
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The circuit operates by repeatedly comparing the analogue signal voltage with a number of approximate voltages which are generated at the DAC output. Initially, the shift register (SAR) is cleared and then the DAC output is zero. Conversion is initiated by taking the start conversion line LOW. The first clock pulse sets the MSB to 1 and applies it to DAC. The output of the DAC is then one half of its full scale voltage range (FSR). If the analogue voltage is greater than FSR/2 the MSB is stored by a latch. If it is less than FSR/2 the MSB is taken LOW by the successive approximation register (SAR). The next clock pulse applies the next bit to the DAC, producing a DAC output of FSR/4. If the MSB has been retained, the total DAC output voltage is now 3FSR/4; if the MSB had been lost the output of the DAC is now FSR/4. In either case the analogue and DAC voltages are again compared. If the analogue voltage is the larger of the two, the second MSB is retained (latched); if it is not, the second MSB is lost.
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QPSK is a method for encoding digital data on to a sinusoidal carrier. There are 4 possible phases, each representing a different 2 bit binary code. In the example shown:
11 moves the carrier 45°
01 moves the carrier 135°
00 moves the carrier 225°
11 moves the carrier 315°

[image: QPSK mod]

The modulators have 2 inputs - a binary code and a carrier waveform, the carrier to the Q modulator is phase shifted by 90°.  The binary input data is split into a 2 bit code; one bit is fed into the ‘I’ modulator, the other to the ‘Q’ modulator. In both modulators the output is a non-inverted carrier if the input bit is a 1 And an inverted carrier if the input is a 0.
These phase altered Q and I signals are then added together to produce the QPSK output signal as shown below:
Idata = 0, Qdata = 0 ; I = -Esinωct, Q = -Ecosωct    then ouput = Acsin(ωct -135°)
Idata = 0, Qdata = 1 ; I = -Esinωct, Q = +Ecosωct    then ouput = Acsin(ωct +135°)
Idata = 1, Qdata = 0 ; I = +Esinωct, Q = -Ecosωct    then ouput = Acsin(ωct -45°)
Idata = 1, Qdata = 1 ; I = +Esinωct, Q = +Ecosωct    then ouput = Acsin(ωct +45°)


In the 16-QAM  scheme, 4 ‘I’ values and 4’Q’ values are used which gives 16 possible symbols from 0000 to 1111. In addition to the 3 phases per quadrant, the are 3 amplitude levels. Therefore QAM modulates both amplitude and phase at the same time. For example:
[image: ]
 
1101 is phase shifted 45° and the amplitude is reduced to 0.33 of Vmax
1001 is phase shifted 15° and the amplitude is reduced to 0.75 of Vmax 
1100 is phase shifted 75° and the amplitude is reduced to 0.75 of Vmax
1000 is phase shifted 45° and the amplitude is Vmax

[image: ]

Quantising approximates a continuous range of values and replaces it with a binary number. 
Error is introduced between input voltage and output binary representation which depends on the resolution of the ADC.
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	Q. B3
	Question
	Marks
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· The E1 frame is placed into a C-12 Container
· A Path Overhead (POH) is added and it becomes a VC-12 Virtual Container.
· A pointer is added to the VC-12 and it becomes a tributary unit TU-12. The pointers indicate the location of the first byte of each of the Virtual Containers.
· 3 TU-12s become a TUG-2 Tributary Unit Group. 
· Seven of these TUGs can be mapped into a VC-3 Virtual Container
· Multiple VC-3 Virtual Containers will be assigned Pointers and placed into an Administration User Group (AUG) and the AUG will be placed in the STM Frame.

Reflection co-efficient
	

	

	

Converting to polar form:

	

    	

Vector Diagram
Since the output impedance of the signal generator matches the characteristic impedance of the line the incident wave has a rms voltage of half the signal generator output, therefore .

	We calculated earlier that the reflection co-efficient was 

	Since , then 
5V
3.9V
29
VL
VI
VR

	





Load Voltage
	We now have:
	

	In Cartesian form:
	
	
	
	
Since    

	Then   


The remainder on dividing 567412 by 99 is 43, which is the same as the received check, so there is no reason to suspect that there have been any errors. 
The remainder on dividing 985314 by 99 is 64, which is not the same as the received check, so there must have been some errors.
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Low Order
V5 – Error checking, path status and signal label
J2 – Access path identifier that allows the receiving device to check it is still connected to the transmitting device.
N2 – Connection monitoring
K4 – Automatic switching to backup in case of failure
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The instantaneous voltage of AM wave
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