




 

 

 

1a)  Define probability illustrate the relationship between sample space events 

and probability? 

Definition of Probability 

Probability is a measure of the likelihood that a particular event will occur. It is a number 

between 0 and 1, where: 

 0 indicates an impossible event. 

 1 indicates a certain event. 

Mathematically, the probability of an event E occurring is given by: 

P(E)=Number of favorable outcomesTotal number of outcomes in the sample spaceP(E) = 

\frac{\text{Number of favorable outcomes}}{\text{Total number of outcomes in the sample 

space}}P(E)=Total number of outcomes in the sample spaceNumber of favorable outcomes  

 

Sample Space, Events, and Probability – Relationship 

1. Sample Space (S): 

The sample space is the set of all possible outcomes of an experiment. 

Example: In tossing a coin once, 

S={H,T}S = \{H, T\}S={H,T} 

2. Event (E): 

An event is any subset of the sample space, including single outcomes or combinations. 

Example: Getting a head when tossing a coin → 

E={H}E = \{H\}E={H} 

3. Probability of an Event: 

The probability of an event is calculated using the ratio: 

P(E)=n(E)n(S)P(E) = \frac{n(E)}{n(S)}P(E)=n(S)n(E)  

Where: 

o n(E)n(E)n(E): Number of favorable outcomes (size of event set) 

o n(S)n(S)n(S): Number of outcomes in sample space 

 



 

Illustration Example 

Experiment: Roll a fair 6-sided die 

 Sample Space: 

S={1,2,3,4,5,6}S = \{1, 2, 3, 4, 5, 6\}S={1,2,3,4,5,6} 

 Event: Getting an even number 

E={2,4,6}E = \{2, 4, 6\}E={2,4,6} 

 Probability: 

P(E)=n(E)n(S)=36=0.5P(E) = \frac{n(E)}{n(S)} = \frac{3}{6} = 0.5P(E)=n(S)n(E)=63

=0.5 

b. What are moments? Determine the characteristic function of a Gaussian 

random variable with given mean and variance? 

What are Moments? 

In probability theory and statistics, moments are quantitative measures related to the shape of a 

probability distribution. They provide information such as central tendency, dispersion, 

skewness, and kurtosis. 



 

 



 

c. Analyze the Gaussian process with Gaussian distribution curve infer the 

properties of a Gaussian process. 



 

 



 

 

 

2a. Define random process. Interpret mean and covariance function with 

respect to stationary random process? 

 

 



 

 

 



 

 

B. what is autocorrelation function? state and prove the properties of 

autocorrelation function? 



 

 



 

 

 

c. Analyze the PDF and CDF of random experiment in which three coins are 

tossed and condition to get random variable is getting head? 



 

 

 



 

 



 

 

Q3. (a) Amplitude Modulation (AM) is a modulation technique where the amplitude of a high-

frequency carrier wave is varied in proportion to the instantaneous amplitude of the message 

(modulating) signal, while the frequency and phase of the carrier remain constant. 

• In amplitude modulation, the amplitude of the carrier wave is varied in proportion to that 

of the message signal being transmitted. 

• Amplitude modulation is used when spectral efficiency and simplicity are most important. 

Limitations: Noise sensitivity and lower power efficiency. 

 

 

 

 

 

 

 

 Modulation Index μ determines depth of modulation: 

• 0<μ<1: under-modulated 

• μ=1: fully modulated 

• μ>1: over-modulated (distortion) 

  AM Bandwidth = 2fm 

 

𝜐𝑐 =  𝑉𝑐 𝑠𝑖𝑛 2𝜋𝑓𝑐t 



 

 

(b) Given fm=5 KHz 

                 Fc=980 KHz 

 

(i) Minimum USB: fc+0=980 KHz 

    Maximum USB: fc+5=985 KHz 

(ii) Minimum LSB: fc-5=975 KHz 

    Maximum LSB: fc-0=980 KHz 

(iii) Total bandwidth=2*fm=2*5=10 KHz  

 

 

 

 

 

 



(c) Block Diagram of FDM transmitter 

  

 

Applications: 

Frequency Division Multiplexing (FDM) is a technique where multiple signals are transmitted 

simultaneously over a common communication channel by allocating different frequency bands to 

each signal. 

• Radio Broadcasting 

• Television Broadcasting 

• Aircraft and Marine Communication: 

• Satellite Communication 

 

 

 

 

 



Q. 4 (a)  

  Ac = 2;           % Carrier amplitude 

  fc = 10;          % Carrier frequency (Hz) 

  Am = 1;           % Message amplitude 

  fm = 2;           % Message frequency (Hz) 

  Fs = 100;         % Sampling frequency (Hz) 

  duration = 1;    % Duration of the signal (seconds) 

  t = 0:1/Fs:duration; % Time vector 

 

  %% Generate Message Signal 

  mt = Am*cos(2*pi*fm*t); 

 

  %% Generate Carrier Signal 

  ct = Ac*cos(2*pi*fc*t); 

 

  %% Generate Amplitude Modulated Signal 

  modulated_signal = (1 + 0.5*mt).*ct; 

 

  %% Plot the signals 

  figure; 

  subplot(3,1,1); 

  plot(t, mt); 

  title('Message Signal'); 

  xlabel('Time (s)'); 

  ylabel('Amplitude'); 

  grid on; 

 

  subplot(3,1,2); 

  plot(t, ct); 

  title('Carrier Signal'); 

  xlabel('Time (s)'); 

  ylabel('Amplitude'); 

  grid on; 

 

  subplot(3,1,3); 

  plot(t, modulated_signal); 

  title('Amplitude Modulated Signal'); 

  xlabel('Time (s)'); 

  ylabel('Amplitude'); 

  grid on; 

 

  %% Calculate and Plot the Spectrum 

  N = length(modulated_signal); 

  frequencies = Fs*(-N/2:N/2-1)/N; 

  spectrum = fftshift(fft(modulated_signal))/N; 



 

  figure; 

  plot(frequencies, abs(spectrum)); 

  title('Magnitude Spectrum of Modulated Signal'); 

  xlabel('Frequency (Hz)'); 

  ylabel('Magnitude'); 

  xlim([-2*fc 2*fc]); % Focus on relevant frequency range 

  grid on; 

(b) DSB Signals 

• The first step in generating an DSB signal is to suppress the carrier, leaving the upper and 

lower sidebands called as DSSC or DSB. 

•  Benefit is no power is wasted on the carrier. 

•  DSB signal is a sine wave at the carrier frequency, varying in amplitude. 

•  A unique characteristic of the DSB signal is the phase transitions that occur at the lower-

amplitude portions of the wave. 

• There are two adjacent positive-going half-cycles at the null points in the wave. 



 

SSB Signals 

• In DSB transmission, since the sidebands are the sum and difference of the carrier and 

modulating signals, the information is contained in both sidebands. 

• no reason to transmit both sidebands in order to convey the information. 

• One sideband can be suppressed; the remaining sideband is called a single- sideband 

suppressed carrier (SSSC or SSB) signal. 

• In DSB transmission, since the sidebands are the sum and difference of the carrier and 

modulating signals, the information is contained in both sidebands. 

• no reason to transmit both sidebands in order to convey the information. 

• One sideband can be suppressed; the remaining sideband is called a single- sideband 

suppressed carrier (SSSC or SSB) signal. 



 

 

(c)  Lattice Type Balanced Modulator 

• Lattice modulator: consists of an input transformer T1, an output transformer T2, and four 

diodes connected in a bridge circuit.  

• The carrier signal is applied to the center taps of the input and output transformers, and the 

modulating signal is applied to the input transformer T1.  

• The output appears across the secondary of the output transformer T2. 

• The carrier sine wave, which is usually considerably higher in frequency and amplitude 

than the modulating signal, is used as a source of forward and reverse bias for the diodes. 

•  The carrier turns the diodes off and on at a high rate of speed, and the diodes act as switches 

that connect the modulating signal at the secondary of T1 to the primary of T2. 

• When the polarity of the carrier is positive, diodes D1 and D2 are forward-biased.  

• At this time, D3 and D4 are reverse-biased and act as open circuits.  

• As you can see, current divides equally in the upper and lower portions of the primary 

winding of T2.  

• The current in the upper part of the winding produces a magnetic field that is equal and 

opposite to the magnetic field produced by the current in the lower half of the secondary. 

•  The magnetic fields thus cancel each other out. No output is induced in the secondary, and 

the carrier is effectively suppressed. 

• Lattice modulator : consists of an input transformer T1, an output transformer T2, and four 

diodes connected in a bridge circuit.  



• The carrier signal is applied to the center taps of the input and output transformers, and the 

modulating signal is applied to the input transformer T1.  

• The output appears across the secondary of the output transformer T2. 

• The carrier sine wave, which is usually considerably higher in frequency and amplitude 

than the modulating signal, is used as a source of forward and reverse bias for the diodes. 

•  The carrier turns the diodes off and on at a high rate of speed, and the diodes act as switches 

that connect the modulating signal at the secondary of T1 to the primary of T2. 

• When the polarity of the carrier is positive, diodes D1 and D2 are forward-biased.  

• At this time, D3 and D4 are reverse-biased and act as open circuits.  

• As you can see, current divides equally in the upper and lower portions of the primary 

winding of T2.  

• The current in the upper part of the winding produces a magnetic field that is equal and 

opposite to the magnetic field produced by the current in the lower half of the secondary. 

•  The magnetic fields thus cancel each other out. No output is induced in the secondary, and 

the carrier is effectively suppressed. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Q5. (a) 

 

 

 

 

 

 

 

 

 



(b)  

 

(c) 

  

• Oscillators whose frequencies are controlled by an external input voltage are generally 

referred to as voltage-controlled oscillators (VCOs).  

• This circuit uses silicon-germanium (SiGe) bipolar transistor to achieve an operating 

frequency centered near 10 GHz.  



• The oscillator uses cross - coupled transistors Q1 and Q2 in a multivibrator or flip-flop 

type of design.  

• The signal is a sine wave whose frequency is set by the collector inductances and 

varactor capacitances. 

•  The modulating voltage, usually a binary signal to produce FSK, is applied to the 

junction of D1 and D2. 

• Two complementary outputs are available from the emitter followers Q3 and Q4.  

• In this  circuit, the inductors are actually tiny spirals of aluminum (or copper) inside the 

chip, with inductance in the 500- to 900-pH range.  

• The varactors are reverse-biased diodes that function as variable capacitors. 

•  The tuning range is from 9.953 to 10.66 GHz. 

• CMOS type of  circuit also uses a cross coupled LC resonant circuit design and operates 

in the 2.4- to 2.5-GHz range.  

• Variations of it are used in Bluetooth transceivers and wireless LAN applications 

controlled over a wide range by an ac or dc input voltage.  

• These VCOs typically have an operating range of less than 1 Hz to approximately 1 

MHz. 

• The output is either a square or a triangular wave rather than a sine wave. 

 

 



6(a) Define Modulation and Differences Between FM and AM 
Modulation is the process of varying a carrier signal in accordance with the information 

(message) signal. It enables transmission of signals over long distances by shifting their 

frequency range. 

Five differences between Frequency Modulation (FM) and Amplitude Modulation (AM): 

Feature Amplitude Modulation (AM) Frequency Modulation (FM) 

Parameter varied Amplitude of carrier Frequency of carrier 

Noise immunity Poor Better 

Bandwidth 2 × message frequency 2 × (message frequency + 

deviation) 

Signal quality Lower (affected by noise) Higher (less distortion) 

Power efficiency Less efficient More efficient 

6(b) Why Pre-emphasis and De-emphasis are Required 
Pre-emphasis and De-emphasis are used in FM systems to improve the signal-to-noise ratio 

(SNR) of high-frequency components. 

Why Required: 

• - Noise in FM is more prominent at higher frequencies. 

• - Human ears are sensitive to high-frequency noise. 

• - Pre-emphasis boosts high frequencies before transmission. 

• - De-emphasis attenuates them at the receiver to suppress noise. 

Implementation: 

• - Pre-emphasis: High-pass filter (H(s) = 1 + sRC) 

• - De-emphasis: Low-pass filter (H(s) = 1 / (1 + sRC)) 

Typical time constants: 75 µs (USA), 50 µs (Europe/India) 

6(c) Block Diagram of Superheterodyne Receiver and Explanation 
Block Diagram: 

Antenna → RF Amplifier → Mixer → IF Filter → Demodulator → Audio Amplifier → Speaker 



                     ↓ 

                 Local Oscillator 

Functions of Each Block: 

• - Antenna: Captures the incoming RF signal. 

• - RF Amplifier: Amplifies the weak RF signal. 

• - Mixer: Combines RF and oscillator signals to produce IF. 

• - Local Oscillator: Generates frequency for frequency conversion. 

• - IF Filter & Amplifier: Selects and amplifies the IF signal. 

• - Demodulator: Extracts baseband signal from IF. 

• - Audio Amplifier: Amplifies demodulated signal. 

• - Speaker: Converts signal to sound. 

7 a. Define Modulation. Identify any five differences between Frequency 

Modulation and Amplitude Modulation. 
Modulation is the process of varying one or more properties of a carrier signal (such as 

amplitude, frequency, or phase) in accordance with the information signal to be 

transmitted. 

Differences between Frequency Modulation (FM) and Amplitude Modulation (AM): 

S.No Frequency Modulation (FM) Amplitude Modulation (AM) 
1 Frequency of carrier varies 

with the message signal. 
Amplitude of carrier varies 
with the message signal. 

2 More immune to noise and 
interference. 

More affected by noise and 
interference. 

3 Complex and costly 
receivers. 

Simple and low-cost 
receivers. 

4 Bandwidth is higher than 
AM. 

Requires less bandwidth. 

5 Used for high-fidelity 
applications like FM radio. 

Used for broadcasting like 
AM radio. 

b. Why Pre-emphasis and De-emphasis are required? Explain how they are 

implemented. 

Pre-emphasis and de-emphasis are techniques used in FM systems to improve the signal-to-

noise ratio for high-frequency components. 

High-frequency signals are more affected by noise. To counter this, pre-emphasis boosts the 

amplitude of high-frequency components at the transmitter, and de-emphasis attenuates 

them at the receiver to restore the original signal. 

 



Implementation: 

- Pre-emphasis is done using a high-pass filter before modulation. 

- De-emphasis is done using a low-pass filter after demodulation. 

c. Draw the block diagram of a superheterodyne receiver and explain the 

function of each. 

A superheterodyne receiver converts the received RF signal to a fixed intermediate 

frequency (IF) to simplify filtering and amplification. 

Block Diagram and Functions: 

1. Antenna – Captures the RF signal. 

2. RF Amplifier – Amplifies weak RF signals. 

3. Mixer – Mixes RF signal with local oscillator to produce IF. 

4. Local Oscillator – Generates a frequency that mixes with RF. 

5. IF Amplifier – Amplifies intermediate frequency signal. 

6. Detector/Demodulator – Extracts audio or baseband signal. 

7. Audio Amplifier – Amplifies audio signal for output. 

8. Speaker – Converts audio signal to sound. 

8.  Basic Elements of PCM System 
 

1. Sampler: Converts the analog signal into a series of samples at regular intervals. 

2. Quantizer: Converts each sample to the nearest value from a finite set of levels. 

3. Encoder: Assigns a binary code to each quantized level. 

4. Transmission: The encoded binary data is transmitted over the channel. 

5. Regenerator: Regenerates the clean digital signal. 

6. Decoder: Reconstructs the quantized signal from binary data. 

7. Reconstruction Filter: Converts the discrete signal back into an analog signal. 

Unipolar NRZ 

 



Polar NRZ 

 

Unipolar RZ 

 

Bipolar RZ 

 



Manchester 

 

 

 



 

One source of bit errors in a baseband-pulse transmission system that we wish to study 
is 
intersymbol interference (ISI), which arises when the communication channel is 
dispersive. 
• Dispersive channel :the channel has a frequency dependent amplitude spectrum. 





 

 

 

 

 

External Noise 
• External noise comes from sources over which we have little or no control—industrial, 
atmospheric, or space. 



• Regardless of its source, noise shows up as a random ac voltage and can be seen on an 
oscilloscope. 
• The amplitude varies over a wide range, as does the frequency. 
• The noise in general contains all frequencies, varying randomly. This is generally known 
as white noise. 
• Atmospheric noise and space noise are a fact of life and simply cannot be eliminated. 
• Some industrial noise can be controlled at the source, but because there are so many 
sources of this type of noise, there is no way to eliminate it. 
• The key to reliable communication, then, is simply to generate signals at a high enough 
power to overcome external noise 
Industrial Noise: Industrial noise is produced by manufactured equipment, such as 
automotiveignition systems, electric motors, and generators. Any electrical equipment 
that causes high voltages or currents to be switched produces transients that create noise. 
Noise pulses of large amplitude occur whenever a motor or other inductive device is 
turned on or off. 
• Atmospheric Noise: The electrical disturbances that occur naturally in the earth’s 
atmosphere are another source of noise. Atmospheric noise is often referred to as static. 
Static usually comes from lightning, the electric discharges that occur between clouds or 
between the earth and clouds. 
• Extraterrestrial Noise. Extraterrestrial noise, solar and cosmic, comes from sources in 
space. One of the primary sources of extraterrestrial noise is the sun, which radiates a 
wide range of signals in a broad noise spectrum. The noise intensity produced by the sun 
varies with time. In fact, the sun has a repeatable 11-year noise cycle. During the peak of 
the cycle, the sun produces an awesome amount of noise that causes tremendous radio 
signal interference and makes many frequencies 
unusable for communication. 

Internal Noise 
• Electronic components in a receiver such as resistors, diodes, and transistors are major 
sources of internal noise. 
• Internal noise, although it is low level, is often great enough to interfere with weak 
signals. 
• The main sources of internal noise in a receiver are thermal noise, semiconductor noise, 
and intermodulation distortion. 
• Since the sources of internal noise are well known, there is some design control over 
this type of Noise 
 

 



 

 

 

 

Baseband transmission of digital data therefore requires the use of a low-pass channel 
with a bandwidth large enough to accommodate the essential frequency content of the 
data stream. 
• In general, channel is dispersive with its frequency response deviates from that of an 
ideal low-pass filter. 
• The result of data transmission over such a channel is that each received pulse is 
affected somewhat by adjacent pulses, thereby giving rise to a common form of 
interference called intersymbol interference (ISI). 
• To correct for it, control has to be exercised over the pulse shape in the overall system. 
• Another source of bit errors in a baseband data transmission system is the ubiquitous 
receiver noise (channel noise). 



 



 



 

 

 

 

 



 

 

 


