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Note: Answer Any Five Questions 
 

Ques
tion 

# 

Description Marks 
Distrib
ution 

Max 
Marks 

1 

(a)Explain the TDM system with necessary block diagram. 
 

- 

10 

 Block Diagram 3 

 Theory 3 
(b) A signal m1(t) is bandlimited to 3.6khz and 2 other signals 
m2(t), and m3(t) are bandlimited to 2.4khz each. These signals re to 
be transmitted by TDM. Set up a scheme for realizing this. What must 
be the speed of the commutator? Determine the minimum bandwidth 
required? 

- 

 TDM Scheme 2 

 Speed 1 

 Bandwidth 1 

2 

(a) What is Quantization noise? Derive the output signal to noise ratio 
of a uniform quantizer. 

- 

10 

 Definition 1 

 Derivation 4 
b) What is Quantization process? Explain the different types of 
Quantization with their input output characteristics. 

- 

 i/o characteristics 3 

 Theory 2 

3 

Explain the generation and reconstruction of PCM signals. - 

10  Block diagram 4 

 Theory 6 

4 

(a)Explain Shot noise and Thermal noise with relevant expressions. 
 

- 

10 

 Shot noise 2 

 Thermal noise 4 
(b)Define white noise. Plot power spectral density (PSD) and 
autocorrelation function of white noise 

- 

 Definition of white noise 1 

 Theory, PSD and autocorrelation 
 

3 



Ques
tion 

# 

Description Marks 
Distrib
ution 

Max 
Marks 

5 

(a)Define Noise equivalent bandwidth and derive the expression for 
the same. 

- 

10 
 Definition 1 

 Derivation 5 
(b)Prove that the total volume under the surface of a probability 
density function is always 1.Equations 

- 

 Proof 4 

6 

(a)Define Cross correlation and Autocorrelation function. Explain 
properties of autocorrelation. 
 

- 

10 
 Definitions 2 

 Properties 4 
(b)Define mean, variance, standard deviation and covariance 
function of a random process. 

- 

 Definitions  4 
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4a Shot noise: 
 Shot noise is produced due to discrete nature of current flow in electric circuits. 
 It is produced in all amplifying device because of random variation in the arrival 

of electron at the output electrode of an amplifying device. 
 It has uniform power spectral density 
 For PN junction diodes the mean square value of fluctuating shot noise current is 

𝐸[𝐼𝑆𝑁
2 ] = 2𝑞(𝐼 + 𝐼𝑆)𝐵𝑁 

Where  𝑞 = 1.6 ∗
10−19 𝐶𝑜𝑢𝑙𝑢𝑚𝑏𝑠, 𝐵𝑁 𝑖𝑠 𝑛𝑜𝑖𝑠𝑒 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑏𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ, 𝐼𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐷𝐶 −
𝑐𝑢𝑟𝑟𝑒𝑛𝑡, 𝐼𝑆 𝑖𝑠 𝑟𝑒𝑣𝑒𝑟𝑠𝑒 𝑙𝑒𝑎𝑘𝑎𝑔𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 
 

Thermal Noise 
 It is generated due to random movement of thermally induced carriers in a 

conductor(noise generated in resistors due to random motion of electrons). 
 The random motion of thermally induced electrons produces electric current 

which is random in nature. Thus random current is called “thermal noise”  
 The mean-square value of the thermal noise voltage VTN ,  appearing across the 

terminals of a resistor, measured in a  bandwidth of Δf Hertz, is given by: 

 
 k : Boltzmann’s constant=1.38 ×10-23 joules per degree Kelvin.   
 T : Absolute temperature in degrees Kelvin. 



 R: The resistance in ohms. 
 

 
4
b 

 The noise which has Gaussian distribution and have flat power spectral density 
over a wide range of frequencies is called white noise. 

 It is denoted by w(t). 
 A white noise is generally assumed  to be zero-mean. 
 A white noise is a mathematical abstraction; it cannot be physically realized since 

it has infinite average power. 
 White noise is analogous to the term “white light” in the sense that it has all 

frequency components in equal amounts. 

 The power spectral density of white noise process, w(t) is 𝑆𝑊(𝑓) =
𝑁𝑜

2
 where 

𝑁𝑜 = 𝑘𝑇𝑒 , 𝑁𝑂  𝑖𝑠 a real constant and called the 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 of the white noise, k  is 
the boltzmann’s constant, 𝑇𝑒 is the equivalent noise temperature of the receiver.  
(Note: A power specrtal density is a measure of signal’s power content versus 
frequency. A PSD is used to characterize broadband random signals.) 

 
Fig :1 Power spectral density of white noise 

 The autocorrelation function is the inverse Fourier transform of  the power 
spectral density: 

 𝑅(𝜏) =
𝑁𝑜

2
𝛿(𝜏) 

 
Fig2: Autocorrelation function of white noise 

 That is the autocorrelation function of white noise consists of a delta function 

weighted by the factor 
𝑁𝑜

2
  𝑎𝑛𝑑 𝑜𝑐𝑐𝑢𝑟𝑖𝑛𝑔 𝑎𝑡 𝜏 = 0. 

 
5a  “Noise equivalent bandwidth is defined as the bandwidth of an ideal filter 

such that the power at the output of this filter, if excited by white noise, is 

equal to that of the real filter given the same input signal” (In simple words, 

noise equivalent bandwidth is defined as the band width of an ideal filter 

which produce same integrated noise power as that of an arbitrary filter). 



 Bandwidth enables computation of the power required to transmit the signal. 

 Consider an ideal low pass filter of bandwidth B and passband amplitude 
response of one.           

 
Fig 1: Amplitude or magnitude response of ideal low pass filter 

 Apply a white Gaussian noise w (t) of zero mean and power spectral density 
𝑁𝑜

2
 to 

an ideal low pass filter. 

 
Fig 2: Power spectral density of white noise 

 The power spectral density of the noise appearing at the filter output is therefore 

𝑆𝑁(𝑓) = {

𝑁𝑜

2
, −𝐵 < 𝑓 < 𝐵

0,            |𝑓| > 𝐵
 

 
Fig 3: The power spectral density of ideal low pass filtered noise 

 The average output noise power is     𝑁𝑜𝑢𝑡 =  
𝑁𝑂

2
2𝐵|𝐻(0)|2 = 𝑁𝑂𝐵|𝐻(0)|2 

 Consider an arbitrary low pass filter  whose amplitude response is as shown 
below  



  
Fig4: Response of arbitrary low pass filter 

 The average output noise power is     𝑁𝑜𝑢𝑡 =  
𝑁𝑂

2
 ∫ |𝐻(𝑓)|2𝑑𝑓 =

∞

−∞

𝑁𝑂 ∫ |𝐻(𝑓)|2∞

0
𝑑𝑓 

 
Fig 5: The power spectral density of arbitrary low pass filtered noise 

Thus equating equations we get  

 𝐵 =
∫ |𝐻(𝑓)|2𝑑𝑓

∞

0

|𝐻(0)|2  

 

 
Fig 6: Illustration of noise equivalent bandwidth 

 



 Thus, the procedure for calculating the noise equivalent bandwidth consists of 

replacing the arbitrary low pass filter of transfer function H(f) by an equivalent ideal 

low pass filter of zero frequency response H(0) and bandwidth B, as shown below. 

 
 

5
b 

 

 
6a (a)Define Cross correlation and Autocorrelation function. Explain properties of 

autocorrelation. 



 
Cross Correlation 
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