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DC VTU QUESTION PAPER SOLUTION 
 
 

ANSWER 1(a). 

 
 
 

 
 

 



 

Properties of the Hilbert Transform 
The Hilbert transform is a linear operator that produces a 90° phase-shifted version of a signal 
and is widely used in communication systems, signal analysis, and analytic signal generation. 
1. Linearity 
The Hilbert transform is a linear operation: 
H{ax1(t)+bx2(t)}=aH{x1(t)}+bH{x2(t)} 
where a,ba, ba,b are constants. 
 
2. Phase Shift Property 
It introduces a ±90° phase shift: 
Positive frequencies → phase shift of −90° 
Negative frequencies → phase shift of +90°​
Amplitude remains unchanged. 
3. Frequency Domain Representation 
If X(f)X(f)X(f) is the Fourier transform of x(t)x(t)x(t), then: 
 

 Ϝ 𝑥(𝑡)
^{ } =− 𝑗𝑠𝑔𝑛(𝑓). 𝑋(𝑓)

where sgn(f) is the sign function. 
4. Orthogonality 
A signal and its Hilbert transform are orthogonal: 
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5. Double Hilbert Transform 
Applying the Hilbert transform twice gives: 

 𝐻 𝐻 𝑥(𝑡){ }{ } =− 𝑥(𝑡)
6. Magnitude Preservation 
The Hilbert transform does not change the magnitude spectrum, only the phase. 
7. Analytic Signal Formation 
It is used to form the analytic signal: 

 𝑧(𝑡) = 𝑥(𝑡) + 𝑗𝑥
^
(𝑡)

which contains only positive frequency components. 
8. Time-Invariant Property 
A time shift in the input produces the same time shift in the output: 

 𝐻 𝑥(𝑡 − 𝑡
0
){ } = 𝑥

^
(𝑡 − 𝑡

0
)

Answer-1(b) 



 



The equation 9 represents the canonical representation of band pass signals. 
 

Answer-2(a) 

 

 



 

 



 

 



 



 
Answer-2(b) 

 



 

 
 



 
Answer-3(a) 

 



 

 



 

 

 



 

 

 



 
Answer-3(b) 

 



 

 

 



 

 



 

 



 
Answer-4(a) 

 



 
Answer-4(b) 
Transmitter:- 

 
 
 
 



Receiver:- 

 

 



 

 
 

Answer-5(a) 
Definition of Entropy:-  

 



 
 
 
 
Properties of Entropy:- 

 

 

 

 



 

 

 

 

Average Information Content of Long Independent Sequences 
(Derivation) 
Consider a source emitting symbols independently. 
Let symbols: 

 
with probabilities: 

 
Consider a long sequence of length N 

 



Total probability of the sequence 

 
Information content of the sequence 

 
Average information per symbol 

 
For long independent sequences, the average information content per symbol equals entropy: 

 
and total information in a sequence of length N: 

 
1.​ Entropy represents average uncertainty 
2.​ Also represents minimum number of bits needed per symbol 
3.​  Fundamental limit for data compression (Shannon’s source coding theorem) 

 
 
 



Answer-5(b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Answer-6(a) 

 
 

 
 
 
 
 
 
 
 
 



Answer-6(b) 

 
 
 
 
 
 



Question-8(b) 

 
 
 



 
Question-9(b) 

1. Code Tree: 
• A code tree is a graphical representation showing all possible output 
sequences of a convolutional encoder. 
• It starts from an initial state and branches for every possible input bit 
(0 or 1). 
• Each branch shows encoder output corresponding to that input. 
• Number of branches increases exponentially with time. 
• Used mainly for understanding encoder operation, but not efficient for 
Decoding. 

 
2. State Graph: 
• A state graph shows all encoder states and transitions between them. 
• Each node represents one state of the encoder. 
• Each directed branch represents transition due to input bit. 
• Output corresponding to transition is labeled on branch. 
• Does not show time progression explicitly. 



 
 
3. Trellis Graph: 
• A trellis graph is a time-expanded version of the state graph. 
• It shows state transitions at each time instant. 
• States are repeated at every time step. 
• Used in Viterbi algorithm for decoding convolutional codes. 
• Makes it easier to find the most likely transmitted sequence 



 
 
 
 
 

Question-10(a) 

Steps of the Viterbi Algorithm 
The Viterbi algorithm is a maximum likelihood decoding algorithm used to decode convolutional 

codes. It finds the most probable transmitted sequence by selecting the path with the minimum 
distance metric in the trellis diagram. 

Key Terms: 
• State: Condition of encoder shift registers 
• Trellis: Time expanded state diagram 
• Branch Metric (BM): Distance between received and expected output 
• Path Metric (PM): Sum of branch metrics 
• Survivor Path: Path with minimum metric 
• ACS Operation: Add–Compare–Select process 
Steps of Viterbi Algorithm: 
1. Draw the trellis diagram representing all possible state transitions. 
2. Initialize path metrics: Initial state metric = 0, other states = ∞. 
3. Calculate branch metric using Hamming distance (hard decision) or 



Euclidean distance (soft decision). 
4. Perform Add–Compare–Select operation to find minimum path metric. 
5. Store survivor path for each state. 
6. Repeat the process for entire received sequence. 
7. Perform traceback from final state with minimum metric. 
8. Obtain decoded sequence from survivor path. 
Important Points: 
• Provides optimal decoding. 
• Minimizes probability of error. 
• Used in wireless, satellite and mobile communication. 
• Complexity increases with constraint length. 

 
 
 

Answer-7(a) 
Given Generator Matrix G: 
G = 
[1 0 0 1 0 1 
0 1 0 1 1 0 
0 0 1 0 1 1] 
All possible message vectors and codewords: 
000 → 000000 
001 → 001011 
010 → 010110 
011 → 011101 



100 → 100101 
101 → 101110 
110 → 110011 
111 → 111000 
Hamming weights: 
000000 → w=0 
001011 → w=3 
010110 → w=3 
011101 → w=4 
100101 → w=3 
101110 → w=4 
110011 → w=4 
111000 → w=3 
Minimum distance dmin = 3 
Parity Check Matrix H: 
H = 
[1 1 0 1 0 0 
0 1 1 0 1 0 
1 0 1 0 0 1] 
Encoder circuit equations: 
c1 = m1 
c2 = m2 
c3 = m3 
c4 = m1 ⊕ m2 
c5 = m2 ⊕ m3 
c6 = m1 ⊕ m3 
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