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Marking Scheme


QUESTION 1
(a) Consider the signal  in the below 
[image: ]

(i) Find the Even signal    , and the Odd Signal  from the above given signal 										 [11 Marks]
SOLUTION
(i) We know that  can be written as 
 			[1 Mark]
	Therefore,  find the signal .
	 can be drawn as 
[image: A graph of a function

Description automatically generated]
											[3 Marks]
Therefore,  can be drawn as 
[image: A graph of a function

Description automatically generated]
[3 Marks]
Also, We know that  can be written as 
 			 [1 Mark]
 can be drawn as 
[image: A graph of a function

Description automatically generated]
												[3 Marks]
(ii) Also, Prove that   + =  ----------(1)
We know that the Even and the Odd signals can be written as 
 --------(2)
 --------(3)
Adding (2) and (3),							[1 Mark]
 
 						[2 Marks]
 							[1 Mark]
Hence the proof. 

(iii) If  then, find the value of 	
From the above found  can be drawn as
[image: A graph of a function

Description automatically generated]
											[1 Mark]
On applying  in the above diagram we get,
[image: ]
														[3 Marks]
(iv) Scale the signal  from part (iii) by a factor of 2 and shift it right by 2 units.															[5 Marks]
SOLUTION
Scaled by 2
[image: ]
													[2 Marks]
Shifted Right by 2 Units
[image: ]
														[3 Marks]
QUESTION 2
(a) Suppose that the system of Figure: 2(a) has the impulse response h(t) given in Figure : 2(b). The system input is the unit step function 

[image: A black and white diagram with black arrows

Description automatically generated]
Figure: 2(a) 
[image: ]
Figure : 2(b)
Answer the following to generate 
(i) Mathematical Representation of 					
SOLUTION

									
											[3 Marks]
(ii) Formula for Convolution Integral.					
SOLUTION

												[2 Marks]
(iii) Simplify the unit step and derive the convolution Integral.							
SOLUTION
For 
x(t) is also equal to x(τ). Since τ is a dummy input variable			[1 Mark]

												[1 Mark]
	 Derivation
	      The limits vary between 0 to t from the figure (b).
		So,  from 0 to t
Let 
							[2 Marks]
Substituting into the integral, we get:
						[1 Mark]
Limit’s transformations
    	If  (First limit)
 	If (Second limit)					[1 Mark]
 		So, from 				[1 Mark]

		
(iv) Evaluate for different Intervals						
SOLUTION
When 
							[1 Mark]
Since both  and  are 
When 
						[1 Mark]	
				[1 Mark]
				[1 Mark]
-
        		       
 -1					[2 Marks]
(v) Find the final mathematical expression for 			
SOLUTION

											[3 Marks]

(vi) Sketch the Output of 						
SOLUTION
[image: ]
													[4 Marks]
						
QUESTION 3
(a) Provide answers to the below questions related to ADC.
(i) What is Flash Type ADC?  and explain its basic working principle. 	[8 Marks]
SOLUTION
A Flash Type ADC, also known as a parallel ADC, is a type of analogue-to-digital converter that uses a bank of comparators to convert an analogue input voltage (𝑉i​ ) into a digital output in a single step.						[2 Marks]
Working Principles
· The input voltage 𝑉𝑖  is compared simultaneously against a set of reference voltages (𝑉𝑎 ) using multiple comparators.				[1Mark]
· Each comparator outputs a binary signal indicating whether 𝑉𝑖 is above or below the reference voltage 𝑉𝑎.						[1 Mark]
· The binary outputs from the comparators are fed into a priority encoder.
[1 Mark]
· The Priority Encoder  generates the final 3- bit digital output.	
											[1 Mark]
(ii) Draw a block diagram of a 3-bit Flash Type ADC. Label all components clearly.
[6 Marks]
SOLUTION
[image: ]


(iii) Explain how a Flash Type ADC works with 3-bit binary inputs 	[8 Marks]
SOLUTION
Working of 3- bit Flash Type
· The input voltage 𝑉𝑖​  is applied to all 7 comparators simultaneously.
· We use 3 bit, so n= 3, =7. Therefore, We use 7 comparators for 3- bit ADC
· Reference voltages might be 𝑉𝑅/8,2𝑉𝑅/8,3𝑉𝑅/8,…,15𝑉𝑅/8 which uses Voltage Divider Rule.
· Each comparator compares 𝑉𝑖 with a different reference voltage from the ladder.
· If 𝑉𝑖 > Va, the comparator outputs a 1; 
· If 𝑉𝑖 ><Va, it outputs a 0.
· The outputs of the comparators are feeder to the priority encoder.
· The Priority Encoder checks the position of the last highest value and determines the position of the bit. 
· The corresponding position will be the digital number which could be converted into its 3- bit binary representation.
· 3- bit binary output represents are produced as the output of the priority encoder which is the converted digital voltage. 
				[Each Point contains 1 Mark, totally 8 Marks]	


(iv) Illustrate from the 3-bit diagram, how the value 5V is obtained in digital form.	[3 Marks]
SOLUTION
· Comparators 0 to 5 output HIGH (logic 1), Comparators 6 and 7 output LOW (logic 0)								[1 Mark]
· Priority encoder selects index 5 and outputs binary 101	[1 Mark]
	Input to the Priority Encoder
	3-bit Output
	Index Value
	Voltage

	0000000
	000
	0
	0-1V

	0000001
	001
	1
	1-2V

	0000011
	010
	2
	2-3V

	0000111
	011
	3
	3-4V

	0001111
	100
	4
	4-5V

	0011111
	101
	5
	5-6V

	0111111
	110
	6
	6-7V

	1111111
	111
	7
	7-8V



[1 Mark]
QUESTION 4
(a) Explain the Transmission and Reception Frame of UART.		[5 Marks]
(b) Consider a UART communication scenario where the string " PRINT " is transmitted.
(i) Provide the binary representation of each ASCII character in the string. 
									[5 Marks]
(ii) Demonstrate how the UART data frame would be constructed for each
character by providing relevant diagram.				[15 Marks]
SOLUTION
(a) Transmission and Reception Frame of UART
[image: ]	
												[2 Marks]
· Transfer of a data is done by 8 to 11-bits. 					[1 Mark]
· The transfer bits contains  1 Start bit(1 logic low)Various information data bits.
												[1 Mark]
· Optional parity bit and 1 stop bits(logic high)				[1 Mark]


(b) Communication Scenario
(i) Binary Representations
	P	: Hex Value = 50 and the binary value is 010100000			[1 Mark]
	R	: Hex Value = 52 and the binary value is 01010010				[1 Mark]
	I	: Hex Value = 49 and the binary value is 01001001				[1 Mark]
	N	: Hex Value = 4E and the binary value is 01001110				[1 Mark]
	T	: Hex Value = 54 and the binary value is 01010100				[1 Mark]
UART Data Frame Diagrams
	For Character ‘P’
[image: ]

											[3 Marks]

For Character ‘R’

[image: ]
										[3 Marks]
For Character ‘I’
[image: ]
										[3 Marks]
For Character ‘N’

[image: ]
										[3 Marks]
For Character ‘T’

[image: ]
										[3 Marks]
								Diwedd/End
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