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Basic Electronics (ECE 102) SECTION – C (PART I - Introduction & Number System)
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INTRODUCTION There are two types of signals that carry information – (A) analog signals (B) digital signals Each of the types of signals are explained below: (A) Analog signals:  



 



Analog signals are continuous signals and can have value any in a limited range. In the real world most of the quantities such as sound, velocity, temperature, pressure, etc are analog quantities. A analog signal is represented as follows:



Figure 1 – Analog & Digital signal waveform Analog Signal has continuous amplitude variation with respect to time. For example, when a person speaks into telephone, the sound waves are transformed into electrical signal with similar waveform characteristics. Telephone set converts sound energy into electrical form. This electrical signal is transmitted over the channel to the receiving end. At the receiving end, the loudspeaker in the receiving handset again converts the analog electrical signal received back into sound variations.



(B) Digital Signals:  Digital signal is one which changes between two discrete levels of voltage or values.  Digital signal is represented in Figure 1 above.  As shown in figure, signal has two discrete levels. These levels can be represented using the terms LOW and HIGH.
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Figure – Positive & Negative Logic



EKAMBIR SIDHU



3



ADVANTAGES OF DIGITAL SIGNALS OVER ANALOG SIGNALS 1. Digital systems are easier to design – A system having only two levels LOW and HIGH are easier to design. Exact numerical values of the signal is not important rather we are only interested in the range in which the signal value lies. But analog signals have numerical amplitude value importance, hence comparatively they are difficult to design. 2. Digital systems have fast response time i.e. they are fast. 3. On digital system information can be easily restored and retrieved very easily. 4. Digital systems are much more accurate and precise. 5. Digital systems are easier to use because direct display of data is convenient to read. 6. Digital circuits can be fabricated on IC chips easily as compared to analog circuits. 7. Digital systems have high noise immunity (less affected by noise) than analog systems. 8. Digital circuits have got large storage capacity which makes them suitable for use in calculators etc.



LIMITATIONS OF DIGITAL SYSTEMS OVER ANALOG SYSTEMS



PRACTICE QUESTIONS 1. Differentiate between analog and digital signals. 2. Digital systems are better than analog systems. Justify the statement. 3. List the advantages & limitations of digital systems over analog systems. 4. What do you mean by logic 0 and logic 1? Explain. 5. Explain the concept of positive and negative logic in digital systems. EKAMBIR SIDHU
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NUMBER SYSTEM There are four types of number system in digital electronics: (A) Digital Number System (B) Binary Number System (C) Octal Number System (D) Hexadecimal Number System 1. Decimal Number System  Decimal Number system contains ten unique symbols – 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9.  Since counting in decimal involves 10 symbols, therefore its base OR radix is 10.  Base or radix is defined as “the number of different digits which can occur in each position in the number system”  It is positional weighted system i.e. value attached to the symbol depends on its location with respect to its decimal point.  Each symbol in a number is called digit e.g. in decimal number 127, there are 3 digits (1,2 and 7)  Left most digit in a number is called LSD (Least significant digit) whereas rightmost digit in a number is called MSD (Most significant digit).  Digits to the left of decimal point have positive powers of 10 whereas digits to the left of decimal point have positive powers of 10.



2. Binary Number System: 



Binary Number system contains two unique symbols – 0 and 1.







Therefore base or radix of binary number system is two.







Each of the symbols (0 or 1) are known as bits.







Binary number system is also as weighted number system.







Left most bit is known as LSB (Least Significant Bit) whereas rightmost bit is known as MSB (Most Significant Bit).







The below table represents binary numbers and their respective decimal numbers:
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B3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1



BINARY NUMBER B2 B1 0 0 0 0 0 1 0 1 1 0 1 0 1 1 1 1 0 0 0 0 0 1 0 1 1 0 1 0 1 1 1 1



DECIMAL NUMBER B0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15



Figure – Binary numbers & their decimal equivalents



Note:  Collection of 4 bits is known as nibble ( e.g. 1011 is a nibble consisting of 4 bits)  Collection of 8 bits is known as byte (e.g. 10011100 is a byte consisting of 8 bits)



3. Octal Number System: 



Octal Number system contains eight unique symbols – (0, 1, 2, 3, 4, 5, 6 and 7).







Therefore base or radix of binary number system is eight.







Each of the symbols (0 to 7) are known as digits.







Octal number system is also as weighted number system.







Left most bit is known as LSD (Least Significant Digit) whereas rightmost bit is known as MSD (Most Significant Digit).







The below table represents binary numbers and their respective octal numbers:
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BINARY NUMBER B2 B1 0 0 0 0 0 1 0 1 1 0 1 0 1 1 1 1



OCTAL NUMBER B0 0 1 0 1 0 1 0 1



0 1 2 3 4 5 6 7



Figure – Binary numbers & their octal equivalents 4. Hexadecimal Number System: 



Hexadecimal Number system contains 16 unique symbols – 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E and F.







Therefore base or radix of binary number system is 16.







Each of the symbols (0 to F) are known as digits.







Octal number system is also as weighted number system.







Left most bit is known as LSD (Least Significant Digit) whereas rightmost bit is known as MSD (Most Significant Digit).







The below table represents binary numbers and their respective hexadecimal numbers:



B3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1



BINARY NUMBER B2 B1 0 0 0 0 0 1 0 1 1 0 1 0 1 1 1 1 0 0 0 0 0 1 0 1 1 0 1 0 1 1 1 1



HEXADECIMAL NUMBER B0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1



0 1 2 3 4 5 6 7 8 9 A B C D E F



Figure – Binary numbers & their hexadecimal equivalents
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CONVERSION OF NUMBER SYSTEMS 1. Binary to Decimal Conversion:



2. Decimal to Binary Conversion:
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3. Octal to Binary Conversion:



4. Binary to Octal Conversion:



5. Decimal to Octal Conversion:
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6. Octal to decimal conversion:



7. Binary to hexadecimal conversion:
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8. Hexadecimal to Binary Conversion:



9. Hexadecimal to Decimal Conversion:
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10. Decimal to Hexadecimal Conversion:



11. Octal to Hexadecimal Conversion:
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12. Hexadecimal to Octal Conversion:



NUMBER REPRESENTATIONS:
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NOTE: Method of obtaining the 1’s complement of a number: Invert the each bit of a given number to obtain 1’s complement of a number.
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MISCELLANEOUS EXAMPLES
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