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Chap1 Introductory Concepts  
Digital and Analog Quantities  
After completing this section, you should be able to

Define  analog
Define  digital
Explain the difference between digital and analog quantities 
State the advantages of digital over analog
Give examples of how digital and analog quantities are used in electronics

 

 

The Digital Advantage

i



Digital representation has certain advantages over analog representation in electronics applications. For 
one thing, digital data can be processed and transmitted more efficiently and reli- ably than analog data. 
Also, digital data has a great advantage when storage is necessary. For example, music when converted to 
digital form can be stored more compactly and reproduced with greater accuracy and clarity than is 
possible when it is in analog form. Noise (unwanted voltage fluctuations) does not affect digital data nearly 
as much as it does analog signals.

 

在电⼦应⽤中，数字表示⽐模拟表示具有某些优势。⼀⽅⾯，数字数据可以⽐模拟数据更有效、更可靠地处理和传
输。此外，当需要存储时，数字数据具有很⼤的优势。例如，转换为数字形式的⾳乐⽐模拟形式的⾳乐可以更紧凑
地存储，并以更⾼的准确性和清晰度进⾏再现。噪声（不需要的电压波动）对数字数据的影响⼏乎不如对模拟信号
的影响。

 

Binary Digits, Logic Levels, and Digital Waveforms  
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Basic Logic Functions  
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Combinational and Sequential Logic Functions  











Introduction to Programmable Logic  







Fixed-Function Logic Devices  



Test and Measurement Instruments  









Chap2 Number Systems, Operations, and
Codes

 

 

2–1 Decimal Numbers  

digits: The decimal number system has ten digits.

weight:The decimal number system has a base of 10.

 

2–2 Binary Numbers  











2–3 Decimal-to-Binary Conversion  

Repeated Division-by-2 Method  



For example:

 

 

 

Repeated Multiplication by 2  

For example:





 

 

 

 

 

2–4 Binary Arithmetic  

Add binary numbers  

 

 

 

 

Subtract binary numbers  

 

 

 

Multiply binary numbers  

 

 

 

Divide binary numbers  

 

 

 

2–5 Complements of Binary Numbers  

Convert a binary number to its 1’s complement  

   





Convert a binary number to its 2’s complement using either of
two methods

 

2–6 Signed Numbers  

The Sign Bit  

The left-most bit in a signed binary number is the sign bit, which tells you whether the number is positive or 
negative.

A 0 sign bit indicates a positive number, and a 1 sign bit indicates a negative number.

In the 1’s complement form, a negative number is the 1’s complement of the corresponding positive 
number.

In the 2’s complement form, a negative number is the 2’s complement of the corresponding positive 
number.

For example:

 

 

 



Range of Signed Integer Numbers  

Floating-Point Numbers  

A floating-point number (also known as a real number) consists of two parts plus a sign. The mantissa is 
the part of a floating-point number that represents the magnitude of the number and is between 0 and 1. 
The exponent is the part of a floating-point number that represents the number of places that the decimal 
point (or binary point) is to be moved.

浮点数（也称为实数）由两部分加上⼀个符号组成。尾数是浮点数的⼀部分，代表数字的⼤⼩，介于 0 和 1 之间。
指数是浮点数的⼀部分，代表⼩数点（或⼆进制⼩数点）的位数。 ) 将被移动。

Single-Precision Floating-Point Binary Numbers  

 

There are two exceptions to the format for floating-point numbers: The number 0.0 is repre- sented by all 
0s, and infinity is represented by all 1s in the exponent and all 0s in the mantissa.

浮点数的格式有两个例外：数字 0.0 由全 0 表示，⽆穷⼤由指数中的全 1 和尾数中的全 0 表示。





 

2–7 Arithmetic Operations with Signed Numbers  
Addition

The two numbers in an addition are the addend and the augend. The result is the sum. There are four 
cases that can occur when two signed binary numbers are added.

1. Both numbers positive
2. Positive number with magnitude larger than negative number
3. Negative number with magnitude larger than positive number
4. Both numbers negative



Overflow Condition

When two numbers are added and the number of bits required to represent the sum exceeds the number 
of bits in the two numbers, an overflow results as indicated by an incorrect sign bit. 

An overflow can occur only when both numbers are positive or both numbers are nega- tive. If the sign bit 
of the result is different than the sign bit of the numbers that are added, overflow is indicated. 

Subtraction  

To subtract two signed numbers, take the 2’s complement of the subtrahend and add. Discard any 
final carry bit.





Multiplication  

The numbers in a multiplication are the multiplicand, the multiplier, and the product.

The sign of the product of a multiplication depends on the signs of the multiplicand and the multiplier 
according to the following two rules:

• If the signs are the same, the product is positive.

• If the signs are different, the product is negative.

 

 

 

Division  

The numbers in a division are the dividend, the divisor, and the quotient. These are illus- trated in the 
following standard division format.

 

 

 

 

 

2–8 Hexadecimal Numbers  
The hexadecimal number system has a base of sixteen; that is, it is composed of 16 numeric and 
alphabetic characters. 







Binary-to-Hexadecimal Conversion  

 

 

 

 

Hexadecimal-to-Binary Conversion  

 

 

 



 

Hexadecimal-to-Decimal Conversion  

 

 

 

 

 

 

Decimal-to-Hexadecimal Conversion  

 

 

 

 

 

 

Hexadecimal Addition  

 

 

 

 



 

 

2–9 Octal Numbers  
After completing this section, you should be able to u Write the digits of the octal number system

Convert from octal to decimal
Convert from decimal to octal 
Convert from octal to binary 
Convert from binary to octal

 

 

 

 

 

 

 

 

2–10 Binary Coded Decimal (BCD)  
Binary coded decimal (BCD) is a way to express each of the decimal digits with a binary code. 

 

 

 





 

 

 

2–11 Digital Codes  

The Gray Code  

The Gray code is unweighted and is not an arithmetic code; that is, there are no specific weights assigned to 
the bit positions. 



ASCII  

ASCII is the abbreviation for American Standard Code for Information Interchange. Pro- nounced “askee,” 
ASCII is a universally accepted alphanumeric code used in most comput- ers and other electronic 
equipment. 

 

 

Unicode  

Unicode provides the ability to encode all of the characters used for the written languages of the world by 
assigning each character a unique numeric value and name utilizing the universal character set (UCS). It is 
applicable in computer applications dealing with multi- lingual text, mathematical symbols, or other 
technical characters.



Unicode 通过使⽤通⽤字符集 (UCS) 为每个字符分配⼀个唯⼀的数值和名称，提供了对⽤于世界书⾯语⾔的所有字
符进⾏编码的能⼒。它适⽤于处理多语⾔⽂本、数学符号或其他技术字符的计算机应⽤程序。

2–12 Error Codes  

Parity Method for Error Detection  




