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UNIT 2: SYSTEM DESIGN AND TROUBLESHOOTING

TOPICS COVERED:

Concept of Digital System

Boolean Algebra & Logic Gates

Simplifications of Boolean Functions

Creating Logic Diagrams

System Troubleshooting

Hardware-Related Issues

INTRODUCTION

In this unit, we will discuss Boolean functions, logic, digital logic, and the difference

between analog and digital signals. We will also discuss several types of gates and

their truth tables. At the completion of this unit, you should be able to construct

Boolean expressions, create truth tables, and understand the basics of digital logic.

System troubleshooting is a vital skill for keeping computers, machines, and other

equipment  running  smoothly.  When  things  go  wrong,  troubleshooting  helps  to

identify  the problem and find a quick solution,  preventing issues like downtime,

reduced productivity, and potential damage.

SECTION 1: DIGITAL SYSTEMS

Q.1 What are digital systems? Also explain analog and digital signals, and

why are ADC and DAC important in electronic systems?

Answer:

Digital  systems are the backbone of today's electronics and computing systems.

They manipulate digital information in the form of binary digits, which are either 0

or 1, and are used in calculating devices such as calculators and computers, among

others.

1. Analog Signals

Analog signals are signals that change with time smoothly and continuously. They

can have any value within a given range.

1. 

2. 

3. 

4. 

5. 

6. 
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EXAMPLE

Voice signal (speaking)

Body's temperature

Radio-wave signals

2. Digital Signals

Digital signals are signals which have only two values that are in the form of '0' and

'1'.  These are utilized in digital  electronics and computing systems.  Digital  logic

circuits  use  these  binary  values  to  perform  various  operations,  and  they  are

essential to the functioning of computers and many other electronic devices.

3. ADC and DAC

Analog to Digital Converter (ADC) and Digital to Analog Converter (DAC) are

important  operations  in  today's  technological  developments,  enabling  the

transmission and control of signals.

Comparison Table: Analog vs Digital Signals

Analog Signal Digital Signal

Continuous Discrete or Discontinuous

Infinite possible values Finite (0 or 1)

Example: Sound waves, Pulse rate Example: Binary data in computers

SECTION 2: BOOLEAN ALGEBRA AND LOGIC GATES

Q.2 What is Boolean Algebra?

Answer:

Boolean  algebra  is  a  branch  of  mathematics  related  to  logic  and  symbolic

computation, using two values namely True and False. It is an essential branch of

digital circuits since it is the basis for the analysis and design of circuits.

The expressions are built  using AND, OR, and other logic operations and can be

reduced to optimize digital circuits in several ways.

• 

• 

• 
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Binary Variables and Logic Operations

Binary variables that can have only two values, 0 and 1. Logic operations are basic

operations implemented in Boolean algebra for processing of these binary variables.

The primary logic operations are AND, OR, and NOT.

Q.3 Explain the basic Boolean logic operations AND, OR, and NOT. How do

their truth tables determine the output for different binary inputs?

Answer:

1. AND Operation (·)

AND is the basic logical operator used in Boolean algebra. It requires two binary

inputs which will  give a single binary output. The symbol '·'  is used for the AND

operation. The output of the AND operation is "1" only when both inputs are "1".

Otherwise, the result is "0".

Example:

Consider two binary variables:

A = 1 (True)

B = 0 (False)

The AND operation can be written mathematically as:

P = A · B

In this example: A = 1, B = 0

Therefore, the result P of the AND operation is 0 (false).

Truth Table: AND Operation

A B A AND B (P) = A·B

0 0 0

0 1 0

1 0 0

1 1 1

Explanation:

If both A and B are 0 → output P is 0

If A is 0 and B is 1 → output P is 0

If A is 1 and B is 0 → output P is 0

• 

• 

• 

• 

• 
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If A is 1 and B is 1 → output P is 1

2. OR Operation (+)

The OR is another basic logical  operator in Boolean algebra. It  takes two binary

variables as input and produces a single binary output. The OR operation yields true

(1) output when at least one of the inputs is true (1). The output is 0 only when both

inputs are 0.

Example:

Consider two binary variables:

A = 1 (True)

B = 0 (False)

The OR operation can be written mathematically as:

P = A + B

In this example: A = 1, B = 0

Therefore, result P of the OR gate will be 1.

Truth Table: OR Operation

A B A OR B (P) = A+B

0 0 0

0 1 1

1 0 1

1 1 1

Explanation:

If A = 0 and B = 0 → P = 0

If A = 0 and B = 1 → P = 1

If A = 1 and B = 0 → P = 1

If A = 1 and B = 1 → P = 1

DID YOU KNOW?

Q. What is the result of 1 + 1 in binary logic, and why does it differ from

normal arithmetic?

• 

• 

• 

• 

• 

• 

• 
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Answer:  In binary logic, 1 + 1 does not equal 2 but equals 1 in logical operation.

This is because the OR operation returns a value of 1 if any or both of the inputs to

this operator are 1.

3. NOT Operation (¬ or overline)

The NOT operation is one of the basic Boolean algebra operations which takes a

single binary variable and simply negates its value. If the input is 1, the output is 0

and if the input is 0, the output is 1.

Example:

Consider a binary variable:

A = 1 (True)

The NOT operation can be written mathematically as:

P = Ā or P = ¬A

In this example: P = 0

This signifies that if A = 1 (True), the result of NOT operation is 0 (False).

Truth Table: NOT Operation

A NOT A (P)

0 1

1 0

Explanation:

When A = 0 → output P = 1

When A = 1 → output P = 0

A  NOT  operation  performs  the  negative  of  the  input  variable,  i.e.,  it  gives  the

opposite value. This operation is important in digital logic design to generate more

complex logic functions.

Q.4 What are Boolean functions, and how are they constructed using AND,

OR, and NOT operations? Explain their importance in digital circuits and

computers, giving examples with truth tables.

• 

• 

• 
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Answer:

1. Construction of Boolean Functions

Boolean functions are algebraic statements that describe the relationship between

binary variables and logical operations. These functions are particularly important

for  digital  logic design and are employed in formation of  various digital  circuits,

which  are  the  basis  of  current  computers,  mobile  phones,  and  even  simple

calculators.

2. Understanding Boolean Functions

A Boolean function is a function which has one or more binary inputs and produces a

single  binary  output.  The  inputs  and  outputs  can  only  have  two  values:  False

(represented  by  0)  and  True  (represented  by  1).  The  construction  of  Boolean

functions is done by employing the basic logical operations such as AND, OR, and

NOT, which connect the inputs to generate the correct output.

Example 1: Simple Boolean Function

Consider a Boolean function with two inputs, A and B. We can construct a function F

that represents the AND operation:

F(A,B) = A · B

Truth Table:

A B F(A,B) = A·B

0 0 0

0 1 0

1 0 0

1 1 1

Example 2: Complex Boolean Function

Consider a Boolean function with three inputs, A, B, and C:

taleemzone.com  |  Unit 2
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F(A,B,C) = A · B + Ā · C

3. Importance of Boolean Functions in Computers

Arithmetic Operations: Boolean functions are used in Arithmetic and Logic

Units (ALUs) of CPUs to perform operations like addition, subtraction,

multiplication, and division.

Data Processing: Boolean functions are used to process binary data in memory

and storage devices, ensuring efficient data manipulation and retrieval.

Control Logic: Boolean functions are applied in computers to control various

parts of the system's operation to function in a coordinated manner.

DID YOU KNOW?

Q. Who was George Boole, where and when was he born, and how did his

work contribute to future technology?

Answer: George Boole, a mathematician who invented Boolean algebra, was born

in Lincoln, England in 1815. His work laid the foundation for the digital revolution,

computer science, and subsequent future technologies.

Q.5 What are logic gates, and how do AND, OR, NOT, NAND, and XOR gates

function  in  electronic  circuits?  Provide  examples  to  illustrate  their

operation.

Answer:

Logic Gates and their Functions

Logic  gates  are  physical  devices  in  electronic  circuits  that  perform  Boolean

operations. Each type of logic gate corresponds to a basic Boolean operation.

Types of Logic Gates:

1. AND Gate (·)

Implements the AND function. It outputs true only when both inputs are True (1).

Example:  Imagine a simple electronic circuit with an AND gate. If you press two

switches (both must be ON), a light bulb will turn ON.

Switch 1: ON (True)

Switch 2: ON (True)

Light bulb: ON (True) because both switches are ON

If either switch is OFF, the light bulb will be OFF.

• 

• 

• 

• 

• 

• 

• 
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2. OR Gate (+)

Implements the OR function. It outputs true when at least one input is true.

3. NOT Gate (¬)

Implements the NOT function. It outputs the opposite of the input.

4. NAND Gate

This gate is achieved when an AND gate is combined with a NOT gate. It generates

true when at least one of the inputs is false. In other words, it is the inverse of the

AND gate.

Example:  Imagine a safety system where an alarm should go ON if either one of

two sensors detects an issue.

5. XOR Gate (Exclusive OR)

The XOR gate outputs true only when exactly one of the inputs is true. It differs from

the OR gate in that it does not output true when both inputs are true.

Example:  Imagine  a  scenario  where  you  can  either  play  video  games  or  do

homework, but not both at the same time.

Play video games: Yes (True)

Do homework: No (False)

Allowed? Yes (True) because only one activity is being done.

SECTION 3: SIMPLIFICATION OF BOOLEAN

FUNCTIONS

Q.6 What is the simplification of Boolean functions, and why is it important

in  digital  circuit  design?  Explain  with  examples  using  basic  Boolean

algebra rules.

Answer:

1. Simplification of Boolean Functions

Simplification of Boolean functions is a particularly important process in designing

an  efficient  digital  circuit.  Such  simplified  functions  require  fewer  gates  making

them  compact  in  size,  energy  efficient,  and  faster  than  complicated  ones.

• 

• 

• 
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Simplification  means  applying  Boolean  algebra  rules  to  make the  functions  less

complicated.

2. Basic Boolean Algebra Rules

Rule Name Formula

Identity Laws A + 0 = A, A · 1 = A

Null Laws A + 1 = 1, A · 0 = 0

Idempotent Laws A + A = A, A · A = A

Complement Laws A + Ā = 1, A · Ā = 0

Commutative Laws A + B = B + A, A · B = B · A

Associative Laws (A + B) + C = A + (B + C), (A · B) · C = A · (B · C)

Distributive Laws A · (B + C) = (A · B) + (A · C), A + (B · C) = (A + B) · (A + C)

Absorption Laws A + (A · B) = A, A · (A + B) = A

De Morgan's Theorems (A + B) = Ā · B̄, (A · B) = Ā + B̄

Double Negation Law Ā̄ = A

Example 1:

Simplify the expression A + Ā · B

Solution:

A + Ā · B = (A + Ā) · (A + B) [Distributive Law]

= 1 · (A + B) [Complement Law]

= A + B [Identity Law]

Example 2:

Simplify the expression Ā · B̄ + Ā · B

Solution:

Ā · B̄ + Ā · B = Ā · (B̄ + B) [Distributive Law]

= Ā · 1 [Complement Law]

= Ā [Identity Law]

Example 3:

Simplify the expression (A + B) · (A + B̄)

taleemzone.com  |  Unit 2
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Solution:

(A + B) · (A + B̄) = A + (B · B̄) [Distributive Law]

= A + 0 [Complement Law]

= A [Identity Law]

Example 4:

Simplify the expression Ā + B̄ · (A + B̄)

Solution:

Using De Morgan's Theorem, absorption law, and distributive law, this simplifies to Ā

+ B̄

SECTION 4: CREATING LOGIC DIAGRAMS

Q.7  How are  logic  diagrams  created,  and  what  is  the  role  of  Boolean

algebra and logic gates in designing digital circuits?

Answer:

Creating Logic Diagrams

The  logic  diagrams depict  the  working  of  a  digital  circuit  through  symbols  that

represent its individual logic gates.

Steps to Create a Logic Diagram:

Find out the logic gates needed for the Boolean function.

Arrange the gates to perform the operations as defined by the function of the

circuit.

Connect the inputs and the output of the gates correctly.

To  summarize,  knowledge of  Boolean algebra  and logic  gates  is  crucial  when it

comes to the creation and study of digital  circuits.  If  students understand those

concepts, they can build efficient and effective digital systems.

SECTION 5: SYSTEM TROUBLESHOOTING

Q.8 What is system troubleshooting, and what are the systematic steps

involved?  Explain  the  systematic  process  of  troubleshooting.  Describe

each step in detail.

1. 

2. 

3. 
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Answer:

System Troubleshooting

Troubleshooting  is  essential  for  maintaining  the  smooth  operation  of  systems,

whether  they  are  computers,  machines,  or  other  types  of  equipment.  When

something  goes  wrong,  troubleshooting  helps  identify  the  problem  and  find  a

solution quickly.

Example:  If your computer suddenly stops working, knowing how to troubleshoot

can help you get it running again without needing to call for expensive professional

help.

Systematic Process of Troubleshooting

The troubleshooting  process  involves  several  steps  that  help  you  systematically

identify and fix problems:

Step Description

1. Identify Problem Recognizing that something is not working

as it should

2. Establish a Theory of Probable

Cause

Thinking about what might be causing the

problem

3. Test the Theory to Determine the

Cause

Checking if the suspected cause is actually the

reason

4. Establish a Plan of Action Deciding what steps to take to resolve the issue

5. Implement the Solution Putting the plan into action

6. Verify Full System Functionality Checking that the problem is fully resolved

7. Document Findings Recording what was done and the outcomes

Step 1: Identify Problem

The  first  step  is  to  recognize  that  something  is  not  working  as  it  should.  For

example,  if  you press  the power button and your  laptop does not  turn ON,  the

problem is clear that it won't start.

Step 2: Establish a Theory of Probable Cause

Once you have identified the problem, the next step is to come up with a theory

about  what  might  be causing it.  For  example,  if  your  laptop does  not  turn  ON,

taleemzone.com  |  Unit 2
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possible  causes  might  be  a  dead  battery,  a  faulty  power  cord,  or  an  internal

hardware issue.

Step 3: Test the Theory to Determine the Cause

After establishing a theory, you need to test it to see if it is correct. For example, if

you think the laptop's battery is dead, you can test this theory by plugging in the

power cord and seeing if the laptop turns ON.

Step 4: Establish a Plan of Action

If your test confirms the cause, the next step is to come up with a plan to fix it. For

example, if the problem is a dead battery, your plan of action might be to replace

the battery or keep the laptop plugged in.

Step 5: Implement the Solution

Once you have a plan, you need to put it into action. For example, if your plan is to

replace the battery, you would buy a new battery and install it in your laptop.

Step 6: Verify Full System Functionality

After implementing the solution, you need to check to make sure that the problem is

fully resolved and the system is working properly again.

Step 7: Document Findings

Document what the problem was, what you found was causing it, what you did to fix

it, and the outcomes.

Q.9 Discuss the importance of troubleshooting in maintaining the smooth

operation of systems, especially computing systems.

Answer:

Importance of Troubleshooting

Troubleshooting is essential for maintaining the smooth operation of systems. Here

are the key reasons:

1. Prevents Downtime

Quick troubleshooting helps prevent system downtime, which can be very costly,

especially in businesses and government operations.
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2. Maintains Productivity

By identifying and fixing problems quickly,  troubleshooting ensures that systems

remain operational and users can continue their work without interruption.

3. Improves System Performance

Regular  troubleshooting  helps  identify  and  resolve  issues  that  might  be  slowing

down the system, improving overall performance.

4. Enhances Security

Troubleshooting can identify security vulnerabilities and threats, helping to protect

systems from malware and unauthorized access.

5. Extends Equipment Life

Regular  troubleshooting  and  maintenance  can  help  extend  the  life  of  computer

equipment. By identifying and fixing small issues before they become big problems,

you can prevent unnecessary wear and tear on the system.

6. Saves Costs

Effective  troubleshooting  can  save  money  by  reducing  the  need  for  expensive

repairs or replacements. By identifying and resolving issues early, you can avoid

costly downtime and prolong the life of your system.

Real-World Impact:  Effective troubleshooting in businesses helps prevent costly

downtime and maintains productivity, showing how important these skills are in the

real world.

Q.10 What are some common hardware issues in  computers,  and what

practical solutions can be applied to resolve problems?
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Answer:

Common Hardware Issues and Solutions

Issue Solution

Cable

Disconnection

Use cable ties or organizers to keep cables neat and out of the

way. Label cables to identify them easily.

Overheating Ensure proper ventilation to prevent overheating and ensure the

computer runs efficiently.

Peripheral

Devices

Replace relevant peripheral devices like keyboard, mouse, or LCD.

Modern Tools for Troubleshooting

Q. What are some modern tools used for troubleshooting computers, and

how do they help?

Answer:  Modern troubleshooting uses special  tools like memory diagnostic apps

(e.g., MemTest86) and hard drive health checkers (e.g., CrystalDiskInfo). These tools

act like superpowers,  helping to detect problems inside a computer by following

clues and gathering evidence.

Q.11 How can hardware failures, such as RAM and hard drive issues, be

recognized and diagnosed?

Answer:

Recognizing Hardware Failures

1. RAM Failures

Common Signs:

Frequent system crashes

Blue Screens of Death (BSOD)

Poor performance

Computer may fail to boot or restart randomly

Diagnostic Tools:

Windows Memory Diagnostic (built-in tool)

MemTest86 (third-party application)

• 

• 

• 

• 

• 

• 
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2. Hard Drive Failures

Common Signs:

Strange noises (clicking or grinding sounds)

Slow performance

System crashes

Corrupted files

Boot errors

Diagnostic Tools:

SMART checks (Self-Monitoring, Analysis, and Reporting Technology)

CrystalDiskInfo

Q.12  How  can  software-related  issues  be  identified  and  resolved  in

computers?

Answer:

Common Software Issues and Solutions

1. Software Conflicts

Symptoms:

System instability

Application crashes

Error messages

Solutions:

Identify and uninstall conflicting software

Reinstall or update the affected applications

Check for compatibility issues

Example:  If  two  applications  are  causing  system  instability,  removing  one  or

updating both to the latest versions can resolve the conflict.

2. Operating System Issues

Solutions:

Install software updates and patches

Update drivers

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Remove unnecessary programs

DID YOU KNOW?

Q. Why are software updates important, and what is an example of the

consequences of not updating?

Answer:  Software  updates,  such  as  those  for  operating  systems  or  antivirus

programs, are essential for security. For example, the WannaCry ransomware attack

in 2017 exploited a vulnerability in older Windows systems that had been patched in

a security update.

TOPIC WISE SHORT QUESTIONS (ADDITIONAL)

Basic Concept of Digital Systems

Q.1 What are digital systems?

Answer:  Digital systems are the backbone of modern electronics and computing

systems.  They  process  and  manipulate  digital  information.  This  information  is

represented in the form of binary digits.

Q.2 What are binary digits (Bits)?

Answer:  Binary digits are the basic units of digital systems. They have only two

possible values, which are 0 and 1. These values are used by digital  devices to

perform calculations and operations.

Q.3 Where are digital systems commonly used?

Answer: Digital systems are used in many electronic devices such as calculators

and computers.  They help in performing calculations and processing information

efficiently. These systems are essential in modern technology.

Q.4 What are analog signals?

Answer:  Analog signals are signals that change smoothly and continuously with

time. They can take any value within a given range. Examples include voice signals,

body temperature, and radio-wave signals.

Q.5 Write about digital signals.

Answer: Digital signals are signals that have only two possible values, which are 0

and 1. They are widely used in digital electronics and computing systems. Digital

circuits use these binary values to perform different operations.

• 
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Q.6 What do you know about ADC?

Answer: ADC is a device or process that converts analog signals into digital signals.

The  digital  signals  are  discrete  and  easier  to  process  by  electronic  devices.

Computers, smartphones, and microphones commonly use ADC.

Q.7 What is a Digital to Analog Conversion (DAC)?

Answer:  DAC is  a process that converts digital  signals into analog signals.  This

conversion  allows  humans  to  perceive  information  such  as  sound.  For  example,

speakers use DAC to produce sound from digital data.

Q.8 What is the main difference between analog and digital signals?

Answer: Analog signals are continuous and can have infinite possible values within

a range. Digital signals are discrete (discontinuous) and have only two values, 0 and

1. Digital signals are commonly used in computers and digital electronics.

Q.9 Why are ADC and DAC important in electronic systems?

Answer: ADC and DAC are important because they allow communication between

analog and digital systems. They enable the processing, storage, and transmission

of data. These conversions are essential in modern electronic devices.

Q.10 Why are digital signals better for transmission and storage?

Answer:  Digital  signals  are  less  affected  by  noise  and signal  degradation.  This

makes them more reliable for transmitting and storing information. Therefore, they

are widely used in modern communication systems.

Boolean Algebra and Logic Gates

Q.11 What is Boolean algebra?

Answer: Boolean algebra is a branch of mathematics related to logic and symbolic

computation. It uses two values, True and False, which are represented by 1 and 0 in

digital systems. It is very important because it forms the basis for the analysis and

design of digital circuits.

Q.12 What are Boolean functions and expressions?

Answer:  Boolean  functions  and  expressions  describe  the  relationship  between

binary variables using logical operations. They are built using operations such as

AND,  OR,  and  NOT.  These  expressions  help  in  designing  and  optimizing  digital

circuits.
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Q.13 What are binary variables and logic operations?

Answer:  Binary variables are variables that can have only two values, 0 and 1.

Logic  operations  are  basic  operations  used in  Boolean algebra  to  process  these

binary variables. The main logic operations are AND, OR, and NOT.

Q.14 Explain the AND logic operation.

Answer:  The AND operation is  a  basic  logical  operator  in  Boolean algebra that

takes two binary inputs and produces one output. The output becomes 1 only when

both inputs are 1, otherwise the output is 0. It is represented by the symbol (·).

Q.15 What does the truth table of the AND operation show?

Answer:  The truth table of the AND operation shows the output for all  possible

input combinations. If both inputs are 1, the output is 1. For all other combinations

like 0,0; 0,1; or 1,0, the output is 0.

Q.16 Explain the OR logic operation.

Answer: The OR operation is another basic logical operator that takes two binary

inputs and produces a single output. The output becomes 1 when at least one input

is 1. The output is 0 only when both inputs are 0.

Q.17 What does the truth table of the OR operation show?

Answer:  The  truth  table  of  the  OR  operation  displays  outputs  for  all  input

combinations. When A = 0 and B = 0, the output is 0. For all other combinations

where at least one input is 1, the output becomes 1.

Q.18 Draw the truth table of OR operation.

Answer:

A B A OR B

0 0 0

0 1 1

1 0 1

1 1 1
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Q.19 Explain the NOT logic operation.

Answer: The NOT operation is a basic Boolean operation that takes only one input.

It simply reverses or negates the value of the input. If the input is 1, the output

becomes 0, and if the input is 0, the output becomes 1.

Q.20 Draw the truth table of NOT operation.

Answer:

A NOT A

0 1

1 0

Q.21 What are Boolean functions?

Answer:  Boolean functions are algebraic  expressions that  describe relationships

between binary  variables  and  logical  operations.  They  take  one  or  more  binary

inputs and produce a single binary output. These functions are widely used in digital

circuit design.

Q.22 How are Boolean functions constructed?

Answer: Boolean functions are constructed using logical operations such as AND,

OR,  and NOT.  These operations  combine different  binary  variables  to  produce a

required output. They help in creating digital circuits used in electronic devices.

Q.23 Explain a simple Boolean function with an example.

Answer:  A  simple  Boolean  function  can  be  written  as  F(A,B)  =  A  ·  B,  which

represents an AND operation. The output becomes 1 only when both A and B are 1.

In all other cases, the output remains 0.
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Q.24 Draw the truth table of AND operation.

Answer:

A B A AND B

0 0 0

0 1 0

1 0 0

1 1 1

Q.25 Why are Boolean functions important in computers?

Answer: Boolean functions are very important in computers because they are used

in  the  design  of  digital  circuits.  They  help  in  performing  logical  and  arithmetic

operations.  These  functions  are  also  used  in  processors,  memory,  and  control

systems.

Q.26 How are Boolean functions used in arithmetic operations?

Answer:  Boolean  functions  are  used  in  the  Arithmetic  Logic  Unit  (ALU)  of  a

computer's  CPU.  They  help  perform  operations  such  as  addition,  subtraction,

multiplication, and division. These operations allow computers to process numerical

data efficiently.

Q.27 What are logic gates?

Answer: Logic gates are electronic devices that perform Boolean operations. Each

logic gate corresponds to a basic Boolean function such as AND, OR, or NOT. They

are the building blocks of digital circuits.

Q.28 What is an AND gate?

Answer:  An AND gate (·) implements the AND Boolean operation. It produces an

output 1 only when both inputs are 1. If any one input is 0, the output becomes 0.

Q.29 What is an OR gate?

Answer: An OR gate (+) performs the OR Boolean operation. It produces an output

1 when at least one input is 1. The output becomes 0 only when both inputs are 0.
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Q.30 What is a NOT gate?

Answer:  A NOT gate (¬) performs the NOT Boolean operation. It takes only one

input and produces the opposite value as output. For example, if the input is 1, the

output will be 0.

Q.31 What is a NAND gate?

Answer:  A NAND gate is created by combining an AND gate and a NOT gate. It

produces an output 0 only when both inputs are 1. In all other cases, the output is 1,

making it the inverse of the AND gate.

Q.32 What is an XOR gate?

Answer: The XOR (Exclusive OR) gate produces an output 1 only when exactly one

input is 1. If both inputs are the same (either 0,0 or 1,1), the output becomes 0. It is

different from the OR gate because it does not output 1 when both inputs are 1.

Simplification of Boolean Functions

Q.33 What is simplification of Boolean functions?

Answer:  Simplification of  Boolean functions  is  the process  of  reducing complex

Boolean expressions into simpler forms. This is done by applying Boolean algebra

rules. Simplified expressions require fewer logic gates in digital circuits.

Q.34 Why is simplification important in digital circuit design?

Answer: Simplification is important because it reduces the number of logic gates

required  in  a  circuit.  This  makes  the  circuit  smaller,  faster,  and  more  energy

efficient. It also improves the overall performance of digital systems.

Q.35 How is simplification of Boolean expressions performed?

Answer: Simplification is performed by applying different Boolean algebra rules and

theorems. These rules help in reducing complex expressions into simpler ones. As a

result, digital circuits become easier to design and implement.

Q.36 What are basic Boolean algebra rules used for simplification?

Answer: Basic fundamental Boolean algebra rules used for simplification are:

Identity Law

Null Law

Complement Law

Distributive Law

Absorption Law

• 

• 

• 

• 

• 

taleemzone.com  |  Unit 2

taleemzone.com  •  Class 9th Computer Science  •  Page 22 / 41



ta
le

em
zo

ne.c
om

   
  t

ale
em

zo
ne.c

om
   

  t
ale

em
zo

ne.c
om

De Morgan's Theorems

These rules help simplify logical  expressions and are widely used in digital  logic

design.

Q.37 How does simplification affect digital circuits?

Answer:  Simplification  reduces  the  number  of  gates  required  to  implement  a

Boolean  function.  This  results  in  smaller,  faster,  and  more  efficient  circuits.

Therefore, simplification is very important in digital system design.

Creating Logic Diagrams

Q.38 What are logic diagrams?

Answer: Logic diagrams are graphical representations of digital circuits. They use

symbols to represent different logic gates. These diagrams help in understanding

how a digital circuit works.

Q.39 Why are logic diagrams important in digital circuits?

Answer: Logic diagrams help designers visualize how logic gates are connected in

a circuit. They make it easier to analyze and understand circuit operations. They are

widely used in designing digital systems.

Q.40 What is the first step in creating a logic diagram?

Answer:  The first step in creating a logic diagram is to identify the logic gates

required for the Boolean function. This is done by analyzing the logical operations in

the expression. After that, the correct gates such as AND, OR, or NOT are selected.

Q.41 What is the second step in creating a logic diagram?

Answer: The second step is arranging the logic gates according to the operations

defined by the Boolean function. Each gate performs a specific logical operation.

Proper arrangement ensures the circuit produces the correct output.

Q.42 What is the final step in creating a logic diagram?

Answer: The final step is connecting the inputs and outputs of the gates correctly.

Proper connections allow signals to flow through the circuit as required. This ensures

the digital circuit functions correctly.

Q.43  How  do  Boolean  algebra  and  logic  gates  help  in  digital  system

design?

Answer:  Boolean algebra provides the mathematical rules for digital logic. Logic

gates implement these rules in electronic circuits. Together they help in creating

and analyzing digital systems efficiently.

• 
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System Troubleshooting

Q.44 What is troubleshooting and why is it important?

Answer:  Troubleshooting  is  the  process  of  identifying  and  fixing  problems  in

computers,  machines,  or  other  systems.  It  ensures  systems  operate  smoothly,

prevents downtime, and avoids costly professional help. Quick troubleshooting helps

maintain productivity and system reliability.

Q.45 What is the first step in the systematic troubleshooting process?

Answer:  The first step is to identify the problem. This involves recognizing that

something is not working as it should. For example, if a laptop doesn't turn ON, the

issue is clear from the start.

Q.46 How do you establish a theory of probable cause?

Answer:  After  identifying the problem, you form a theory about what might be

causing it. Example: A laptop not turning ON could be due to a dead battery, faulty

power cord, or internal hardware issues. This step narrows down possible causes.

Q.47 What does testing the theory mean?

Answer:  Testing  the  theory  means  checking  if  the  suspected  cause  is  actually

responsible for the problem. Example: Plugging in the laptop to see if it powers ON

confirms whether the battery is the issue. This helps avoid unnecessary repairs.

Q.48 What does implement the solution involve?

Answer:  Implementing the solution means carrying out the steps decided in the

action plan. Example: Installing a new battery or reconnecting loose cables. This

step directly addresses the cause of the problem.

Q.49 Why is verifying full system functionality important?

Answer:  After implementing the solution, you must check that the system works

properly. This ensures the problem is fully resolved and prevents recurring issues.

Example: Confirming a laptop powers ON without plugging in the cord after battery

replacement.

Q.50 Why should you document findings, actions, and outcomes?

Answer: Documentation records what the problem was, what caused it, and how it

was fixed. This helps in future troubleshooting and prevents repeated mistakes. It

also improves efficiency for similar issues in the future.
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Q.51 What are common hardware issues in computers?

Answer: Common hardware issues include cable disconnections, overheating, and

peripheral device failures. Loose cables, poor ventilation, or faulty keyboards and

mice can cause systems to malfunction. Identifying these issues quickly is key to

maintaining functionality.

Q.52 How can hard drive failures be recognized and diagnosed?

Answer: Hard drive failures show symptoms like strange noises, slow performance,

crashes, corrupted files, or boot errors. Tools like SMART checks or CrystalDiskInfo

can monitor drive health and identify issues early.

Q.53 Why are regular maintenance and security measures important?

Answer: Regular maintenance and security help ensure systems perform efficiently

and  remain  protected  against  threats.  Hands-on  troubleshooting  identifies  small

problems early, improving performance and preventing costly failures.

Q.54 How does maintaining software improve security and performance?

Answer: Keeping software updated and resolving conflicts prevents vulnerabilities

and  system  crashes.  Installing  patches,  updating  applications,  and  removing

conflicting software ensures smooth operation and protects the system from threats.

Q.55 How can troubleshooting improve system performance?

Answer: Troubleshooting identifies causes of slow performance, such as insufficient

memory,  software  conflicts,  or  hardware  malfunctions.  Resolving  these  issues

improves overall speed and efficiency of the computer system.

Q.56 How does troubleshooting extend the life of equipment?

Answer: By identifying and fixing small issues before they become major problems,

troubleshooting  prevents  unnecessary  wear  and  tear.  This  prolongs  the  life  of

computer hardware and reduces replacement costs.

Q.57 How does effective troubleshooting save costs in businesses?

Answer:  Troubleshooting  prevents  expensive  downtime,  reduces  the  need  for

professional  repairs,  and  maintains  productivity.  Early  identification  of  problems

helps save money and ensures smooth business operations.
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MULTIPLE CHOICE QUESTIONS

Digital Systems
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Q.No Question Answer

1 Digital systems manipulate information in

the form of:

(b) Binary digits (0 and 1)

2 Binary digits used in digital systems are: (b) 0 and 1

3 Digital systems are commonly used in devices

such as:

(c) Calculators and computers

4 Analog signals are signals that change with time: (c) Smoothly and

continuously

5 Which of the following is an example of an analog

signal?

(c) Voice signal (speaking)

6 Radio-wave signals are examples of: (b) Analog signals

7 Digital signals have how many possible values? (d) Two values (0 and 1)

8 Digital logic circuits perform operations using: (c) Binary values

9 ADC stands for: (c) Analog to Digital

Converter

10 ADC converts signals from: (c) Analog to digital

11 Which device converts digital signals into analog

signals?

(b) DAC

12 DAC stands for: (b) Digital to Analog

Converter

13 DAC allows humans to perceive information

through devices such as:

(c) Speakers

14 Which type of signal has infinite possible values? (d) Analog signal

15 Binary data in computers is an example of: (c) Digital signal

16 When a person speaks into a microphone, the

produced signal is:

(d) Both b, c (Continuous

signal, Analog signal)

17 In a sound communication system, speakers

convert digital signals back into:

(b) Analog sound waves

18 Analog signals are described as: (c) Continuous signals

19 The backbone of modern electronics and

computing systems is:

(d) Digital systems
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Boolean Algebra and Logic Gates
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Q.No Question Answer

20 Boolean algebra is a branch of mathematics

related to:

(b) Logic and symbolic

computation

21 Boolean algebra uses which two logical values? (c) True and False

22 Boolean functions describe the relationship between: (c) Binary variables

23 Binary variables can have how many possible

values?

(d) Two values (0 and 1)

24 The AND operation produces output 1 only when: (b) Both inputs are 1

25 The symbol commonly used for the AND operation is: (c) . (dot)

26 For inputs A = 1 and B = 0, the result of A·B is: (b) 0

27 In the truth table of the AND operation, the output is

1 when:

(c) A = 1 and B = 1

28 The OR operation produces output 1 when: (b) At least one input is 1

29 In Boolean logic, the expression 1 + 1 in an OR

operation equals:

(c) 1

30 If A = 0 and B = 0, the result of A + B is: (b) 0

31 The NOT operation performs: (c) Logical negation

32 The NOT operation requires: (d) One input

33 If A = 1, the result of NOT A or Ā is: (b) 0

34 The Boolean function F(A,B) = A·B represents: (c) AND operation

35 In the function F(A,B) = A·B, the output is 1 when: (c) A = 1 and B = 1

36 In computers, Boolean functions are used in the: (c) Arithmetic and Logic

Unit (ALU)

37 The AND gate outputs true when: (b) Both inputs are true

38 The OR gate outputs true when: (b) At least one input is

true

39 The NOT gate outputs: (b) Opposite value of the

input

40 A NAND gate outputs false only when: (c) Both inputs are 1
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Q.No Question Answer

41 The XOR gate outputs true when: (c) Exactly one input is true

Simplification of Boolean Functions

Q.No Question Answer

42 Simplification of Boolean functions is

mainly used to:

(c) Design efficient digital

circuits

43 Simplified Boolean functions require: (c) Fewer logic gates

44 In double negation law, \overline{\overline{A}}

= ?

(a) A

45 What is the dual of the Boolean expression A + 1

= 1?

(d) A·0 = 0

46 The identity law in Boolean algebra states that: (b) A + 0 = A

47 The null law in Boolean algebra states that: (a) A + 1 = 1

48 In Boolean algebra, the expression A + A

simplifies to:

(b) A

49 The law used in A + (A·B) = A is called: (c) Absorption law

50 According to complement law: (c) A + Ā = 1

51 The expression B·B̄ equals: (d) 0

52 The distributive law in Boolean algebra is similar

to:

(b) Algebraic distributive

property

53 Simplifying Boolean expressions helps in: (c) Reducing hardware

requirements

54 A circuit with fewer logic gates is usually: (c) Faster and more efficient

55 Boolean simplification is important in: (c) Digital electronics

56 The expression (A + B)·(A + B̄) simplifies to: (b) A

57 The law A·A = A is called: (b) Idempotent law

58 Boolean algebra simplification mainly reduces: (c) Number of logic gates
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Creating Logic Diagrams

Q.No Question Answer

59 Logic diagrams are used to represent: (c) Working of digital

circuits

60 In logic diagrams, symbols represent: (b) Individual logic gates

61 Logic diagrams help in understanding: (c) Digital circuit operations

62 Which of the following is essential for creating logic

diagrams?

(b) Knowledge of Boolean

algebra

63 Boolean algebra and logic gates are important for: (b) Designing digital

circuits

64 Understanding logic diagrams helps students to: (b) Build efficient digital

systems

65 A logic diagram visually represents: (c) Logical operations in a

circuit
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System Troubleshooting

Q.No Question Answer

66 The first step in the systematic

troubleshooting process is:

(b) Identify the problem

67 Overheating of a computer can be

prevented by:

(c) Ensuring proper ventilation

68 Symptoms of RAM failure include: (c) System crashes, BSOD, poor

performance, failure to boot

69 RAM diagnostic tools include: (c) Windows Memory Diagnostic, MemTest86

70 Symptoms of hard drive failure

include:

(c) Clicking noises, slow performance,

crashes, corrupted files

71 Tools for monitoring hard drive

health include:

(c) SMART status checks, CrystalDiskInfo

72 To replace RAM, one should first: (c) Check motherboard compatibility and

maximum capacity

73 Replacing a hard drive requires: (c) Backing up data, disconnecting old drive,

connecting new drive, reinstalling OS

74 Installing software updates and

patches helps:

(b) Protect against vulnerabilities and

improve performance

75 Resolving software conflicts

involves:

(c) Identifying conflicting applications and

updating or uninstalling them
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SOLVED EXERCISE

Multiple Choice Questions:

Q.No Question Answer

1 Which of the following Boolean expressions

represents the OR operation?

(b) A+B

2 What is the dual of the Boolean expression

A·0=0?

(a) A+1=1

3 Which logic gate outputs true only if both inputs

are true?

(b) AND gate

4 What is the decimal equivalent of the binary

number 1101?

(c) 13

5 What is the first step in the systematic process of

troubleshooting?

(c) Identify Problem

6 Why is effective troubleshooting important for

maintaining systems?

(c) It ensures systems operate

smoothly and efficiently

7 Which step involves coming up with a theory

about what might be causing a problem?

(b) Establish a Theory of

Probable Cause

8 After implementing a solution, what is the next

step in the troubleshooting process?

(c) Verify Full System

Functionality

9 Why is troubleshooting important in computing

systems?

(c) It helps keep systems

running smoothly and securely

SHORT QUESTIONS

Q.1 Define a Boolean function.

Answer:  A  Boolean  function  is  a  function  with  one  or  more  binary  inputs  and

produces a single binary output. The inputs and outputs can only have two values:

False (0) or True (1). Boolean functions describe the relationship between variables

using logic operations like AND, OR, and NOT.

Q.2 What is the significance of the truth table in digital logic?

Answer: A truth table demonstrates the output of a Boolean function or logic gate

for  all  possible  input  combinations.  It  helps  in  analyzing  and understanding  the

behavior of digital circuits.
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Q.3 Describe the function of a NOT gate with its truth table.

Answer:  A NOT gate takes a single binary input and outputs its opposite. If the

input is 1, the output is 0; if the input is 0, the output is 1.

Truth Table:

A NOT (A)

1 0

0 1

Q.4 Write the purpose of ADC and DAC.

Answer: An ADC (Analog to Digital Converter) converts analog signals into digital

signals  so  computers  and  devices  can  process  them.  A  DAC  (Digital  to  Analog

Converter) converts digital signals back into analog form so humans can perceive

them, e.g., through speakers.

Q.5 Make the truth table of two variables A, B for AND operation.

Answer:

Truth Table:

A B A·B

0 0 0

0 1 0

1 0 0

1 1 1

Q.6 What is the first step in the systematic process of troubleshooting?

Answer: The first step is to identify the problem, recognizing that something is not

working as it should.

Q.7 After identifying a problem, what is the next step in troubleshooting?

Answer:  The next step is to establish a theory of probable cause, thinking about

what might be causing the problem.

Q.8  Describe  the  importance  of  testing  a  theory  during  the

troubleshooting process.
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Answer:  Testing  the  theory  helps  determine  if  the  suspected  cause  is  correct,

ensuring that the actual problem is identified before taking corrective action.

Q.9  Explain  what  the  "Implement  the  Solution"  step  entails  in

troubleshooting.

Answer: Implementing the solution involves putting the plan of action into practice,

such as replacing a faulty  component  or  applying a software fix,  to  resolve the

problem.

Q.10  Why  is  it  necessary  to  verify  full  system  functionality  after

implementing a solution?

Answer: Verifying full system functionality ensures that the problem is completely

resolved and that the system operates properly, preventing recurring issues.

LONG QUESTIONS

Q.1 Explain the usage of Boolean operations in computers.

Answer:

Usage of Boolean Operations

Boolean  operations  are  very  important  in  computers  because  they  help  the

computer make decisions and process information. Computers work using only two

values: 0 (False) and 1 (True). Boolean operations like AND, OR, and NOT combine

these values to perform different tasks.

In  the  CPU:  Boolean  operations  help  with  arithmetic  tasks  like  addition  and

subtraction.

In Memory and Storage: They help process and organize data efficiently.

In Control Systems: They decide how different parts of the computer should work

together.

By  using  Boolean  logic,  computers  can  solve  problems,  follow  instructions,  and

control  hardware.  Without  Boolean  operations,  computers  would  not  be  able  to

function properly or perform complex tasks.

It's like giving a computer a way to think "yes" or "no" and make decisions based on

that. This is the foundation of all digital electronics and software programs we use

today.

Q.2 Simplify the following Boolean function using Boolean algebra rules:
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F(A,B) = A·B + A·B̄

Answer:

F(A,B) = A(B + B̄) [Taking A as Common]

Using the Complement Law: B + B̄ = 1

So, F(A,B) = A · 1

F(A,B) = A

Q.3 Discuss the importance of troubleshooting in maintaining the smooth

operation of systems, especially computing systems.

Answer: (See Long Question No. 9 - Importance of Troubleshooting)

Q.4 Explain the systematic process of troubleshooting. Describe each step

in detail.

Answer: (See Long Question No. 8 - Systematic Process of Troubleshooting)

Q.5  Discuss  the  importance  of  documenting  findings,  actions,  and

outcomes during the troubleshooting process.

Answer:

Importance of Documenting Findings, Actions, and Outcomes

Documenting  findings,  actions,  and  outcomes  is  an  important  part  of  the

troubleshooting process because it  creates a clear record of what was done and

what  results  were  achieved.  This  documentation  is  useful  for  future  reference,

helping to solve similar problems more quickly and efficiently.

Importance in simple words:

Keeps Track of Steps Taken: Writing down what you checked and fixed

ensures you don't repeat the same steps or miss anything important.

Helps in Future Troubleshooting: If the same problem occurs again, the

documentation provides a guide to quickly fix it without starting from scratch.

Improves Communication: In a workplace or team, documentation allows

others to understand what was done, making collaboration easier.

Supports Accountability: It shows that proper procedures were followed and

can help in identifying what worked and what didn't.

Assists in Learning: Reviewing past troubleshooting records helps you

understand patterns, common problems, and better solutions for the future.

1. 

2. 

3. 

4. 

5. 
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Q.6 Describe the different data backup methods.

Answer:

Data Backup Methods

Data backup is the process of copying and saving important information so that it

can be recovered if the original data is lost or damaged. Different backup methods

are used depending on how often data changes, how quickly it needs to be restored,

and how much storage is available.

Common Data Backup Methods:

Method Description Pros Cons

Full Backup A complete copy of all

data is made

Easy to restore

because all files are

included

Takes more time

and storage space

Incremental

Backup

Only backs up data that

has changed since the

last backup

Faster and uses less

storage

Restoring takes

longer because all

previous backups

must be applied

Differential

Backup

Backs up data changed

since the last full backup

Faster than full backup

and easier to restore

than incremental

Uses more storage

over time than

incremental

Mirror

Backup

Creates an exact copy of

the source data in real

time

Easy access to the

latest files

If a file is deleted

from the source, it is

also deleted from the

mirror

Cloud

Backup

Data is backed up online

to cloud storage services

Accessible from

anywhere, protects

against local hardware

failure

Depends on internet

speed and

subscription costs

Local

Backup

Data is saved to local

devices like external hard

drives, USBs, or network

drives

Fast backup and

restore

Vulnerable to

physical damage or

theft
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SOLVED ACTIVITIES

ACTIVITY 1: Understanding Boolean Functions in Daily Life

Objective: Understand how Boolean functions work in everyday devices.

Step 1: List daily tasks on your phone or calculator:

Entering a password

Unlocking the phone

Solving a math problem

Sending a message

Step 2: Identify tasks that require logical decisions:

Password entry → checks if input matches stored password (Boolean check: True/

False)

Calculator solving → uses logical operations internally to compute results

Step 3: Ask group members how Boolean functions are used in the background:

AND, OR, NOT operations in password verification

Logic circuits in calculators for arithmetic operations

ACTIVITY 2: Fun with Logic Gates

1. AND Adventure

Form pairs and give each pair two conditions they need to meet to win a prize (like

both wearing a specific color shirt).

2. OR Options

Make a list of fun activities. If at least one activity is possible, the class gets extra

playtime.

3. NOT Negatives

Ask true/false questions and have students shout the opposite answer. For example,

"Is the sky green?" Students should shout "No!" (NOT True).

4. Construct a Basic Circuit

Build a basic circuit using a breadboard, a battery, and LED lights to represent an

AND gate. Connect two switches which will serve as inputs A and B. The LED will

light up only when both switches are pressed.

• 

• 

• 

• 

• 

• 

• 

• 
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Materials: Breadboard, battery, LED, 2 switches

Steps:

Place LED on breadboard

Connect switches as inputs A and B in series with LED

Connect battery to circuit

Test: LED lights only when both switches are pressed (demonstrating AND logic)

ACTIVITY 3: Common Computer Issues

Objective: Recognize and resolve common computer issues.

Step 1: Introduction

Discuss common issues:

Applications freezing

Unresponsive peripherals (mouse, keyboard, printer)

Slow performance

Step 2: Task

Students receive a list of issues and troubleshooting guides.

If a program freezes → Step: Restart the program or check updates

If mouse doesn't respond → Step: Check USB connection or replace batteries

Step 3: Solve individually

Follow guide step by step. Record observations and solutions for each issue.

ACTIVITY 4: Security Practices

Objective: Learn and apply basic security practices.

Step 1: Introduction

Discuss threats: malware, weak passwords, outdated software.

Explain importance of updates and antivirus scans.

Step 2: Task

Create a strong password: Mix letters (upper & lower), numbers, and symbols

(Example: St@r2026!)

Run a security scan with antivirus software

Update operating system to the latest version

Step 3: Documentation

Write down:

Password created

1. 

2. 

3. 

4. 

• 

• 

• 

• 

• 

• 

• 

• 

1. 
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Steps taken for antivirus scan

OS update completed

Outcomes (e.g., malware detected, updates installed)

QUICK REFERENCE: KEY FORMULAS

Boolean Algebra Laws

Law Formula

Identity A + 0 = A, A · 1 = A

Null A + 1 = 1, A · 0 = 0

Idempotent A + A = A, A · A = A

Complement A + Ā = 1, A · Ā = 0

Commutative A + B = B + A, A · B = B · A

Associative (A+B)+C = A+(B+C), (A·B)·C = A·(B·C)

Distributive A·(B+C) = (A·B)+(A·C), A+(B·C) = (A+B)·(A+C)

Absorption A + (A·B) = A, A·(A+B) = A

De Morgan's (A+B) = Ā·B̄, (A·B) = Ā+B̄

Double Negation Ā̄ = A

Truth Tables Summary

AND Gate:

A B Output

0 0 0

0 1 0

1 0 0

1 1 1

2. 

3. 

4. 
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OR Gate:

A B Output

0 0 0

0 1 1

1 0 1

1 1 1

NOT Gate:

A Output

0 1

1 0

End of Unit 2 Notes

This response is AI-generated, for reference only.
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