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Introduction

IT Essentials: PC Hardware and Software Companion Guide, Third Edition, is a supple-
mental book to the Cisco Networking Academy IT Essentials: PC Hardware and Software
version 4 course. The course teaches you how to build a computer and troubleshoot prob-
lems that occur in everyday use. The course is designed to prepare you to take and pass the
CompTIA A+ exams (based on the 2006 objectives). By reading and completing this book,
you have the opportunity to review all key concepts that the CompTIA A+ exams cover. If
you use this book along with its companion I T Essentials: PC Hardware and Software Labs
and Sudy Guide, Third Edition (ISBN 1-58713-198-6), you can reinforce those concepts
with hands-on exercises and test that knowledge with review questions and exercises.

The IT Essentials: PC Hardware and Software course is divided into two main units. The
first unit, covered in Chapters 1 through 10, goes over the foundational knowledge that
aligns with the CompTIA A+ Essentials exam (220-601). The second unit, covered in
Chapters 11 through 16, explores more advanced concepts in greater depth to prepare you
for the specialized CompTIA A+ technician exams (220-602 for IT Technician, 220-603 for
Remote Support Technician, and 220-604 for Bench Technician). You must pass both the
A+ Essentials and one of the technician exams to earn the A+ certification.

The course and book also align with the objectives in the first three modules of the EUCIP
IT Administrator certification (http://www.eucip.org): Module 1 PC Hardware, Module 2
Operating Systems, and Module 3 Local Area Networks and Network Services.

Who Should Read This Book

This book isintended for students in the Cisco Networking Academy IT Essentials PC
Hardware and Software version 4 course. This student typically is pursuing a career in
information technology (IT) or wants to have the knowledge of how a computer works, how
to assemble a computer, and how to troubleshoot hardware and software issues.

Features of This Book

The features in this book facilitate an understanding of computer systems and troubl eshoot-
ing system problems. The highlights of each chapter are as follows:

m Objectives: Each chapter starts with alist of objectives that should be mastered by the
end of the chapter. The objectives provide a reference of the concepts covered in the
chapter.

m Key terms: Each chapter includes alist of key terms in the chapter. These terms serve
as astudy aid and are defined in the book’s glossary. The key terms reinforce the con-
cepts introduced in the chapter and help you understand the chapter material before you
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move on to new concepts. You can find the key terms highlighted in blue throughout
the chapter, where they are used in best context.

m Explanatory text, lists, figures, and tables: This book contains figures, procedures,
and tables to accompany the thorough text explanations of the objective content and to
help explain and visualize theories, concepts, commands, and setup sequences.

= Chapter summaries: At the end of each chapter is a summary of the concepts covered
in the chapter. The summary provides a synopsis of the chapter and serves as a study aid.

m L ab, Worksheet, Class Discussion, and Remote Technician references: Throughout
each chapter and at the end of each chapter, there are references to the Labs,
Worksheets, Class Discussions, and Remote Technician exercises that can be found in
the accompanying IT Essentials. PC Hardware and Software Labs and Sudy Guide,
Third Edition (ISBN 1-58713-198-6).

= Virtual Desktop Activity and Virtual Laptop Activity references: Throughout each
chapter and at the end of each chapter, there are references to the Virtual Desktop activ-
ities and Virtual Laptop activities that can be found on the CD that accompanies this
book.

m “Check Your Understanding” review questions. Review questions are presented at
the end of each chapter to serve as an assessment. In addition, the questions reinforce
the concepts introduced in the chapter and help test your understanding before moving
on to subsequent chapters.

m CD-ROM: The CD that accompanies this book contains al the Virtual Desktop activi-
ties and Virtual Laptop activities referenced throughout the book. The Virtual Desktop
and Virtual Laptop are standalone tools designed by Cisco to supplement classroom
learning by providing a virtual “hands-on” experience where real equipment is limited.
The minimum system requirements to run the Virtual Desktop and Virtual Laptop are
512 MB RAM and the Windows 2000 or XP operating system.

How This Book Is Organized
This book is divided into 16 chapters, one appendix, and a glossary of key terms:

m Chapter 1, “Introduction to the Personal Computer”: Information technology (I1T)
is the design, development, implementation, support, and management of computer
hardware and software applications. An IT professional is knowledgeable about com-
puter systems and operating systems. This chapter will review IT certifications and the
components of a basic personal computer system.

m Chapter 2, “Safe Lab Procedures and Tool Use”: This chapter covers basic safety
practices for the workplace, hardware and software tools, and the disposal of hazardous
materials. Safety guidelines help protect individuals from accidents and injury and
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protect equipment from damage. Some of these guidelines are designed to protect the
environment from contamination by discarded materials. Stay alert to situations that
could result in injury or damage to equipment. Warning signs are designed to alert you
to danger. Always watch for these signs and take the appropriate action according to
the warning given.

Chapter 3, “Computer Assembly—Step by Step”: The first step in the assembly
process is gathering the components and completing the computer inventory. Preparing
and installing the components are detailed in a step-by-step process. In the final steps,
you review the checklist, assemble the case, and boot the system for the first time.
Assembling computersis alarge part of atechnician’s job. As atechnician, you will
need to work in alogical, methodical manner when working with computer compo-
nents. As with any learned trade, computer assembly skills will improve dramatically
with practice.

Chapter 4, “Basics of Preventive Maintenance and Troubleshooting”: This chapter
introduces preventive maintenance and the troubleshooting process. Preventive mainte-
nance is aregular and systematic inspection, cleaning, and replacement of worn parts,
materials, and systems. Preventive maintenance helps to prevent failure of parts, mate-
rials, and systems by ensuring that they are in good working order. Troubleshooting is a
systematic approach to locating the cause of afault in a computer system. A good pre-
ventive maintenance program helps minimize failures. With fewer failures, thereis less
troubleshooting to do, thus saving an organization time and money.

Chapter 5, “ Fundamental Operating Systems’: The operating system (OS) controls
amost all functions on a computer. In this chapter, you will learn about the compo-
nents, functions, and terminology related to the Windows 2000 and Windows XP oper-
ating systems.

Chapter 6, “ Fundamental Laptops and Portable Devices’: Laptops, persona digital
assistants (PDA), and smartphones are becoming more popular as their prices decrease
and technology continues to progress. As a computer technician, you need to have
knowledge of portable devices of al kinds. This chapter focuses on the differences
between laptops and desktops and describes the features of PDAs and smartphones.

Chapter 7, “Fundamental Printersand Scanners’: This chapter will provide essen-
tial information about printers and scanners. You will learn how printers operate, what
to consider when purchasing a printer, and how to connect printers to an individual
computer or to a network. You must understand the operation of various types of print-
ers and scanners to be able to install and maintain them, as well as troubleshoot any
problems that might arise.

Chapter 8, “Fundamental Networks’: This chapter will provide an overview of net-
work principles, standards, and purposes. The different types of network topologies,
protocols, and logical models, as well as the hardware needed to create a network, will
also be discussed in this chapter. Configuration, troubleshooting, and preventive
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maintenance will be covered. You will also learn about network software, communica-
tion methods, and hardware relationships.

m Chapter 9, “Fundamental Security”: Technicians need to understand computer and
network security. Failure to implement proper security procedures can have an impact
on users, computers, and the general public. Private information, company secrets,
financial data, computer equipment, and items of national security are placed at risk if
proper security procedures are not followed. This chapter will cover why security is
important, security threats, security procedures, and how to troubleshoot security
issues.

m Chapter 10, “Communication Skills’: As acomputer technician, you will not only
fix computers but also interact with people. In fact, troubleshooting is as much about
communicating with the customer as it is about knowing how to fix a computer. In this
chapter, you will learn to use good communication skills as confidently as you use a
screwdriver.

m Chapter 11, “Advanced Personal Computers’: In your career as atechnician, you
might have to determine whether a component for a customer’s computer should be
upgraded or replaced. It isimportant that you develop advanced skills in installation
procedures, troubleshooting techniques, and diagnostic methods for computers. This
chapter discusses the importance of component compatibility across hardware and soft-
ware. It also covers the need for adequate system resources to efficiently run the cus-
tomer’s hardware and software.

m Chapter 12, “Advanced Operating Systems’: The installation, configuration, and
optimization of operating systems are examined in greater detail in this chapter. There
are various brands of operating systems on the market today, including Microsoft
Windows, Apple Mac OS, UNIX, and Linux. A technician must consider the current
computer system when selecting an operating system. Each of these operating systems
offers many of the same features with a similar interface. However, some functions
necessary for specific customer needs might not be available in al of them. You must
be able to compare and contrast operating systems to find the best one based on your
customer’s needs.

m Chapter 13, “Advanced L aptops and Portable Devices’: With the increase in
demand for mobility, the popularity of laptops and portable devices will continue to
grow. During the course of your career, you will be expected to know how to configure,
repair, and maintain these devices. The knowledge you acquire about desktop comput-
ers will help you service laptops and portable devices. However, there are important
differences between the two technologies.

m Chapter 14, “Advanced Printersand Scanners’: This chapter explores the function-
ality of printers and scanners. You will learn how to maintain, install, and repair these
devicesin both local and network configurations. The chapter discusses safety hazards,
configuration procedures, preventive maintenance, and printer and scanner sharing.
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= Chapter 15, “Advanced Networks': This chapter focuses on advanced networking
topics, including network design, network component upgrades, and e-mail server
installations. Basic networking topics such as safety, network components, and preven-
tive maintenance are also discussed.

m Chapter 16, “Advanced Security”: This chapter reviews the types of attacks that
threaten the security of computers and the data contained on them. A technician is
responsible for the security of data and computer equipment in an organization. The
chapter describes how you can work with customers to ensure that the best possible
protection isin place.

= Appendix, “Answersto Check Your Understanding Questions’: This appendix lists
the answers to the Check Your Understanding review questions that are included at the
end of each chapter.

m Glossary: The glossary provides you with definitions for al the key terms identified in
each chapter.

About the A+ Certification

As aCompTIA Authorized Quality Curriculum, IT Essentials. PC Hardware and Software
v4.0 will help prepare you for the new CompTIA A+ Essentials and job-skills certification
exams. To become A+ certified, you will need to pass two exams to become certified in
your chosen career area:

m CompTIA A+ Essentials (220-601)

= Any one of the three job-skills exams:
m 220-602: IT Technician
m 220-603: Remote Support Technician
m 220-604: Depot Technician

After becoming certified, you will be qualified to work as a computer support professional
and technician in a variety of work environments and industries.

The CompTIA A+ exam is explained in detail, including alist of the objectives, by visiting
the following website:

http://certification.comptia.org/al

When you are ready to take the exam, you must purchase and schedule your two A+ exams.
The necessary information to accomplish this can be found at the following website:

http://certification.comptia.org/resources/registrati on.aspx






CHAPTER 1

Introduction to the Personal Computer

Objectives

Upon completion of this chapter, you should be able to answer the following questions:

m What are IT industry certifications?
= What is a computer system?

= How can | identify the names, purposes, and
characteristics of cases and power supplies?

m What are the names, purposes, and characteris-
tics of internal components?

Key Terms

= What are the names, purposes, and characteris-
tics of ports and cables?

= How can | identify the names, purposes, and
characteristics of input devices?

= How can | identify the names, purposes, and
characteristics of output devices?

m What are system resources and their purposes?

This chapter uses the following key terms. You can find the definitions in the Glossary.

hardware page xx

software  page xx

Ohm'sLaw page xx

central processing unit (CPU)  page xx

cache page xx

Reduced Instruction Set Computer (RISC) page xx
Complex Instruction Set Computer (CISC) page xx
hyperthreading page xx

single-core CPU  page xx

dual-core CPU  page xx

read-only memory (ROM) page xx

programmable read-only memory (PROM)  page xx

erasable programmable read-only memory (EPROM)
page xx

electrically erasable programmable read-only
memory (EEPROM)  page xx

random-access memory (RAM)  page xx
dynamic RAM (DRAM)  page xx
nonparity page xx

parity page xx

NIC page xx

RAID adapter page xx

USB port  page xx
parallel port page xx

serial port page xx

continues
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continued

Industry Standard Architecture (ISA)  page xx

Extended Industry Standard Architecture (EI1SA)
page xx

Microchannel Architecture (MCA) page xx
Peripheral Component Interconnect (PCl) page xx
Advanced Graphics Port (AGP) page xx
PCI-Express page xx

Integrated Drive Electronics (IDE) page xx

Enhanced Integrated Drive Electronics (EIDE)
page xx

Parallel ATA (PATA) page xx

Serial ATA (SATA) page xx

Small Computer System Interface (SCH) page xx
FireWire page xx

PS2 port  page xx

Video Graphics Array (VGA) page xx

Digital Visual Interface (DVI) page xx

High-Definition Multimedia Interface (HDMI)
page xx

S\Video page xx

Component/RGB  page xx

CRT page xx

LCD page xx

DLP page xx

pixel page xx

dot pitch page xx

refresh rate  page xx
interlaced/noninterlaced page xx
Horizontal Vertical Colors (HVC) page xx
aspect ratio  page xx

interrupt request (IRQ)  page xx
input/output (1/0) port address  page xx
Direct Memory Access (DMA) page xx
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Information technology (IT) is the design, development, implementation, support, and man-
agement of computer hardware and software applications. An IT professiona is knowledge-
able about computer systems and operating systems. This chapter reviews I T certifications
and the components of a basic personal computer (PC) system.

Explain IT Industry Certifications

This course focuses on desktop and |aptop computers. It also discusses electronic devices,
such as personal digital assistants and cell phones.

Training and experience will qualify atechnician to service these computers and personal
electronic devices. You will gain the specialized technical skills you need to install, main-
tain, and repair computers. Earning an industry-standard certification will give you confi-
dence and increase your opportunitiesin IT.

This course focuses on the following two industry-standard certifications:
= The Computing Technology Industry Association (CompTIA) A+

= The European Certification of Informatics Professional (EUCIP) IT Administrator
Certification (Modules 1, 2, and 3)

After completing this section, you will meet these objectives:
m |dentify education and certifications.
m Describe the A+ Certification.

m Describe the EUCIP Certification.

Identify Education and Certifications

Information Technology (IT) is aterm that encompasses the relationship between hardware,
software, networks, and technical assistance provided to users. This book covers the infor-
mation that a technician needs to be successful in IT. The IT Essentials course covers the
following topics:

= PCs

m Safe lab procedures
= Troubleshooting

= Operating systems
= | aptop computers

m Printers and scanners

m Networks
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m Security
m Communication skills

This course focuses on two hardware and software skills-based industry certifications:
CompTIA A+ and EUCIP. This course is only an introduction to the world of IT. A techni-
cian may continue to study and earn the following certifications:

m CCNA (Cisco Certified Networking Associate)

m CCNP (Cisco Certified Networking Professional)

m CCIE (Cisco Certified Internetworking Expert)

m CISSP (Certified Information Systems Security Professional)
= MCP (Microsoft Certified Professional)

= MCSA (Microsoft Certified Systems Administrator)

= MCSE (Microsoft Certified Systems Engineer)

= Network+ (CompTIA Network Certification)

m Linux+ (CompTIA Linux Certification)

IT certifications can be used as credits for university and college degrees in areas such as
computer science and telecommunications.

Describe the A+ Certification

CompTIA developed the A+ Certification program. A CompTIA A+ certification signifies
that a candidate is a qualified PC hardware and software technician. CompTIA certifications
are known throughout the I'T community as one of the best ways to enter the information
technology field and build a solid career.

An A+ Certification candidate must pass two exams. All certification candidates must pass
the A+ Essentials exam (Exam 220-601). The Essentials exam covers the basic skills need-
ed to install, build, upgrade, repair, configure, troubleshoot, optimize, diagnose, and main-
tain basic PC hardware and operating systems.

The second advanced exam depends on the type of certification you want. Each advanced
exam assesses specialized skillsin one of the following areas:

m | T Technician (Exam 220-602): Assesses field-service technicians who work in both
mobile and corporate technical environments.

m Remote Support Technician (Exam 220-603): Assesses remote-support technicians
who are responsible for assisting a customer without physically touching the cus-
tomer’s computer. A remote technician often works in a call-center environment, where
technicians resolve operating system and connectivity issues over the telephone or
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Internet. A remote-support technician is also called a help-desk technician, a call-center
technician, a technical specialist, or atechnica representative.

m Depot Technician (Exam 220-604): Assesses depot technicians, who have limited
interaction with the customer and work primarily in aworkshop or lab. A depot techni-
cian is aso called a bench technician.

/ Worksheet 1.1.2: Job Opportunities

In this activity, you use the Internet, magazines, or alocal newspaper to gather information
on jobs in the computer service and repair field. Be prepared to discuss your research with
the class. Refer to the worksheet in IT Essentials: PC Hardware and Software Labs and
Sudy Guide, Third Edition. You may complete this worksheet now or wait to do so until the
end of the chapter.

Describe the EUCIP Certification

The EUCIP IT Administrator program offers a recognized certification of competencein IT.
The certification covers the standards prescribed by the Council of European Professional
Informatics Societies (CEPIS). The EUCIP IT Administrator Certification consists of five
modules, as described in the following sections, with a corresponding exam for each mod-
ule. This course prepares you for Modules 1, 2, and 3.

Module 1: Computer Hardware

The Computer Hardware module requires that the candidate understand the basic makeup
of a PC and the functions of the components. The candidate should be able to effectively
diagnose and repair hardware problems. The candidate should be able to advise customers
of appropriate hardware to buy.

Module 2: Operating Systems

The Operating Systems module requires that the candidate be familiar with the procedures
for installing and updating most common operating systems and applications. The candidate
should know how to use system tools to troubleshoot and repair operating systems.

Module 3: Local-Area Network and Network Services

The Local-Area Network and Network Services module requires that the candidate be
familiar with the procedure of installing, using, and managing local-area networks (LAN).
The candidate should be able to add and remove users and shared resources. The candidate
should know how to use system tools to troubleshoot and repair networks.
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Module 4: Expert Network Use

This module is beyond the scope of the IT Essentials course, although some of the topics
are covered. The Expert Network Use module requires that the candidate understand LAN
communication.

Module 5: IT Security

This module is beyond the scope of the IT Essentials course, athough some of the topics
are covered. The IT Security module requires that the candidate be familiar with security
methods and features that are available for a standalone or networked computer.

Describe a Computer System

A computer system consists of hardware and software components. Hardware is the physi-
cal equipment such as the case, storage drives, keyboards, monitors, cables, speakers, and
printers. The term softwar e includes the operating system and programs. The operating sys-
tem instructs the computer how to operate. These operations may include identifying,
accessing, and processing information. Programs or applications perform different func-
tions. Programs vary widely, depending on the type of information that is accessed or gen-
erated. For example, instructions for balancing a checkbook are very different from instruc-
tions for simulating a virtual-reality world on the Internet.

The following sections discuss the hardware components found in a computer system.

Identify the Names, Purposes, and
Characteristics of Cases and Power Supplies

The computer case provides protection and support for the computer’s internal components.
All computers need a power supply to convert alternating-current (AC) power from the wall
socket into direct-current (DC) power. The size and shape of the computer case is usualy
determined by the motherboard and other internal components.

You can select alarge computer case to accommodate additional components that may be
required in the future. Other users may select a smaller case that requires minimal space. In
general, the computer case should be durable and easy to service and should have enough
room for expansion.

The power supply must provide enough power for the components that are currently
installed and allow for additional components that may be added later. If you choose a
power supply that powers only the current components, it may be necessary to replace the
power supply when other components are upgraded.
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After completing this section, you will meet these objectives:
m Describe cases.

m Describe power supplies.

Describe Cases

A computer case contains the framework to support a computer’s internal components while
providing an enclosure for added protection. Computer cases typically are made of plastic,
steel, and aluminum and are available in a variety of styles.

The size and layout of a caseis called aform factor. There are many types of cases, but the
basic form factors for computer cases include desktop and tower. Desktop cases may be
slimline or full-sized, and tower cases may be mini or full-sized, as shown in Figure 1-1.

Figure 1-1 Tower Cases

Computer cases are referred to in a number of ways:
= Computer chassis
= Cabinet
= Tower
= Box
= Housing

In addition to providing protection and support, cases also provide an environment designed
to keep the internal components cool. Case fans are used to move air through the computer
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case. As the air passes warm components, it absorbs heat and then exits the case. This
process keeps the computer’s components from overheating.

You must consider many factors when choosing a case:
m The size of the motherboard
= The number of external or interna drive locations, called bays
= Available space

When choosing a computer case, consider the following:

= Model type: There are two main case models. One type is for desktop PCs, and the
other is for tower computers. The type of motherboard you choose determines the type
of case that can be used. The size and shape must match exactly.

m Size: If acomputer has many components, it needs more room for airflow to keep the
system cool.

= Available space: Desktop cases allow space conservation in tight areas, because the
monitor can be placed on top of the unit. The design of the desktop case may limit the
number and size of the components that can be added.

m Power supply: You must match the power rating and connection type of the power
supply to the type of motherboard you have chosen.

= Appearance: Some people don’'t care how the case looks. Others do. You have many
case designs to choose from if you want an attractive case.

m Statusdisplay: What is going on inside the case can be very important. LED indica-
tors that are mounted on the front of the case can tell you if the system is receiving
power, when the hard drive is being used, and when the computer is on standby or

sleeping.

m Vents: All cases have a vent on the power supply, and some have another vent on the
back to help draw air into or out of the system. Some cases are designed with more
vents in the event that the system needs a way to dissipate an unusual amount of heat.
This situation may occur when many devices are installed close together in the case.

In addition to providing protection from the environment, cases help prevent damage from
static electricity. Internal components of the computer are grounded by attachment to the
case.

Note
You should select a case that matches the physical dimensions of the power supply and motherboard.
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Describe Power Supplies

The power supply, shown in Figure 1-2, converts alternating-current (AC) power coming
from awall outlet into direct-current (DC) power, which is a lower voltage. DC power is
required for all the components inside the computer.

Figure 1-2  Power Supply

Connectors

Most connectors today are keyed connectors. Keyed connectors are designed to be inserted
in only one direction. Each part of the connector has a colored wire with a different voltage
running through it, as described in Table 1-1.

Note

Different power supply form factors provide different power output connections, depending on sys-
tem requirements. AT form factors have been slowly phased out by ATX form factor power supplies
because of the different case sizes and advanced features. ATXv12 was created to add power support
for the motherboard by adding another four-pin power connector.

Table 1-1 Power Color Codes
Wire AT Power ATX Power ATXv12 Power
Voltage Color Use Supply Form Supply Form Supply Form
+12V Yellow Disk drive motors, v v v
fans, cooling
devices, and

system bus slots

continues
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Table 1-1 Power Color Codes continued

Wire AT Power ATX Power ATXv12 Power
Voltage Color Use Supply Form Supply Form Supply Form

-12v Blue Some types of v v v
serial port circuits
and early pro-
grammable
read-only
memory (PROM)

+3.3V Orange Most newer CPUS, v v
some types of
system memory,
and AGP video
cards

+5V Red M otherboard, v v v
Baby AT and
earlier CPUs, and
many motherboard
components

3\ White ISA bus cards v v v
and early PROMS

ov Black Ground: Used to v v v
complete circuits
with the other
voltages

Different connectors are used to connect specific components and various locations on the
motherboard:

= A Molex connector is a keyed connector used to connect to an optical drive or hard
drive.

= A Berg connector is a keyed connector used to connect to a floppy drive. A Berg con-
nector is smaller than a Molex connector.

m A 20-pin or 24-pin dotted connector is used to connect to the motherboard. The 24-pin
dotted connector has two rows of 12 pins each, and the 20-pin slotted connector has
two rows of 10 pins each.

= A four-pin-to-eight-pin auxiliary power connector has two rows of two to four pins and
supplies power to al areas of the motherboard. The four-pin-to-eight-pin auxiliary
power connector is the same shape as the main power connector, but smaller.
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m Older standard power supplies used two connectors called P8 and P9 to connect to the
motherboard. P8 and P9 were unkeyed connectors. They could be installed backwards,
potentially damaging the motherboard or power supply. The installation required that
the connectors were lined up with the black wires together in the middle.

Note

If you have a difficult time inserting a connector, try a different way, or check to make sure that no
bent pins or foreign objects are in the way. Remember, if it seems difficult to plug in any cable or
other part, something is wrong. Cables, connectors, and components are designed to fit together
snugly. Never force any connector or component. Connectors that are plugged in incorrectly will
damage the plug and the connector. Take your time, and make sure that you are handling the hard-
ware correctly.

Electricity and Ohm’s Law
The four basic units of electricity are

= \Voltage (V)

= Current (I)

= Power (P)

m Resistance (R)

Voltage, current, power, and resistance are electronics terms that a computer technician
must know:

= Voltage is a measure of the force required to push electrons through a circuit. VVoltage
is measured in volts (V). A computer power supply usually produces several different
voltages.

m Current is ameasure of the number of electrons going through a circuit. Current is
measured in amperes, or amps (A). Computer power supplies deliver different amper-
ages for each output voltage.

= Power isameasure of the pressure required to push electrons through a circuit, called
voltage, multiplied by the number of electrons going through that circuit, called cur-
rent. The measurement is called watts (W). Computer power supplies are rated in watts.

m Resistance is the opposition to the flow of current in a circuit. Resistance is measured
in ohms. Lower resistance allows more current, and therefore more power, to flow
through a circuit. A good fuse has low resistance or a measurement of almost 0 ohms.

Here's a basic equation that expresses how voltage, current, and resistance relate to each
other:

V=IR
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This equation, known as Ohm'’s Law, states that voltage is equal to the current multiplied
by the resistance.

In an electrical system, power (P) is equal to the voltage multiplied by the current, as
expressed by the following equation:

P=VI
In an electrical circuit, increasing the current or voltage results in higher power.

As an example of how this works, imagine a simple circuit that has a 9-V light bulb hooked
up to a 9-V battery. The power output of the light bulb is 100 W. Using the equation to cal-
culate power, you can calculate how much current in amps would be required to get 100 W
out of this 9-V bulb.

To solve this equation, you use the following information that you know:
P=100W
V=9V
So:
[=100W/9V =11.11A
What happens if a12-V battery and a 12-V light bulb are used to get 100 W of power?
100 W / 12V = 8.33 amps
This system produces the same power, but with less current.

Computers normally use power supplies ranging from 200 W to 500 W. However, some
computers may need 500-W to 800-W power supplies. When building a computer, select a
power supply with sufficient wattage to power all the components. Obtain the wattage infor-
mation for the components from the manufacturer’s documentation. When deciding on a
power supply, be sure to choose a power supply that has more than enough power for the
current components.

Caution

Do not open a power supply. Electronic capacitors located inside a power supply can hold a charge
for extended periods of time.

Identify the Names, Purposes, and
Characteristics of Internal Components

This section discusses the names, purposes, and characteristics of a computer’s internal
components, as shown in Figure 1-3.
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Figure 1-3  Computer Components

After completing this section, you will meet these objectives:

Identify the names, purposes, and characteristics of motherboards.

Identify the names, purposes, and characteristics of CPUSs.

Identify the names, purposes, and characteristics of cooling systems.

I dentify the names, purposes, and characteristics of ROM and RAM.

Identify the names, purposes, and characteristics of adapter cards.

Identify the names, purposes, and characteristics of storage drives.

Identify the names, purposes, and characteristics of internal cables.

Identify the Names, Purposes, and Characteristics of
Motherboards

The motherboard is the main printed circuit board. It contains the buses, or electrical
pathways, found in a computer. These buses allow data to travel between the various
components that comprise a computer. A motherboard is also known as the system board,
backplane, or main board. Figure 1-4 shows a variety of motherboards.

The motherboard accommaodates the central processing unit (CPU), RAM, expansion slots,
heat sink/fan assembly, BIOS chip, chip set, and the embedded wires that interconnect the
motherboard components. Sockets, internal and external connectors, and various ports are

also placed on the motherboard.
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Figure 1-4  Motherboards

The form factor of motherboards pertains to the board's size and shape. It also describes the
physical layout of the different components and devices on the motherboard. Motherboards
have various form factors:

= Advanced Technology (AT)

m Advanced Technology Extended (ATX)

m Smaller footprint than Advanced Technology Extended (Mini-ATX)
m Smaller footprint than Advanced Technology Extended (Micro-ATX)
= Low-Profile Extended (LPX)

= New Low-Profile Extended (NLX)

= Balanced technology Extended (BTX)

An important set of components on the motherboard is the chip set. The chip set is com-
posed of various integrated circuits attached to the motherboard that control how system
hardware interacts with the CPU and motherboard. The CPU isinstalled into a slot or sock-
et on the motherboard. The socket on the motherboard determines the type of CPU that can
beinstalled.

The chip set of a motherboard allows the CPU to communicate and interact with the com-
puter’s other components and to exchange data with system memory (RAM), hard-disk
drives, video cards, and other output devices. The chip set establishes how much memory
can be added to a motherboard. The chip set also determines the type of connectors on the
motherboard.

Most chip sets are divided into two distinct components, northbridge and southbridge. What
each component does varies from manufacturer to manufacturer, but in general the north-
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bridge controls access to the RAM, video card, and the speeds at which the CPU can com-
municate with them. The video card is sometimes integrated into the northbridge. The
southbridge, in most cases, allows the CPU to communicate with the hard drives, sound
card, USB ports, and other input/output (1/0O) ports.

Identify the Names, Purposes, and Characteristics of
CPUs

The central processing unit (CPU) is considered the computer’s brain. It is sometimes
called the processor. Most calculations take place in the CPU. In terms of computing power,
the CPU is the most important element of a computer system. CPUs come in different form
factors, each style requiring a particular slot or socket on the motherboard. Common CPU
manufacturers include Intel and AMD.

The CPU socket or slot is the connector that is the interface between the motherboard and
the processor. Most CPU sockets and processors in use today are built around the pin grid
array (PGA) architecture, in which the pins on the underside of the processor are inserted
into the socket, usually with zero insertion force (ZIF). ZIF refers to the amount of force
needed to install a CPU into the motherboard socket or slot. Slot-based processors are car-
tridge-shaped and fit into a slot that looks similar to an expansion slot. Tables 1-2 through
1-8 list common CPU socket specifications.

Table 1-2 CPU Socket Specifications: Intel/AMD 486 Class

Socket Pins Layout Voltage Supported Processors

Socket 1 169 17x17 PGA 5V 486 SX/SX2, DX/DX2, DX4 OD

Socket 2 238 19x19 PGA 5V 486 SX/SX2, DX/DX2, DX4 OD, 486
Pentium OD

Socket 3 237 1919 PGA 5/3.3V 486 SX/SX2, DX/DX2, DX4, 486
Pentium OD, AMD 5x86

Socket 6 235 19x19 PGA 33V 486 DX4, 486 Pentium OD

Table 1-3 CPU Socket Specifications: Intel/AMD 586 (Pentium) Class

Socket Pins Layout Voltage Supported Processors

Socket 4 273 21x21 PGA 5V Pentium 60/66, OD

Socket 5 320 37x37 SPGA  3.3V/35V Pentium 75-133, OD

Socket 7 321 37x37 SPGA  VRM Pentium 75-233+, MM X, OD, AMD

K5/K6, Cyrix M/l




16 IT Essentials: PC Harware and Software Companion Guide

Table 1-4 CPU Socket Specifications: Intel 686 (Pentium II/lll) Class

Socket Pins Layout Voltage Supported Processors

Socket 8 387 Dual-pattern ~ Auto VRM  Pentium Pro, OD
SPGA

Slot 1 242 Slot Auto VRM Pentium I1/111, Celeron SECC
(SC242)

Socket 370 370 37x37 SPGA  AutoVRM  Celeron/Pentium |11 PPGA/FC-PGA

Table 1-5 CPU Socket Specifications: Pentium 4 Class

Socket Pins Layout Voltage Supported Processors

Socket 423 423 39%x39 SPGA AutoVRM Pentium 4 FC-PGA

Socket 478 478 26x26m PGA Auto VRM  Pentium 4/ Celeron FC-PGA2

Socket T 775  30x33LGA  AutoVRM Pentium 4/ Celeron LGA775
(LGAT75)

Table 1-6 CPU Socket Specifications: AMD K7 Class

Socket Pins Layout Voltage Supported Processors

Slot A 242 Slot Auto VRM AMD Athlon SECC

Socket A 462 37x37 Auto VRM AMD Athlon/Athlon XP/Duron PGA/
(462) SPGA FC-PGA

Table 1-7 CPU Socket Specifications: AMD K8 Class|[2]

Socket Pins Layout Voltage Supported Processors

Socket 754 754 29x29 mPGA  AutoVRM  AMD Athlon 64

Socket 939 939 31x31 mPGA  AutoVRM  AMD Athlon 64 v.2

Socket 940 940 31x31 mPGA  AutoVRM  AMD Athlon 64FX, Opteron

Table 1-8 CPU Socket Specifications: Intel/AMD Server and Workstation Class

Socket Pins Layout Voltage Supported Processors

Slot 2 330 Slot Auto VRM Pentium 11/111 Xeon

Socket 603 603 31x25 mPGA Auto VRM Xeon (P4)
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Socket Pins Layout Voltage Supported Processors
PAC 418 Socket 611 25x28 mPGA Auto VRM Itanium 2

PAC 611 940 31x31 mPGA Auto VRM AMD Athlon 64FX, Opteron
Socket 940

The CPU executes a program, which is a sequence of stored instructions. Each model of
processor has an instruction set, which it executes. The CPU executes the program by pro-
cessing each piece of data as directed by the program and the instruction set. While the
CPU is executing one step of the program, the remaining instructions and the data are
stored nearby in a special memory called cache. Two major CPU architectures are related to
instruction sets:

m Reduced Instruction Set Computer (RISC): Architectures use a relatively small set of
instructions, and RISC chips are designed to execute these instructions very rapidly.

m Complex Instruction Set Computer (CI SC): Architectures use a broad set of instruc-
tions, resulting in fewer steps per operation.

Some CPUs incorporate hyperthreading to enhance the CPU’s performance. With hyper-
threading, the CPU has multiple pieces of code being executed simultaneously on each
pipeline. To an operating system, a single CPU with hyperthreading appears to be two
CPUs.

A CPU’s power is measured by its speed and the amount of data it can process. A CPU’s
speed israted in cycles per second. The speed of current CPUs is measured in millions of
cycles per second, called megahertz (MHz), or billions of cycles per second, called giga-
hertz (GHz). The amount of data that a CPU can process at the one time depends on the
size of the processor data bus. Thisis also called the CPU bus or the front-side bus (FSB).
The wider the processor data bus, the more powerful the processor. Current processors have
a 32-bit or 64-bit processor data bus.

Overclocking is atechnique used to make a processor work at a faster speed than its origi-
nal specification. Overclocking is an unreliable way to improve computer performance and
can damage the CPU.

MMX is aset of multimedia instructions built into Intel processors. MM X-enabled micro-
processors can handle many common multimedia operations that normally are handled by a
separate sound or video card. However, only software specially written to call MM X
instructions can take advantage of the MM X instruction set.

The latest processor technology has caused CPU manufacturers to find ways to incorporate
more than one CPU core into a single chip. Many CPUs can process multiple instructions
concurrently:
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m Single-core CPU: One coreinside asingle CPU chip that handles all the processing
capability. A motherboard manufacturer may provide sockets for more than asingle
processor, providing the ability to build a powerful multiprocessor computer.

m Dual-core CPU: Two cores inside a single CPU chip, in which both cores can process
information at the same time.

Identify the Names, Purposes, and Characteristics of
Cooling Systems

Electronic components generate heat. Heat is caused by the flow of current within the com-
ponents. Computer components perform better when kept cool. If the heat is not removed,

the computer may run slower. If too much heat builds up, computer components can be
damaged.

Increasing the air flow in the computer case allows more heat to be removed. A case fan,
shown in Figure 1-5, isinstalled in the computer case to make the cooling process more
efficient.

Figure 1-5 Case Fan

In addition to case fans, a heat sink draws heat away from the core of the CPU. A fan on
top of the heat sink moves the heat away from the CPU, as shown in Figure 1-6.

Other components are also susceptible to heat damage and sometimes are equipped with
fans. Video adapter cards produce a great deal of heat. Fans are dedicated to cooling the
graphics-processing unit (GPU), as shown in Figure 1-7.
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Figure 1-6  CPU Fans

Figure 1-7 Graphics Card Cooling System

Computers with extremely fast CPUs and GPUs may use a water-cooling system. A metal
plate is placed over the processor, and water is pumped over the top to collect the heat that
the CPU creates. The water is pumped to a radiator to be cooled by the air and then is recir-
culated.

Identify the Names, Purposes, and Characteristics of
ROM and RAM

ROM and RAM provide memory for avast amount of computer equipment. They comein
different memory sizes and module sizes and have different features. The following sections
cover ROM and RAM in greater detail.
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ROM

Read-only memory (ROM) chips are located on the motherboard. ROM chips contain
instructions that the CPU can access directly. ROM stores basic instructions for booting the
computer and loading the operating system. ROM chips retain their contents even when the
computer is powered down. The contents cannot be erased, changed, or rewritten by normal
means. ROM types include the following:

m Programmable read-only memory (PROM): Information is written to a PROM chip
after it is manufactured. A PROM chip cannot be erased or rewritten.

m Erasable programmable read-only memory (EPROM): Information is written to an
EPROM chip after it is manufactured. An EPROM chip can be erased with exposure to
UV light. Special equipment is required.

m Electrically erasable programmable read-only memory (EEPROM): Information is
written to an EEPROM chip after it is manufactured. EEPROM chips are also called
flash ROMs. An EEPROM chip can be erased and rewritten without removing the chip
from the computer.

Note
ROM is sometimes called firmware. This is misleading, because firmware is actually the software
that is stored in a ROM chip.

RAM

Random-access memory (RAM) is the temporary storage for data and programs that are
being accessed by the CPU. RAM is volatile memory, which means that the contents are
erased when the computer is powered off. The more RAM in a computer, the more capacity
the computer has to hold and process large programs and files, as well as enhance system
performance. The different types of RAM are as follows:

m Dynamic RAM (DRAM) isamemory chip that is used as main memory. DRAM must
be constantly refreshed with pulses of electricity to maintain the data stored in the chip.

= Static RAM (SRAM) isamemory chip that is used as cache memory. SRAM is much
faster than DRAM and does not have to be refreshed as often.

m Fast Page Mode (FPM) DRAM is memory that supports paging. Paging enables faster
access to the data than regular DRAM. Most 486 and Pentium systems from 1995 and
earlier use FPM memory.

m Extended Data Out (EDO) RAM is memory that overlaps consecutive data accesses.
This speeds up the access time to retrieve data from memory, because the CPU does
not have to wait for one data access cycle to end before another data access cycle
begins.
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Synchronous DRAM (SDRAM) is DRAM that operates in synchronization with the
memory bus. The memory bus is the data path between the CPU and the main memory.

= Double Data Rate (DDR) SDRAM is memory that transfers data twice as fast as
SDRAM. DDR SDRAM increases performance by transferring data twice per cycle.

m Double Data Rate 2 (DDR2) SDRAM s faster than DDR-SDRAM memory. DDR2
SDRAM improves performance over DDR SDRAM by decreasing noise and crosstalk
between the signal wires.

= RAMBus DRAM (RDRAM) isamemory chip that was developed to communicate at
very high rates of speed. RDRAM chips are not commonly used.

Memory Modules

Early computers had RAM installed on the motherboard as individual chips. These individ-
ual memory chips, called dual inline package (DIP) chips, were difficult to install and often
became |oose on the motherboard. To solve this problem, designers soldered the memory
chips on a special circuit board called a memory module. The different types of memory
modules are as follows:

m Dual Inline Package (DIP) is an individual memory chip. A DIP had dual rows of
pins used to attach it to the motherboard.

m SingleInline Memory Module (SIMM) isasmall circuit board that holds several
memory chips. SIMMs have 30-pin and 72-pin configurations.

m Dual Inline Memory Module (DIMM) is acircuit board that holds SDRAM, DDR
SDRAM, and DDR2 SDRAM chips. There are 168-pin SDRAM DIMMs, 184-pin
DDR DIMMs, and 240-pin DDR2 DIMMs.

= RAM BusInline Memory Module (RIMM) isacircuit board that holds RDRAM
chips. A typica RIMM has a 184-pin configuration.

Note

Memory modules can be single-sided or double-sided. Single-sided memory modules contain RAM
on only one side of the module. Double-sided memory modules contain RAM on both sides of the
module.

Cache Memory

SRAM is used as cache memory to store the most frequently used data. SRAM gives the
processor faster access to the data than retrieving it from the slower DRAM, or main mem-
ory. The three types of cache memory are as follows:

m L 1isinterna cache integrated into the CPU.
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m | 2isexternal cache originaly mounted on the motherboard near the CPU. L2 cacheis
now integrated into the CPU.

m L 3isused on some high-end workstations and server CPUs.

Error Checking

Memory errors occur when the data is stored incorrectly in the RAM chips. The computer
uses different methods to detect and correct data errors in memory. Three different methods
of memory error checking are as follows:

= Nonparity does not check for errorsin memory.

m Parity contains 8 bits for data and 1 bit for error checking. The error-checking bit is
called a parity bit.

m Error Correction Code (ECC) can detect multiple bit errors in memory and correct
single bit errorsin memory.

Identify the Names, Purposes, and Characteristics of
Adapter Cards

Adapter cards increase a computer’s functionality by adding controllers for specific devices
or by replacing malfunctioning ports. Figure 1-8 shows several types of adapter cards.

Figure 1-8  Adapter Cards

Adapter cards are used to expand and customize the computer’s capability:
= NI C connects a computer to a network using a network cable.

m Wireless NIC connects a computer to a network using radio frequencies.
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= Sound adapter provides audio capability.
= Video adapter provides graphic capability.
= Modem adapter connects a computer to the Internet using a phone line.

m SCS| adapter connects SCSI devices, such as hard drives or tape drives, to a
computer.

m RAID adapter connects multiple hard drives to a computer to provide redundancy and
to improve performance.

m USB port connects a computer to peripheral devices.
m Parallel port connects a computer to peripheral devices.
m Serial port connects a computer to peripheral devices.

Computers have expansion slots on the motherboard to install adapter cards. The type of
adapter card connector must match the expansion slot. A riser card is used in computer sys-
tems with the LPX form factor to allow adapter cards to be installed horizontally. The riser
card is mainly used in slimline desktop computers. The different types of expansion slots
are asfollows:

m |ndustry Standard Architecture (1SA) is an 8-hit or 16-bit expansion slot. Thisis older
technology and is seldom used.

m Extended Industry Standard Architecture (EISA) is a 32-bit expansion slot. Thisis
older technology and is seldom used.

m Microchannel Architecture (MCA) isan IBM-proprietary 32-bit expansion slot. This
is older technology and is seldom used.

m Peripheral Component Interconnect (PCI) is a 32-hit or 64-bit expansion slot. PCl is
the standard slot currently used in most computers.

m Advanced Graphics Port (AGP) is a 32-bit expansion slot. AGP is designed for video
adapters.

m PCl-Expressisaseria bus expansion slot. PCI-Express is backward-compatible with
PCI dlots. PCI-Express has x1, x4, x8, x16 dots.

Identify the Names, Purposes, and Characteristics of
Storage Drives

A storage drive reads or writes information to magnetic or optical storage media. It can be
used to store data permanently or to retrieve information from a media disk. Storage drives
can be installed inside the computer case, such as a hard drive. For portability, some storage
drives can connect to the computer using a USB port, a FireWire port, or a SCS| port.
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These portable storage drives are sometimes called removable drives and can be used on
multiple computers. Figure 1-9 shows some common types of storage drives:

= Floppy drive

= Hard drive

m Optica drive

m Flash drive

= Network drive (not shown in Figure 1-9)

Figure 1-9  Storage Drives

Floppy Drive Hard Drive

Optical Drive Flash Drive

The following sections describe these storage drives in greater detail.

Floppy Drives

A floppy drive, or floppy disk drive, is a storage device that uses removable 3.5-inch floppy
disks. These magnetic floppy disks can store 720 KB or 1.44 MB of data. In a computer,
the floppy drive is usually configured as the A: drive. The floppy drive can be used to boot
the compuiter if it contains a bootable floppy disk. A 5.25-inch floppy drive is older technol-
ogy and is seldom used.

The floppy drive is slowly being replaced by cheaper, faster, and larger-capacity storage
such as writable CDs, DVDs, and flash drive media.

Hard Drives

A hard drive, or hard-disk drive, is a magnetic storage device that isinstalled inside the
computer. The hard drive is used as permanent storage for data. In a computer, the hard
drive is usually configured as the C: drive and contains the operating system and applica-
tions. The hard drive is usually configured as the first drive in the boot sequence. The
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storage capacity of a hard drive is measured in billions of bytes, or gigabytes (GB). The
speed of a hard drive is measured in revolutions per minute (rpm). Multiple hard drives can
be added to increase storage capacity.

Optical Drives

An optical drive is a storage device that uses lasers to read data on the optical media. Two
types of optical drives exist:

m Compact disc (CD)
m Digital versatile disc (DVD)

CD and DVD media can be prerecorded (read-only), recordable (write once), or rerecord-
able (read and write multiple times). CDs have a data storage capacity of approximately
700 MB. DV Ds have a data storage capacity of approximately 8.5 GB on one side of the
disc.

Several types of optical media exist:
= CD-ROM is CD read-only memory media that is prerecorded.
m CD-R isCD recordable media that can be recorded once.
m CD-RW is CD rewritable media that can be recorded, erased, and rerecorded.
= DVD-ROM is DVD read-only memory media that is prerecorded.

= DVD-RAM is DVD random-access memory mediathat can be recorded, erased, and
rerecorded.

m DVD+/-R is DVD recordable media that can be recorded once.
= DVD+/-RW is DVD rewritable media that can be recorded, erased, and rerecorded.

Flash Drives

A flash drive, a'so known as athumb drive, is a removable storage device that connects to a
USB port. A flash drive uses a special type of memory that requires no power to maintain
the data. These drives can be accessed by the operating system in the same way other types
of drives are accessed.

The storage capacity of a flash drive varies from a couple of megabytes to 16 gigabytes.

Network Drives

A network drive is a connection to a remote computer’s storage for access to files, directo-
ries, and applications. Network connections are covered in more detail in later chapters.



26

IT Essentials: PC Harware and Software Companion Guide

Types of Drive Interfaces

Hard drives and optical drives are manufactured with different interfaces that are used to
connect the drive to the computer. When you install a storage drive in a computer, the con-
nection interface on the drive must be the same as the controller on the motherboard. Some
common drive interfaces are as follows:

m |ntegrated Drive Electronics (I DE), also called Advanced Technology Attachment
(ATA), is an early drive controller interface that connects computers and hard-disk
drives. An IDE interface uses a 40-pin connector.

m Enhanced Integrated Drive Electronics (EIDE), also called ATA-2, is an updated ver-
sion of the IDE drive controller interface. EIDE supports hard drives larger than 512
MB, enables Direct Memory Access (DMA) for speed, and uses the AT Attachment
Packet Interface (ATAPI) to accommodate optical drives and tape drives on the EIDE
bus. An EIDE interface uses a 40-pin connector.

m Parallel ATA (PATA) refersto the parallel version of the ATA drive controller interface.

m Serial ATA (SATA) refersto the seria version of the ATA drive controller interface. A
SATA interface uses a seven-pin connector.

m Small Computer System I nterface (SCSI) is a drive controller interface that can con-
nect up to 15 drives. SCSI can connect both internal and external drives. A SCSI inter-
face uses a 50-pin, 68-pin, or 80-pin connector.

Identify the Names, Purposes, and Characteristics of
Internal Cables

Drives require both a power cable and a data cable. A power supply has a SATA power con-
nector for SATA drives, a Molex power connector for PATA drives, and a Berg four-pin
connector for floppy drives. The buttons and the LED lights on the front of the case connect
to the motherboard with the front panel cables. Figure 1-10 shows some examples of inter-
nal PC cables.

Data cables connect drives to the drive controller, which is located on an adapter card or the
motherboard. Some common types of data cables are as follows:

= Floppy disk drive (FDD) data cable has up to two 34-pin drive connectors and one 34-
pin connector for the drive controller.

m PATA (IDE) data cable has 40 conductors, up to two 40-pin connectors for drives, and
one 40-pin connector for the drive controller.

= PATA (EIDE) data cable has 80 conductors, up to two 40-pin connectors for drives, and
one 40-pin connector for the drive controller.

m SATA data cable has seven conductors, one keyed connector for the drive, and one
keyed connector the drive controller.
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m SCSI data cable: Three types of SCSI data cables exist:

= A narrow SCSI data cable has 50 conductors, up to seven 50-pin connectors for
drives, and one 50-pin connector for the drive controller, also called the host
adapter.

= A wide SCSI data cable has 68 conductors, up to 15 68-pin connectors for drives,
and one 68-pin connector for the host adapter.

= AnAlt-4 SCS| data cable has 80 conductors, up to 15 80-pin connectors for drives,
and one 80-pin connector for the host adapter.

Figure 1-10 Internal PC Cables

— SATA Data Cable

FDD Data Cable — — PATA Data Cable

Note

A colored stripe on a cable identifies Pin 1 on the cable. When installing a data cable, always ensure
that Pin 1 on the cable aligns with Pin 1 on the drive or drive controller. Some cables may be keyed;
therefore, they can be connected only one way to the drive and drive controller.

]
N

/  Worksheet 1.4.7: Research Computer Components

In this worksheet, you use the Internet, a newspaper, or alocal store to gather information

about the components you need to complete your customer’s computer from the scenario
provided. Be prepared to discuss your selections. Refer to the worksheet in IT Essentials:
PC Hardware and Software Labs and Sudy Guide, Third Edition. You may complete this
worksheet now or wait to do so until the end of the chapter.
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Identify the Names, Purposes, and
Characteristics of Ports and Cables

I/O ports on a computer connect peripheral devices, such as printers, scanners, and portable
drives. The following ports and cables are commonly used:

= Serid

= USB

m FireWire
= Pardle

= SCS

= Network
= PS/2

= Audio

= Video

The following sections explain port and cable topics in greater detail.

Serial Ports and Cables

A serial port can be either a DB-9, as shown in Figure 1-11, or a DB-25 male connector.
Serial ports transmit 1 bit of data at atime. To connect a serial device, such as a modem or
printer, a serial cable must be used. A serial cable has a maximum length of 50 feet (15.2 m).

Figure 1-11 Serial Ports and Cables
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USB Ports and Cables

The Universal Serial Bus (USB) is a standard interface that connects peripheral devicesto a
computer. It was originally designed to replace serial and parallel connections. USB devices
are hot-swappable, which means that users can connect and disconnect the devices while
the computer is powered on. USB connections can be found on computers, cameras, print-
ers, scanners, storage devices, and many other electronic devices. A USB hub is used to
connect multiple USB devices. A single USB port in a computer can support up to 127 sep-
arate devices with the use of multiple USB hubs. Some devices can also be powered
through the USB port, eliminating the need for an external power source. Figure 1-12
shows USB cables with connectors.

Figure 1-12 USB Connectors

USB 1.1 alowed transmission rates of up to 12 Mbpsin full-speed mode and 1.5 Mbpsin
low-speed mode. USB 2.0 alows transmission speeds up to 480 Mbps. USB devices can
only transfer data up to the maximum speed allowed by the specific port.

FireWire Ports and Cables

FireWire is a high-speed, hot-swappable interface that connects peripheral devicesto a
computer. A single FireWire port in a computer can support up to 63 devices. Some devices
can also be powered through the FireWire port, eliminating the need for an external power
source. FireWire uses the IEEE 1394 standard and is also known asi.Link.

The IEEE 1394a standard supports data rates up to 400 Mbps and cable lengths up to 15
feet (4.5 m). This standard uses a six-pin connector or a four-pin connector. The IEEE
1394b standard supports data rates in excess of 800 Mbps and uses a nine-pin connector.
Figure 1-13 shows FireWire cables with connectors.
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Figure 1-13 FireWire Connectors

Parallel Ports and Cables

A paralléel port on a computer is a standard Type A DB-25 female connector. The parallel
connector on a printer is a standard Type B 36-pin Centronics connector. Some newer print-
ers may use a Type C high-density 36-pin connector. Parallel ports can transmit 8 bits of
data at atime and use the IEEE 1284 standard. To connect a parallel device, such as a print-
er, aparallel cable must be used. A paralel cable, as shown in Figure 1-14, has a maximum
length of 15 feet (4.5 m).

Figure 1-14 Parallel Cable
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SCSI Ports and Cables

A SCSI port can transmit data at rates in excess of 320 Mbps and can support up to 15
devices. If asingle SCSI device is connected to a SCSI port, the cable can be up to 80 feet
(24.4 m) in length. If multiple SCSI devices are connected to a SCSI port, the cable can be
up to 40 (12.2 m) feet in length. A SCSI port on a computer can be one of three different

types, as shown in Figure 1-15:
m DB-25 female connector
= High-density 50-pin female connector

= High-density 68-pin female connector

Figure 1-15 SCSI Connectors

25-Pin SCSI Connector

50-Pin SCSI Connector

= -
’_ )
) A

68-Pin SCSI Connector

Note
SCSI devices must be terminated at the endpoints of the SCSI chain. Check the device manual for

termination procedures.

Caution
Some SCSI connectors resemble parallel connectors. Be careful not to connect the cable to the wrong
port. The voltage used in the SCS| format may damage the parallel interface. SCSI connectors should

be clearly labeled.

Network Ports and Cables

A network port, also called an RJ-45 port, connects a computer to a network. The connec-
tion speed depends on the type of network port. Standard Ethernet can transmit up to 10
Mbps, Fast Ethernet can transmit up to 100 Mbps, and Gigabit Ethernet can transmit up to
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1000 Mbps. The maximum length of network cable is 328 feet (100 m). Figure 1-16 shows
a network connector.

Figure 1-16 Network Connector

PS/2 Ports

A PS/2 port connects a keyboard or mouse to a computer. The PS/2 port is a six-pin mini-
DIN female connector. The connectors for the keyboard and mouse are often colored differ-
ently, as shown in Figure 1-17. If the ports are not color-coded, look for a small figure of a
mouse or keyboard next to each port.

Figure 1-17 PS/2 Ports
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Audio Ports

An audio port connects audio devices to the computer. The following audio ports are com-
monly used, as shown in Figure 1-18:

m Lineln connectsto an external source, such as a stereo system.
= Microphone In connects to a microphone.

m Line Out connects to speakers or headphones.

m Auxiliary In isan additional linein.

= Gameport/MIDI connects to ajoystick or MIDI-interfaced device.

Figure 1-18 Audio Ports

Microphone In
Auxiliary In

Video Ports and Connectors

A video port connects a monitor cable to a computer. Several video port and connector
types exist:

m Video Graphics Array (VGA) has a three-row 15-pin female connector and provides
analog output to a monitor.

m Digital Visual Interface (DVI) has a 24-pin female connector or a 29-pin female con-
nector and provides compressed digital output to a monitor. DV -1 provides both analog
and digital signals. DVI-D provides digital signals only.

m High-Definition Multimedia | nterface (HDMI) has a 19-pin connector and provides
digital video and digital audio signals.



34 IT Essentials: PC Harware and Software Companion Guide

m S-Video has afour-pin connector and provides analog video signals.

= Component/RGB has three shielded cables (red, green, and blue) with RCA jacks and
provides analog video signals.

Figure 1-19 shows the video ports on a video card.

Figure 1-19 Video Ports

Identify the Names, Purposes, and
Characteristics of Input Devices

An input device is used to enter data or instructions into a computer. Here are some exam-
ples of input devices:

= Mouse and keyboard

= Digital cameraand digital video camera
= Biometric authentication device

= Touch screen

= Scanner

The mouse and keyboard are the two most commonly used input devices. The mouse is
used to navigate the graphical user interface (GUI). The keyboard is used to enter text com-
mands that control the computer.

Digital cameras and digital video cameras, shown in Figure 1-20, create images that can be
stored on magnetic media. The image is stored as a file that can be displayed, printed, or
altered.
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Figure 1-20 Digital Cameras

Biometric identification uses features that are unique to an individual user, such as finger-
prints, voice recognition, or aretinal scan. When combined with ordinary usernames, bio-
metrics guarantees that the authorized person is accessing the data. Figure 1-21 shows alap-
top that has a built-in fingerprint scanner.

Figure 1-21 Fingerprint Scanner

A touch screen has a pressure-sensitive transparent panel. The computer receives instruc-
tions specific to the place on the screen that the user touches.

A scanner digitizes an image or document. The digitization of the image is stored as a file
that can be displayed, printed, or atered. A bar code reader is atype of scanner that reads
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Universal Product Code (UPC) bar codes. It iswidely used for pricing and inventory infor-
mation.

Identify the Names, Purposes, and
Characteristics of Output Devices

An output device is used to present information to the user from a computer. Here are some
examples of output devices:

= Monitors and projectors
m Printers, scanners, and fax machines
m Speakers and headphones

Monitors and Projectors

Monitors and projectors are primary output devices for a computer. Figure 1-22 shows dif-
ferent types of monitors.

Figure 1-22 Types of Monitors

The most important difference between these monitor types is the technology used to create
an image:

m CRT: Cathode ray tube monitors are the most common monitor type. Red, green, and
blue electron beams move back and forth across the phosphorous-coated screen. The
phosphor glows when struck by the electron beam. Areas not struck by the electron
beam do not glow. The combination of glowing and nonglowing areas is what creates
the image on the screen. Most televisions also use this technol ogy.
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m | CD: Liquid crystal display is commonly used in laptops and some projectors. It con-
sists of two polarizing filters with aliquid crystal solution between them. An electronic
current aligns the crystals so that light can either pass through or not pass through. The
effect of light passing through in certain areas and not in others is what creates the
image. LCD comes in two forms—active matrix and passive matrix. Active matrix is
sometimes called thin film transistor (TFT). TFT allows each pixel to be controlled,
which creates very sharp color images. Passive matrix is less expensive than active
matrix but does not provide the same level of image control. LCD Monitors are becom-
ing the most common type of computer monitor.

m DLP: Digital light processing is another technology that is used in projectors. DLP pro-
jectors use a spinning color wheel with a microprocessor-controlled array of mirrors
called a digital micromirror device (DMD). Each mirror corresponds to a specific pixel.
Each mirror reflects light toward or away from the projector optics. This creates a
monochromatic image of up to 1024 shades of gray between white and black. The
color wheel then adds the color data to complete the projected color image.

Monitor resolution refers to the level of image detail that can be reproduced. Table 1-9 isa
chart of common monitor resolutions.

Table 1-9 Display Resolutions

Display Standard Linear Pixels (HXV) Aspect Ratio
CGA 320%x200 16:10
EGA 640x350 11:6
VGA 640%x480 4:3
WVGA 854%480 16:9
SVGA 800x600 4:3
XGA 1024x768 4:3
WXGA 1280800 16:10
SXGA 1280x1024 5:4
WSXGA 1600x1024 25:16
UXGA 1600x1200 4:3
HDTV 1920x1080 16:9
WUXGA 1920x1200 16:10
QXGA 2048x1536 4:3
QSXGA 2560%x2048 5:4

WQUXGA 3840x2400 16:10
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Higher-resolution settings produce better image quality. Several factors are involved in
monitor resolution:

Pixels: The term pixel is an abbreviation of picture element. Pixels are the tiny dots
that comprise a screen. Each pixel consists of red, green, and blue.

Dot pitch: Dot pitch is the distance between pixels on the screen. A lower dot pitch
number produces a better image.

Refresh rate: The refresh rate is how often per second the image is rebuilt. A higher
refresh rate produces a better image and reduces the level of flicker.

I nterlaced/noninterlaced: Interlaced monitors create the image by scanning the screen
two times. The first scan covers the odd lines, top to bottom, and the second scan cov-

ers the even lines. Noninterlaced monitors create the image by scanning the screen one
line at atime from top to bottom. Most CRT monitors today are noninterlaced.

Horizontal Vertical Colors (HVC): The number of pixelsin alineis the horizontal res-
olution. The number of linesin a screen is the vertical resolution. The number of colors
that can be reproduced is the color resolution.

Aspect ratio: Aspect ratio is the horizontal-to-vertical measurement of the monitor’s
viewing area. For example, a 4:3 aspect ratio applies to aviewing area that is 16 inches
wide by 12 inches high. A 4:3 aspect ratio also appliesto aviewing areathat is 24
inches wide by 18 inches high. A viewing areathat is 22 inches wide by 12 inches high
has an aspect ratio of 11:6.

Monitors have controls for adjusting the image quality. Here are some common monitor set-
tings:

Brightnessis the image's intensity.
Contrast isthe ratio of light to dark.
Position is the vertical and horizontal location of the image on the screen.

Reset returns the monitor settings to the factory defaults.

Printers, Scanners, and Fax Machines

Printers are output devices that create hard copies of computer files. Some printers special-
ize in particular applications, such as printing color photographs. Other all-in-one-type
printers, such as the one shown in Figure 1-23, are designed to provide multiple services
such as printing, fax, and copier functions.
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Figure 1-23 All-in-One Printer

Speakers and Headphones

Speakers and headphones, shown in Figure 1-24, are output devices for audio signals. Most
computers have audio support either integrated into the motherboard or on an adapter card.
Audio support includes ports that allow input and output of audio signals. The audio card
has an amplifier to power headphones and external speakers.

Figure 1-24 Speakers and Headphones
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Explain System Resources and Their Purposes

System resources are used for communication between the CPU and other componentsin a
computer. The three common system resources are

= [nterrupt requests (IRQ)
= |/O port addresses
m Direct Memory Access (DMA)

The following sections describe these system resources in greater detail.

Interrupt Requests

Computer components use interrupt requests (IRQ) to request information from the CPU.
The IRQ travels along a wire on the motherboard to the CPU. When the CPU receives an
interrupt request, it determines how to fulfill this request. The priority of the request is
determined by the IRQ number assigned to that computer component. Older computers had
only eight IRQs to assign to devices. Newer computers have 16 IRQs, which are numbered
0 to 15, as shown in Table 1-10. As a genera rule, each component in the computer must be
assigned a unique IRQ. IRQ conflicts can cause components to stop functioning and even
cause the computer to crash. With the numerous components that can be installed in a com-
puter, it is difficult to assign a unique IRQ to every component. Today, most IRQ numbers
are assigned automatically with “plug-and-play” operating systems and the implementation
of PCI dlots, USB ports, and FireWire ports.

Table 1-10  Interrupt Requests (IRQ)

IRQ Description

IRQO System timer. Reserved for the system. The user cannot change it.

IRQ1 Keyboard. Reserved for the system. Cannot be altered, even if no keyboard is
present or needed.

IRQ 2 Second IRQ controller.

IRQ 3 COM 2 (default), COM 4 (user).

IRQ 4 COM 1 (default), COM 3 (user).

IRQ5 Sound card (Sound Blaster Pro or later) or LPT2 (user).

IRQ6 Floppy disk controller.

IRQ7 LPT1 (parallel port) or sound card (8-bit Sound Blaster and compatible).

IRQ 8 Real-time clock.

IRQ9 ACPI SCSl or ISA MPU-401.
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IRQ Description

IRQ 10 Free/open interrupt/available/SCSI.

IRQ 11 Free/open interrupt/available/SCSI.

IRQ 12 PS/2 connector mouse. If no PS/2 connector mouse is used, this can be used
for other peripherals.

IRQ 13 Math coprocessor. Cannot be changed.

IRQ 14 Primary IDE. If no primary IDE exists, this can be changed.

IRQ 15 Secondary IDE.

Input/Output (I/0) Port Addresses

I nput/output (1/0) port addresses are used to communicate between devices and software.
The 1/0 port address is used to send and receive data for a component. As with IRQs, each
component has a unique 1/0 port assigned. A computer has 65,535 |/O ports, and they are

referenced by a hexadecimal address in the range of 0000h to FFFFh. Table 1-11 is a chart
of common 1/O ports.

Table 1-11  I/O Addresses
Typical Typical Typical
1/0 Port Device or 1/0 Port Device or 1/0 Port Device or
Addresses Port Addresses Port Addresses Port
(in Hex) Assignment (in Hex) Assignment  (in Hex) Assignment
000-00f, Direct 1FO-1F7 Primary hard- 3E8-3EF COM 3 serid
081-09F memory disk controller port
access
controller
010-01F, Programmable 200-207 Game port 3F0-3F7 Floppy disk
0AO0-0A1l interrupt joystick controller
controller
040-043 System timer  220-22F Sound card 3F6-3F6 PCI primary
IDE controller
060-060, Keyboard 294-297 PCI bus 3F8-3FF COM1 serial
064-064 (data comm) port
061-061 PC speaker  278-27F LPT 2or EOOO0-EO1F USB host
LPT 3 controller

continues
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Table 1-11  I/O Addresses continued
Typical Typical Typical
1/0 Port Device or 1/0 Port Device or 1/0 Port Device or
Addresses Port Addresses Port Addresses Port
(in Hex) Assignment (in Hex) Assignment  (in Hex) Assignment
070071 CMOS/real- 2E8-2EF COM 4 E800-E87F Fast Ethernet
time clock serial port adapter
OFO-OFF Math 2F8-2FF COM 2 FOOO—O00F IDE controller
Coprocessor serial port
130-14F SCSI host 376-376 PCI IDE
adapter controller
170177 Secondary 378-37F LPT1
hard-disk
controller

Direct Memory Access

High-speed devices use Direct Memory Access (DMA) channels to communicate directly
with the main memory. These channels allow the device to bypass interaction with the CPU
and directly store information in memory and retrieve it. Only certain devices can be
assigned aDMA channel, such as SCSI host adapters and sound cards. Older computers
had only four DMA channels to assign to components. Newer computers have eight DMA
channels that are numbered 0 to 7, as shown in Table 1-12.

Table 1-12 DMA Channels

DMA

Channel Default Device Can Also Be Used For

0 Dynamic RAM memory refresh

1 Sound card (low DMA setting)  Network cards, SCSI adapters, paralel print-
ing port, and voice modems

2 Floppy disk controller

3 Available Network cards, SCSI adapters, parallel print-
ing port, voice modems, and sound card (low
DMA setting)

4 Cascade for DMA 0-3

5 Sound card (high DMA setting) Network cards, SCSI adapters

6 Available Network cards, sound card (high DMA setting)

7 Available Network cards, sound card (high DMA setting)
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Summary

This chapter introduced the I T industry, options for training and employment, and some of
the industry-standard certifications. This chapter also covered the components that comprise

a PC system. Much of the content in this chapter will help you throughout this course:

= Information technology encompasses the use of computers, network hardware, and

software to process, store, transmit, and retrieve information.

m A PC system consists of hardware components and software applications.

m You must carefully choose the computer case and power supply to support the hard-

ware inside the case and allow for the addition of components.

= A computer’s internal components are selected for specific features and functions. All

internal components must be compatible with the motherboard.

= You should use the correct type of ports and cables when connecting devices.

= Typical input devices include the keyboard, mouse, touch screen, and digital cameras.

m Typical output devices include monitors, printers, and speakers.

m System resources must be assigned to computer components. System resources include

IRQs, I/O port addresses, and DMASs.

Summary of Exercises
Thisis asummary of the worksheets associated with this chapter.
Wor ksheets

The following worksheets cover material from this chapter. Refer to the labsin IT
Essentials: PC Hardware and Software Labs and Study Guide, Third Edition:

Worksheet 1.1.2: Job Opportunities
Worksheet 1.4.7: Research Computer Components

Check Your Understanding

You can find the answers to these questions in the appendix, “Answers to Check Your
Understanding Questions.”
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1. How many FireWire devices can a single FireWire port support?

A. 12
25
32
54
63
127

mmUOO®

2. Which type of memory transfers data twice as fast as SDRAM and increases perform-
ance by transferring data twice per cycle?

DDR-SDRAM

DRAM2

D-SDRAM

ROM

©Oo0ow>

3. Which type of video connector has a 24-pin or 29-pin female connector and provides
compressed digital output to a monitor?

AAV
DVI
HDMI
RCA
VGA

mo o wm >

4. How many universal seria bus (USB) devices can be connected to a USB port?

A. 256
127
64

128

o0 W

5. What is the maximum data speed of high-speed USB 2.0?

1.5 Mbps
12 Mbps

380 Mbps
480 Mbps
480 Gbps
840 Gbps

mmO o >
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6. Which |EEE standard defines the FireWire technology?

A. 1284
B. 1394
C. 1451
D. 1539

7. What is the maximum data rate supported by the | EEE 1394a standard?
A. 200 Mbps
B. 380 Mbps
C. 400 Mbps
D. 800 Mbps
E. 900 Mbps
8. What isthe purpose of a heat sink installed on a processor?
A. To set the processor voltage
B. To cool the processor
C. To set the processor speed
D. To ground the processor






CHAPTER 2

Safe Lab Procedures and Tool Use

Objectives

Upon completion of this chapter, you should be able to answer the following questions:

m What are the safe working conditions and proce-
dures?

m What is proper tool use?

= What tools and software are used with personal
computer components and what is their purpose?

Key Terms

This chapter uses the following key terms. You can find the definitions in the Glossary.

electrostatic discharge (ESD) page xx
antistatic wrist straps  page xx

current  page xx

power fluctuations page xx

blackout page xx

brownout page xx

noise page xx

spike page xx

power surge page xx

power protection devices page xx

surge SUPPressor — page xx

uninterruptible power supply (UPS)  page xx
standby power supply (SPS) page xx
material safety data sheet (MSDS) page xx

Occupational Safety and Health Administration
(OSHA) page xx

Chemicals Hazard Information and Packaging for
Supply Regulations 2002 (CHIP3) page xx

antistatic mat  page xx

hand tools page xx

flat head screwdriver  page xx
Phillips head screwdriver  page xx
hex driver  page xx

needle-nose pliers  page xx
tweezers page xx

part retriever  page xx

cleaning tools  page xx
diagnostic tools  page xx

disk management tools page xx
Fdisk page xx

Format page xx

Scandisk  page xx

continues
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continued
Defrag page xx protection software tools  page xx
Disk Cleanup page xx personal reference tools  page xx

Disk Management  page xx workbench  page xx
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This chapter covers basic safety practices for the workplace, hardware and software tools,
and the disposal of hazardous materials. Safety guidelines help protect individuals from
accidents and injury, equipment from damage, and the environment from contamination by
discarded materials. Always stay alert to situations that could result in injury or damage to
equipment. Always watch for these signs and take the appropriate action according to the
warning given.

Identify Safe Working Conditions and
Procedures

It is essential to maintain safe working conditions to prevent accidents and injury to any
person or damage to any object in awork area. New staff and visitors must be informed of
the appropriate safety procedures. Any transgression of the procedures must be reported.

As a computer user or atechnician, you should be aware of all possible dangers. A safe
workspace is clean, organized, and well lit.

Follow proper procedures for handling computer equipment. Failure to follow the pre-
scribed safety procedures could result in fines, criminal convictions, damage to equipment,
claims for damage from the owner of the property and data, injury, or death.

The proper disposal or recycling of hazardous computer componentsis a global issue. Make
sure to follow regulations that govern how to dispose of specific items. When an organiza-
tion violates these regulations, there can be legal consequences.

After completing the following sections, you will meet these objectives:
m |dentify safety procedures and potential hazards for users and technicians
= |dentify safety procedures to protect equipment from damage and data loss

m |dentify correct disposal procedures to protect the environment from contamination

Identify Safety Procedures and Potential Hazards for
Users and Technicians
Safety in the lab and in the workplace is an important issue when working on computers

and other electrical devices. General safety guidelines and fire safety guidelines protect the
technician and the equipment.
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General Safety Guidelines

Follow the basic safety guidelines to prevent cuts, burns, electrical shock, and damage to
eyesight. As a best practice, make sure that afire extinguisher and first aid kit are available
in case of fire or injury. Here are some general safety guidelines:

= Remove your watch or any other jewelry and secure loose clothing.

= Turn off the power and unplug equipment before opening the case and performing
service.

m Cover any sharp edges inside the computer case with tape.

= Never open a power supply or a monitor.

= Do not touch areas in printers that are hot or use high voltage.
m Know where the fire extinguisher is located and how to use it.
m Know where the first aid kit is located.

m Keep food and drinks out of your workspace.

m Keep your workspace clean and free of clutter.

= Lift heavy objects with your legs to avoid back injury.

Caution

Power supplies and monitors contain very high voltage. Do not wear the antistatic wrist strap when
replacing power supplies or monitors. Also, some printer parts might become very hot when in use,
and other parts can contain very high voltages. Make sure that the printer has had time to cool before
making the repair. Check the printer manual for locations of various components that can contain
high voltages. Some components might retain high voltages even after the printer is turned off.

Fire Safety Guidelines

Follow fire safety guidelines to protect equipment and lives. Turn off and unplug the com-
puter before beginning a repair to avoid damage to the computer or a shock to the techni-
cian.

Fire can spread rapidly and be very costly. Proper use of afire extinguisher can prevent a
small fire from getting out of control. When working with computer components, always
consider the possibility of an accidental fire and know how to react. If thereis afire, you
should follow these safety procedures:

Never fight afire that is out of control or not contained.

Always have a planned fire escape route before beginning any work.

Get out of the building quickly.

Contact emergency services for help.
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Caution
Be sure to read the instructions on the fire extinguishers in your workplace before you have to use
them. Safety training might be available in your organization.

In the United States, there are four classifications for fire extinguishers. A different letter,
color, and shape identify each fire extinguisher classification, as shown in Figure 2-1. Each
fire extinguisher has specific chemicals to fight each specific type of fire as follows:

Class A: Effective for fires burning paper, wood, plastics, and cardboard materials

Class B: Effective for fires burning gasoline, kerosene, or organic solvents

Class C: Effective for fires burning electrical equipment

Class D: Effective for fires burning combustible metals, such as magnesium and
titanium.

Figure 2-1 Fire Extinguisher Classifications

Fire extinguisher classifications might vary by country.

It is important to know how to use a fire extinguisher. Use the memory aid P-A-S-Sto help
you remember the basic rules of fire extinguisher operation:

P: Pull the pin.
A: Aim at the base of the fire, not at the flames.

S: Squeeze the lever.

S: Sweep the nozzle from side to side.
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Identify Safety Procedures to Protect Equipment from
Damage and Data from Loss

Static electricity is the buildup of an electric charge resting on a surface. This buildup and
sudden release of energy, called electrostatic discharge (ESD), can be destructive to the
electronics in a computer system.

ESD, harsh climates, and poor-quality sources of electricity can cause damage to computer
equipment. Follow the proper handling guidelines, be aware of environmental issues, and
use equipment that stabilizes power to prevent equipment damage and data | oss.

At least 3000 volts of static electricity must be built up before you can feel the ESD, but
less than 30 volts of static electricity could damage a computer component. For example,
static electricity can build up on a person walking across a carpeted floor. When the person
touches another person, they both receive a shock. If the discharge causes pain or makes a
noise, the charge was probably above 10,000 volts.

ESD Protection Recommendations

ESD can cause permanent damage to electrical components. Follow these recommendations
to help prevent ESD damage:

m Keep al componentsin antistatic bags until you are ready to install them.
m Use grounded mats on workbenches and on the work area floor.

m Use antistatic wrist straps when working on computers.

= Avoid working on carpeted areas if possible.

Climate also affects risks when working with computer equipment. Consider the following
recommendations:

m |f the environment temperature is too high, equipment can overheat.
m |f the humidity level istoo low, the chance of ESD increases.
= |f the humidity level istoo high, equipment can suffer from moisture damage.

Table 2-1 shows how environmental conditions affect the risks of ESD.

Table 2-1 ESD Probability

Conditions ESD Probability
Cool and dry High

Warm and humid Low
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Power Fluctuation Types

Voltage is the force that moves electrons. The potential difference between two pointsin a
circuit is what causes electricity to move. The movement of electronsis called current.
Computer circuits need voltage and current to operate electronic components. When the
voltage in a computer is not accurate or steady, computer components might not operate
correctly. Unsteady voltages are called power fluctuations.

The following types of AC power fluctuations can cause data loss or hardware failure:

Blackout: Loss of AC power. A blown fuse, damaged transformer, or downed power
line can cause a blackout.

Brownout: Reduced voltage level of AC power that lasts for a period of time.
Brownouts occur when the power line voltage drops below 80 percent of the normal
voltage level. Overloading electrical circuits can cause a brownout.

Noise: Interference from generators and lightning. Noise results in unclean power,
which can cause errorsin a computer system.

Spike: Sudden increase in voltage that lasts for a very short period and exceeds 100
percent of the normal voltage on aline. Spikes can be caused by lightning strikes, but
can aso occur when the electrical system comes back on after a blackout.

Power surge: Dramatic increase in voltage above the normal flow of electrical current.
A power surge lasts for afew nanoseconds, or afew billionths of a second.

Power Protection Devices

To help shield against power issues, use power protection devices to protect the data and
computer equipment:

Surge suppressor: Helps protect against damage from surges and spikes. A surge sup-
pressor diverts extra electrical voltage on the line to the ground.

Uninterruptible power supply (UPS): Helps protect against potential electrical power
problems by supplying electrical power to a computer or other device. The battery is
constantly recharging while the UPS is connected to a power source. The UPSis able
to supply a consistent quality of power when brownouts and blackouts occur. Many
UPS devices are able to communicate directly with the operating system on a comput-
er. This allows the UPS to safely shut down the computer and save data prior to the
UPS losing all electrical power.

Standby power supply (SPS): Helps protect against potential electrical power problems
by providing a backup battery to supply power when the incoming voltage drops below
the normal level. The battery is on standby during normal operation. When the voltage
decreases, the battery provides DC power to a power inverter, which convertsit to AC
power for the computer. The problem with this device is the time it takes to switch over
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to the battery. If the switching device fails, the battery will not be able to supply power
to the compuiter.

Figure 2-2 shows some examples of surge suppressors, UPSs, and SPS devices.

Figure 2-2  Surge Suppressors and UPS Devices

Caution
Never plug a printer into a UPS device because this can overheat the printer motor.

Identify Safety Procedures to Protect the
Environment from Contamination

Computers and peripherals can contain materials that are harmful to the environment.
Waste materials are listed as hazardous because they are known to be harmful and need to
be disposed of properly. Also called toxic waste, hazardous materials typically contain high
concentrations of heavy metals such as cadmium, lead, or mercury. Always contact the
local recycling or waste removal authorities in your community for information about dis-
posal procedures and disposal services.

Material Safety Data Sheet

A material safety data sheet (MSDS) is a fact sheet that summarizes information about
material identification, including hazardous ingredients that can affect personal health, fire
hazards, and first aid requirements. As Figure 2-3 shows, the MSDS contains chemical
reactivity and incompatibility information that includes spill, leak, and disposal procedures.
It also includes protective measures for the safe handling and storage of materials.
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Figure 2-3 MSDS
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May be used to comply with Administration

OSHA's Hazard Communication Standard,  (Non-Mandatory Form)

29 CFR 1910.1200. Standard must be Form Approved

consulted for specific requirements, OMB No. 1218-0072

IDENTITY (As Used on Label and List) MNote: Blank spaces are not permitted. If

any item is not applicable, or no information
is available, the space must be marked to
indicate that.

Section I

Manufacturer's Name Emergency Telephone Number
Address (Number, Street, City, State, and | Telephone Number for Information
ZIP Code)

Date Prepared

signature of Preparer (optional)

Section II - Hazardous Ingredients/Identity Information

Hazardous Components (Specific ‘
Chemical Identitv: Common Name(s))

ACGIH

‘ Other Limits
OSHA PEL (TLV

Recommended

i |
foptional)

To determine whether a material used in computer repairs or preventive maintenance is clas-
sified as hazardous, consult the manufacturer’'s MSDS. In the United States, the
Occupational Safety and Health Administration (OSHA) requires that all hazardous mate-
rials must be accompanied by an MSDS when transferred to a new owner. The MSDS
information included with products purchased for computer repairs or maintenance can be
relevant to computer technicians. OSHA also requires that employees be informed about the
materials that they are working with and be provided with material safety information. In
the United Kingdom, Chemicals Hazard I nformation and Packaging for Supply
Regulations 2002 (CHIP3) oversees the handling of hazardous materials. CHIP3 requires

chemical suppliersto safely package and transport dangerous chemicals and to include a
data sheet with the product.

The MSDS is valuable in determining how to dispose of any potentially hazardous materials
in the safest manner. Always check local regulations concerning acceptable disposal meth-
ods before disposing of any electronic equipment.

Note

If you are working outside the United States, make sure that you are familiar with the organization
that governs the use of hazardous chemicals and what that organization mandates regarding
compliance.
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The MSDS contains valuable information such as
m The name of the material
m The physical properties of the material
m Any hazardous ingredients contained in the material
m Reactivity data, such as fire and explosion data
= Procedures for spills or leaks
m Specia precautions

m Health hazards

Specia protection requirements

Before discarding a computer or any of its components, it is necessary to consider safe dis-
posal of each separate component.

Proper Disposal of Batteries

Batteries often contain rare-earth metals that can be harmful to the environment. Batteries
from portable computer systems can contain lead, cadmium, lithium, alkaline manganese,
and mercury. These metals do not decay and will remain in the environment for many years.
Mercury is commonly used in the manufacturing of batteries and is extremely toxic to
humans.

Recycling batteries should be a standard practice for a technician. All batteries, including
lithium-ion, nickel-cadmium, nickel-metal hydride, and lead-acid, are subject to disposal
procedures that comply with local environmental regulations.

Proper Disposal of Monitors or CRTs

Always handle monitors and cathode ray tubes (CRT) with care. Monitors and CRTs store a
potentially lethal voltage, even after being disconnected from a power source. CRTS contain
glass, metal, plastics, lead, barium, and rare-earth metals. According to the U.S.
Environmental Protection Agency (EPA), CRTs can contain approximately 4 Ib. (1.8 kg) of
lead. Monitors must be disposed of in compliance with environmental regulations.

Proper Disposal of Toner Kits, Cartridges, and Developers

Used printer toner kits and printer cartridges can be destructive to the environment and must
be disposed of properly or recycled. Some toner cartridge suppliers and manufacturers will
also take back empty cartridges for refilling. There are also companies that specialize in
refilling empty cartridges. Kits to refill inkjet printer cartridges are available, but are not
recommended. The ink can leak into the printer, causing irreversible damage. This can be
especialy costly because using refilled inkjet cartridges can void the inkjet printer warranty.
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Proper Disposal of Chemical Solvents and Aerosol Cans

The chemicals and solvents used to clean computers can be a source of environmental prob-
lems when not disposed of properly. Contact the local sanitation company to learn how and
where to dispose of these chemicals. Never dump chemicals or solvents down asink or dis-
pose of them in any drain that connects to public sewers.

The cans or bottles that solvents and other cleaning supplies come in must be handled care-
fully. Make sure that they are identified and treated as special hazardous waste. For exam-
ple, some aerosol cans can explode when exposed to heat if the contents are not completely
used.

Identify Tools and Software Used with Personal
Computer Components and Know Their
Purpose

For every tool there is the right job, and for every job there is the right tool. Ensure that you
are familiar with the correct use of each tool and that the right tool is used for the current
task. This will reduce the chances of damage or injury. Skilled use of tools and software
makes the job less difficult and ensures that tasks are performed properly and safely. Figure
2-4 shows a sample tool kit used to install, connect, remove, and repair PC components.

Figure 2-4  Computer Tools

In addition to hardware tools, software tools are also available that help diagnose problems
and determine which computer device is not functioning correctly.
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A technician must document all repairs and computer problems. The documentation can
then be used as a reference for future problems or for other technicians who might not have
encountered the problem before. The documents might be paper based, but electronic forms
can be easily searched for specific problems.

After completing the following sections, you will meet these objectives:
= |dentify hardware tools and their purpose
= |dentify software tools and their purpose

m |dentify organizational tools and their purpose

Identify Hardware Tools and Their Purpose

A tool kit should contain all the tools necessary to complete hardware repairs. Using the
wrong tool for ajob might lead to bodily injuries or result in equipment damage. As you
gain experience, you will learn which tools to have available for different types of jobs.
Hardware tools are grouped into the following four categories:

m ESD tools

Hand tools

Cleaning tools

m Diagnostic tools

ESD Tools
There are two common ESD tools:

m Antistatic wrist strap: Protects computer equipment from ESD damage when ground-
ed to a computer chassis.

= Antistatic mat: Used to stand on or to place hardware on to prevent static electricity
from building up, thereby protecting the equipment from ESD damage.

Hand Tools

Most tools used in the computer assembly process are small hand tools. They are available
individually or as part of a computer repair tool kit. The correct tools can save time and
help you avoid damaging the equipment. Tool kits range widely in size, quality, and price.
The list that follows describes the small hand tools that you will most commonly use:

m Flat head screwdriver: Used to loosen or tighten slotted screws.
m Phillips head screwdriver: Used to tighten or loosen cross-head screws.

m Torx screwdriver: Used to tighten or loosen screws that have a star-like depression on
the top, a feature that is mainly found on laptops.
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m Hex driver: Sometimes called a nut driver, this tool is used to tighten nuts in the same
way that a screwdriver tightens screws.

m Needle-nose pliers: Used to hold small parts.

m Wire cutters: Used to strip and cut wires.

m Tweezers: Used to manipulate small parts.

m Part retriever: Used to retrieve parts from locations that are too small for your hand to
fitin.

m Flashlight: Used to illuminate areas that you cannot see well.

Cleaning Tools

The appropriate cleaning tools are essential when maintaining or repairing computers.
These tools will ensure that computer components are cleaned correctly. The list that fol-
lows describes the cleaning tools that you will most commonly use:

m Soft sloth: Used to clean different computer components without scratching or leaving
debris.

m Compressed air: Used to blow away dust and debris from different computer parts
without touching the components.

m Cableties: Used to bundle cables neatly inside and outside of a computer.

m Partsorganizer: Used to hold screws, jumpers, fasteners, and other small parts to pre-
vent them from getting mixed together.

Diagnostic Tools
To test hardware, you will use the following diagnostic tools:

= Digital multimeter: Used to test the integrity of circuits and the quality of electricity
in computer components.

m L oopback adapter: Used to test the basic functionality of computer ports.

Identify Software Tools and Their Purpose

A technician must be able to use a range of software tools to help diagnose problems, main-
tain hardware, and protect the data stored on a computer. The sections that follow describe
the various disk management tools and protection software tools that you will encounter.
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Disk Management Tools

You must be able to identify which software to use in different situations. Disk manage-
ment tools help detect and correct disk errors, prepare a disk for data storage, and remove
unwanted files.

Disk management software includes the following:

m Fdisk: A command-line tool used to create and delete partitions on a hard drive and set
active, or boot, partitions

m Format: Used to prepare a hard drive to store information

m Scandisk or Chkdsk: Used to check the integrity of files and folders on a hard drive
by scanning the disk surface for physical errors

m Defrag: Used to optimize space on a hard drive to allow faster access to programs and
data

m Disk Cleanup: Used to clear space on a hard drive by searching for files that can be
safely deleted

= Disk Management: Used to manage hard drives and partitions, initialize disks, create
partitions, and format partitions

Use the Windows XP boot disk for troubleshooting and repairing corrupted files. The
Windows XP boot disk is designed to repair Windows system files, restore damaged or lost
files, and reinstall the operating system. Third-party software tools are available to assist in
troubleshooting problems.

Protection Software Tools

Each year, viruses, spyware, and other types of malicious attacks infect millions of comput-
ers. These malicious attacks can damage an operating system, application, and data.
Computers that have been infected can experience hardware performance problems or com-
ponent failure.

To protect data and the integrity of the operating system and hardware, you should use soft-
ware designed to guard against attacks and to clean out malicious programs.

Hereisalist of various types of software used to protect hardware and data. Examples of
protection software tools include the following:

= Windows XP Security Center: Allows you to check the status of essential security
settings on the computer. The Security Center continuously checks to make sure that
the software firewall and antivirus programs are running. It also ensures that automatic
updates are set to download and install automatically.

= Antivirus software: Protects a computer against virus attacks that can infect other
computers.
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m Spywareremover: Protects against software that sends information about web surfing
habits to an attacker. Spyware can be installed without the knowledge or consent of the
user.

m Firewall: A program that runs continuously to protect against unauthorized communi-
cations to and from your computer.

/  Worksheet 2.2.2: Diagnostic Software

In this worksheet, you will use the Internet, a newspaper, or alocal store to gather informa-
tion about a hard drive diagnostic program. Be prepared to discuss the diagnostic software
you researched. Refer to the worksheet in IT Essentials. PC Hardware and Software Labs
and Study Guide, Third Edition (ISBN 1-58713-198-6). You can complete this worksheet
now or wait to do so until the end of the chapter.

Identify Organizational Tools and Their Purpose

It isimportant that a technician document all services and repairs. These documents need to
be stored centrally and made available to all other technicians. The documentation can then
be used as reference material for similar problems that are encountered in the future. Good
customer service includes providing the customer with a detailed description of the problem
and the solution.

Personal Reference Tools

Personal reference tools include troubleshooting guides, manufacturers’ manuals, quick
reference guides, and arepair journal. In addition to an invoice, a technician keeps a journal
of upgrades and repairs. The documentation in the journal should include descriptions of
the problem, possible solutions that have been tried to correct the problem, and the steps
taken to repair the problem. Be sure to note any configuration changes made to the equip-
ment and any replacement parts used in the repair. This documentation will be valuable
when you encounter similar situations in the future:

= Notes. Make notes as you go through the investigation and repair process. These notes
will help you to make sure that you do not repeat any previous steps and will help you
to determine what steps to take next.

= Journal: Document the upgrades and repairs that you perform. The documentation
should include descriptions of the problem, possible solutions that have been tried to
correct the problem, and the steps taken to repair the problem. Be sure to note any con-
figuration changes made to the equipment and any replacement parts used in the repair.
Your journal, along with your notes, can be valuable when you encounter similar situa-
tionsin the future.
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m History of repairs: Make a detailed list of problems and repairs, including the date,
replacement parts, and customer information. The history allows a technician to deter-
mine what work has been performed on a computer in the past.

Note
It can be helpful to keep an electronic journal stored on a computer for later troubleshooting.

Internet Reference Tools

The Internet is an excellent source of information about specific hardware problems and
possible solutions. Examples of Internet reference tools include the following:

m |nternet search engines
= Newsgroups

= Manufacturer FAQs

Online computer manuals

Online forums and chat sessions

Technica websites

Miscellaneous Tools

With experience, you will discover many additional items to add to the tool kit. Figure 2-5
shows how aroll of masking tape can be used to label parts that have been removed from a
computer.

Figure 2-5 Labeled Computer Parts
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A working computer is also a valuable resource to take with you on computer repairsin the
field. A working computer can be used to research information, download tools or drivers,
or communicate with other technicians.

Figure 2-6 shows the types of computer replacement parts to include in atool kit. Make
sure that the parts are in good working order before you use them. Using known good
working components to replace possible bad ones in computers will help you quickly deter-
mine which component might not be working properly. You should store components in an
antistatic bag prior to installation, as shown in Figure 2-7.

Figure 2-6  Replacement Computer Parts

Lab 2.3.4: Computer Disassembly

In thislab, you will disassemble a computer using safe lab procedures and the proper tools.
Use extreme care and follow all safety procedures. Familiarize yourself with the tools you
will be using in this lab. Refer to the lab in IT Essentials: PC Hardware and Software Labs
and Sudy Guide, Third Edition (ISBN 1-58713-198-6). You can perform this lab now or
wait until the end of the chapter.
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Figure 2-7  Store Replacement Computer Parts in an Antistatic Bag

Implement Proper Tool Use

Safety in the workplace is everyone's responsibility. For computer repairs, always use the
correct tool for the job. The correct tool will make the job easier to complete. You are much
less likely to injure yourself or damage components when using the proper tool for the job.

Before cleaning or repairing equipment, check to make sure that your tools are in good con-
dition. Clean, repair, or replace any items that are not functioning adequately.

After completing the following sections, you will meet these objectives:

= Demonstrate proper use of an antistatic wrist strap

Demonstrate proper use of an antistatic mat

Demonstrate proper use of various hand tools

Demonstrate proper use of cleaning materials

Demonstrate Proper Use of an Antistatic Wrist Strap

As discussed previously, an example of ESD is the small shock that someone receives when
you walk across a carpeted room and touch a doorknob. Although the small shock is harm-
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less to you, the same electrical charge passing from you to a computer can damage its com-
ponents. Wearing an antistatic wrist strap can prevent ESD damage to computer compo-
nents.

The purpose of an antistatic wrist strap is to equalize the electrical charge between you and
the equipment. The antistatic wrist strap is a conductor that connects your body to the
equipment that you are working on. When static electricity builds in your body, the connec-
tion made by the wrist strap to the equipment, or ground, channels the electricity through
the wire that connects the strap.

As shown in Figure 2-8, the wrist strap has two parts and is easy to wear:

1. Wrap the strap around your wrist and secure it using the snap or Velcro. The metal on
the back of the wrist strap must remain in contact with the skin at all times.

2. Snap the connector on the end of the wire to the wrist strap and connect the other end
either to the equipment or to the same grounding point that the antistatic mat is con-
nected to. The metal skeleton of the case is a good place to connect the wire. When
connecting the wire to equipment you are working on, choose an unpainted metal sur-
face. A painted surface does not conduct the electricity as well as unpainted metal.

Figure 2-8  Antistatic Wrist Strap

Note
Attach the wire on the same side of the equipment as the arm that is wearing the antistatic wrist
strap. This will help to keep the wire out of the way while you are working.

Although wearing a wrist strap will help to prevent ESD, you can further reduce the risks
by not wearing clothing made of silk, polyester, or wool. These fabrics are more likely to
generate a static charge.
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Note
Technicians should roll up their sleeves and tuck in their shirts to prevent interference from clothes.
Also, ensure that earrings, necklaces, and other loose jewelry are properly secured.

Caution
Never wear an antistatic wrist strap if you are repairing a monitor or CRT.

Demonstrate Proper Use of an Antistatic Mat

You might not always have the option to work on a computer in a properly equipped work-
space. If you can control the environment, try to set up your workspace away from carpeted
areas. Carpets can cause the buildup of electrostatic charges. If you cannot avoid the carpet-
ing, take great care to ground yourself to the unpainted portion of the computer case that
you are working on before touching any components.

Antistatic Mat

An antistatic mat is slightly conductive. It works by drawing static electricity away from a
component and transferring it safely from equipment to a grounding point, as shown in
Figure 2-9.

Figure 2-9  Antistatic Mat

Lay the mat on the workspace next to or under the computer case. Clip the mat to the case
to provide a grounded surface on which you can place parts as you remove them from the
system. Reducing the potential for ESD reduces the likelihood of damage to delicate cir-
Cuits or components.

Note
Always handle components by the edges.
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Workbench

When you are working at a workbench, ground the workbench and the antistatic floor mat.
By standing on the mat and wearing the wrist strap, your body has the same charge as the
equipment. Correct use of an antistatic mat and awrist strap will prevent an electrical
charge from causing damage to computer components.

Demonstrate Proper Use of Various Hand Tools

A technician needs to be able to properly use each tool in the tool kit. This topic covers
many of the various hand tools used when repairing computers.

Screws

Match each screw with the proper screwdriver. Place the tip of the screwdriver on the head
of the screw. Turn the screwdriver clockwise to tighten the screw and counterclockwise to
loosen the screw.

Screws can become stripped if you overtighten them with a screwdriver. A stripped screw,
shown in Figure 2-10, can get stuck in the screw hole, or it might not tighten firmly.
Discard stripped screws.

Figure 2-10 Stripped Screw

Flat Head Screwdriver

Use aflat head screwdriver when you are working with a slotted screw. Do not use a flat
head screwdriver to remove a Phillips head screw. Also, do not use a screwdriver as a pry
bar. If any component requires prying, you might have overlooked a clip or latch that can be
holding the component in place.
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Caution

If excessive force is needed to remove or add a component, something is probably wrong. Take a sec-
ond look to make sure that you have not missed something that is holding the component in place.
Check the device manual or diagram for additional information.

Phillips Head Screwdriver

Use a Phillips head screwdriver with crosshead screws. Do not use this type of screwdriver
to puncture anything. This will damage the head of the screwdriver.

Hex Drivers

As shown in Figure 2-11, use a hex driver to loosen and tighten bolts that have a hexagonal
(six-sided) head. Hex bolts should not be overtightened because the threads of the bolts can
be stripped. Do not use a hex driver that is too large for the bolt that you are turning.

Figure 2-11 Hex Driver

Caution

Some tools are magnetized. When working around electronic devices, be sure that the tools you are
using have not been magnetized. Magnetic fields can be harmful to data stored on magnetic media.
Test your tool by touching the tool with a screw. If the screw sticks to the tool, do not use the tool.

Part Retriever, Needle-Nose Pliers, or Tweezers

As shown in Figure 2-12, the part retriever, needle-nose pliers, or tweezers can be used to
place and retrieve parts that can be hard to reach with your fingers. Do not scratch or hit
any components when using these tools.
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Figure 2-12 Component Retrieving Tools

Part retriever

Tweezers

Needle-nose pliers

Caution
Pencils should not be used inside the computer to change the setting of switches or to pry off
jumpers. The pencil lead can act as a conductor and can damage the computer components.

Demonstrate Proper Use of Cleaning Materials

Keeping computers clean inside and out is a vital part of a maintenance program. Dirt can
cause problems with the physical operation of fans, buttons, and other mechanical compo-
nents. On electrical components, an excessive buildup of dust will act like an insulator and
trap the heat. This insulation will impair the ability of heat sinks and cooling fans to keep
components cool, causing chips and circuits to overheat and fail.

Caution
Before cleaning any device, turn it off and unplug the device from the power source.

Cleaning Computer Cases and Monitors

Clean computer cases and the outside of monitors with a mild cleaning solution on a damp,
lint-free cloth. Mix one drop of dishwashing liquid with four ounces of water to create the
cleaning solution. If any water drips inside the case, allow enough time for the liquid to dry
before powering on the computer.

Cleaning LCD Screens

Do not use ammoniated glass cleaners or any other solution on an LCD screen unless the
cleaner is specifically designed for the purpose. Harsh chemicals will damage the coating
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on the screen. There is no glass protecting these screens, so be gentle when cleaning them
and do not press firmly on the screen.

Cleaning CRT Screens
To clean the screens of CRT monitors, dampen a soft, clean, lint-free cloth with distilled
water and wipe the screen from top to bottom. Do not spray the glass cleaner directly onto
the display.

Note

Use a soft, dry cloth to wipe the screen and remove any streaking after you have cleaned the monitor.

Clean dusty components with a can of compressed air. Compressed air does not cause elec-
trostatic buildup on components. Make sure that you are either outside or in a well-ventilat-
ed area before blowing the dust out of the computer. A best practice is to wear a dust mask
to make sure that you do not breathe in the dust particles. You might need more than one
can for larger jobs. As you use a can of compressed air, the force of the air will diminish.
Alternate using each can of air so that each can has time to recharge.

Note

Blow out the dust using short bursts from the can. Never tip or use the compressed air can upside
down. Do not alow the fan blades to spin from the force of the compressed air. Hold the fan in place.
Fan motors can be ruined from spinning when the motor is not turned on. Do not allow the tip of the
nozzle to touch the components because ESD can form at the nozzle tip.

Cleaning Component Contacts

Clean the contacts on components with isopropyl acohol. Do not use rubbing alcohol.
Rubbing alcohol contains impurities that can damage contacts. Make sure that the contacts
do not collect lint from the cloth or cotton swab. Blow any lint off the contacts with com-
pressed air before reinstallation.

Cleaning Keyboards

Clean a desktop keyboard with compressed air or a small, handheld vacuum cleaner with a
brush attachment.

Caution

Never use a vacuum cleaner inside a computer case or on alaptop keyboard. The plastic parts of the
vacuum cleaner can build static electricity and discharge to the components. Use compressed air to
clean a laptop keyboard.
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Cleaning a Mouse

Use glass cleaner and a soft cloth to clean the outside of the mouse. Do not spray glass
cleaner directly on the mouse. If cleaning a ball mouse, you can remove the ball and clean
it with glass cleaner and a soft cloth. Wipe the rollers clean inside the mouse with the same
cloth. You might need to use a nail file to clean the rollers on the mouse. Do not spray lig-
uids inside the mouse.

The following list documents the computer items that you should clean and the cleaning
materials you should use in each case:

Computer case and outside of monitor: Mild cleaning solution of dishwashing liquid
and water

L CD screen: Mild cleaning solution of dishwashing liquid and water

CRT screen: Glass cleaner and soft cloth (spray on the cloth, not on the screen)
Heat sink: Compressed air

RAM stick: Isopropy! alcohol and some Q-tips

Keyboard: Handheld vacuum cleaner with a brush attachment

Mouse: Glass cleaner and soft cloth (spray on the cloth, not on the mouse)
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Summary

This chapter discussed safe lab procedures, correct tool usage, and the proper disposal of
computer components and supplies. You have familiarized yourself in the lab with many of
the tools used to build, service, and clean computer and electronic components. You have
also learned the importance of organizational tools and found out how these tools help you
work more efficiently.

The following are some of the important concepts to remember from this chapter:
m Work in a safe manner to protect both users and equipment.
m Follow all safety guidelines to prevent injuries to yourself and to others.
= Know how to protect equipment from ESD damage.

= Know about and be able to prevent power issues that can cause equipment damage or
data | oss.

= Know which products and supplies require special disposal procedures.

m Familiarize yourself with MSDSs for both safety issues and disposal restrictions to help
protect the environment.

m Be able to use the correct tools for the task.
= Know how to clean components safely.

m Use organizational tools during computer repairs.

Summary of Exercises

Thisis asummary of the Labs, Worksheets, Remote Technician exercises, Class Discussions,
Virtual Desktop activities, and Virtual Laptop activities associated with this chapter.

Labs

The following lab covers material from this chapter. Refer to the [ab in IT Essentials: PC
Hardware and Software Labs and Sudy Guide, Third Edition (ISBN 1-58713-198-6).

Lab 2.3.4: Computer Disassembly
Worksheets

The following worksheet covers material from this chapter. Refer to the worksheet in IT
Essentials: PC Hardware and Software Labs and Sudy Guide, Third Edition (ISBN 1-
58713-198-6).

Worksheet 2.2.2: Diagnostic Software
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Check Your Understanding

You can find the answers to these questions in the appendix, “Answers to Check Your
Understanding Questions.”

1. What class of fire extinguisher is used to extinguish electrical equipment fires?

A. ClassA
B. ClassB
C. ClassC
D. ClassD

2. Which of the following is a fact sheet that summarizes information about material iden-
tification, including hazardous ingredients that can affect personal health, fire hazards,
and first aid requirements?

A. ESD
B. MSDS
C. OSHA
D. UPS

3. Which of the following can cause permanent damage to electrical components if you
do not use proper tools and safety procedures?
A. ESD
UPS
MSDS
OSHA

Oow

4. What is the minimum level of electrostatic discharge that a person can normally feel?

5 volts
1000 volts
3000 volts
10,000 volts

©Sow?>

5. Which recommendation should be followed first when a fire in the workplace is out of
control?
A. Try to use the elevators to get to the lowest floor faster.
B. Get out of the room or building and contact emergency services for help.
C. Use the company water system to stop the fire from extending to other areas.
D. Try to control the fire with proper extinguishers.
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6. Which of the following tools are recommended for cleaning a PC? (Choose two.)
Antibacterial spray

Compressed air

Mild abrasive detergent

Nylon brush

Rubbing alcohol

F. Soft cloth

mo o wm >

7. How does a technician discharge static buildup?

A. Touching the painted part of the computer case

B. Touching an unpainted part of the computer case

C. Touching an antistatic wrist strap before touching any computer equipment
D. Touching an antistatic mat before touching any computer equipment

8. Which device is designed specifically to protect computers and electrical devices from
excess electrical voltage?

A. Power strip

B. Standby power supply

C. Surge protector

D. Uninterruptible power supply

9. Which of the following effects can be observed on computer components as a result of
climate? (Choose three.)

Components overhest if it is too hot.

M oisture damages computer partsiif it is too humid.
Components work too slowly if it is too cold.
Therisk of ESD increases if the humidity is too |ow.

mOow>»

Therisk of ESD increases if the temperature is too high.
F. Components overheat if the humidity is too low.
10. Which condition refers to a sudden and dramatic increase in voltage, which is usually
caused by lighting?
A. Brownout
B. Sag
C. Spike
D. Surge



CHAPTER 3

Computer Assembly Step by Step

Objectives

Upon completion of this chapter, you should be able to answer the following questions:

= How do | open the case?

What is the process to install the power supply?

How do | attach the components to the mother-
board and install the motherboard?

How do | install internal drives?

How do | install drivesin external bays?

Key Terms

m How do | install adapter cards?

= What is the process to connect all internal
cables?

= How do | reattach the side panels and connect
external cables to the computer?

= What happens when | boot the computer for the
first time?

This chapter uses the following key terms. You can find the definitions in the Glossary.

electrostatic discharge  page xx

power supply page xx

motherboard  page xx

central processing unit (CPU)  page xx
heat sink/fan  page xx

zero insertion force (ZIF) socket  page xx
thermal compound page xx

isopropyl alcohol  page xx
random access memory (RAM)  page xx
volatile memory  page xx

hard disk drive (HDD) page xx

optical drive page xx
Molex power connector —page Xx

floppy disk drive (FDD) page xx

Berg power connector  page xx

adapter card page xx

network interface card (NIC) page xx

video adapter card page xx

Advanced Technology Extended (ATX) page xx

serial advanced technology attachment (SATA)
power connector  page xx

parallel advanced technology attachment (PATA)
cable page xx

serial advanced technology attachment (SATA) data
cable page xx

Basic Input/Output System (BIOS)  page xx
beep code page xx

complementary metal-oxide semiconductor (CMOS)
page xx
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Assembling computersis alarge part of atechnician’s job. As atechnician, you will need to
work in alogical, methodical manner when working with computer components. As with
any learned trade, your computer assembly skills will improve dramatically with practice.

Open the Case

Computer cases are produced in avariety of form factors. Form factors refer to the size and
shape of the case.

Prepare the workspace before opening the computer case. There should be adequate light-
ing, good ventilation, and a comfortable room temperature. The workbench or table should
be accessible from all sides. Avoid cluttering the surface of the workbench or table with
tools and computer components. An antistatic mat on the table will help prevent physical
and electrostatic discharge (ESD) damage to equipment. Small containers can be used to
hold screws and other parts as you remove them.

There are different methods of opening cases. To learn how to open a particular computer
case, consult the user manual or manufacturer’s website. Most computer cases are opened
in one of the following ways:

m The computer case cover can be removed as one piece.
m The case's top and side panels can be removed.

= Thetop of the case may need to be removed before the side panels can be removed.

Install the Power Supply

A technician may be required to replace or install a power supply, as shown in Figure 3-1.
Most power supplies can fit only one way in the computer case. Usually, three or four
screws attach the power supply to the case. Power supplies have fans that can vibrate and
loosen screws that are not secured. When installing a power supply, make sure that all the
screws are used and that they are properly tightened.

These are the power supply installation steps.
Step 1.  Insert the power supply into the case.
Step 2.  Align the holes in the power supply with the holes in the case.

Step 3.  Secure the power supply to the case using the proper screws.
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Figure 3-1 Power Supply

Virtual Desktop Activity: Power Supply

Complete the power supply layer in the Virtual Desktop. Refer to the Virtual Desktop soft-
ware on the CD that comes with this book.

Lab 3.2.0: Install the Power Supply

In thislab you install the power supply in the computer. Refer to thelab in IT Essentials:
PC Hardware and Software Labs and Study Guide, Third Edition. You may perform thislab
now or wait until the end of the chapter.

Attach the Components to the Motherboard
and Install the Motherboard

This section details the steps to install components on the motherboard and then install the
motherboard into the computer case.

After completing this section, you will meet these objectives:
= |nstall a CPU and a heat sink/fan assembly.
= |nstall the RAM.
= |nstall the motherboard.

Install a CPU and a Heat Sink/Fan Assembly

The central processing unit (CPU) and the heat sink/fan assembly may be installed on the
motherboard before the motherboard is placed in the computer case.
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Figure 3-2 shows a close-up view of the CPU and the motherboard. The CPU and mother-
board are sensitive to electrostatic discharge. When handling a CPU and motherboard, make
sure that you place them on a grounded antistatic mat. You should wear an antistatic wrist
strap while working with these components.

Figure 3-2 CPU and Motherboard

Caution
When handling a CPU, do not touch the CPU contacts at any time.

The CPU is secured to the socket on the motherboard with alocking assembly. CPU sock-
etstoday are zero insertion force (ZI F) sockets. You should be familiar with the locking
assembly before attempting to install a CPU into the socket on the motherboard.

Thermal compound helps keep the CPU cool. Figure 3-3 shows therma compound being
applied to the CPU.

When you are installing a used CPU, clean the CPU and the base of the heat sink with iso-
propyl alcohol. Doing this removes all traces of old thermal compound. The surfaces are
now ready for a new layer of thermal compound. Follow all manufacturer recommendations
about applying the thermal compound.
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Figure 3-3  Thermal Compound on the CPU

Figure 3-4 shows the heat sink/fan assembly. It is a two-part cooling device. The heat sink
draws heat away from the CPU, and the fan moves the heat away from the heat sink. The
heat sink/fan assembly usually has a three-pin power connector.

Figure 3-4  Heat Sink/Fan Assembly on the Motherboard

Follow these instructions for CPU and hesat sink/fan assembly installation:

Step 1.  Align the CPU so that the Connection 1 indicator is lined up with Pin 1 on the

CPU socket. Doing this ensures that the orientation notches on the CPU are
aligned with the orientation keys on the CPU socket.

Step 2.  Place the CPU gently into the socket.
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Step 3. Close the CPU load plate and secure it in place by closing the load lever and
moving it under the load lever retention tab.

Step 4. Carefully apply a small amount of therma compound to the CPU, and spread it
evenly. Follow the application instructions provided by the manufacturer.

Step 5. Align the heat sink/fan assembly retainers with the holes on the motherboard.

Step 6. Place the heat sink/fan assembly onto the CPU socket, being careful not to pinch
the CPU fan wires.

Step 7.  Tighten the heat sink/fan assembly retainers to secure the assembly in place.

Step 8.  Connect the heat sink/fan assembly power cable to the header on the mother-
board.

Install the RAM

Like the CPU and the heat sink/fan assembly, random-access memory (RAM) isinstalled
in the motherboard before the motherboard is secured in the computer case. Before you
install a memory module, consult the motherboard documentation or website of the manu-
facturer to ensure that the RAM is compatible with the motherboard.

RAM provides temporary data storage for the CPU while the computer is operating. RAM
is volatile memory, which means that its contents are lost when the computer is shut down.
Typicaly, more RAM enhances your computer’s performance.

Follow these steps for RAM installation:

Step 1.  Align the notches on the RAM module to the keys in the slot, and press down

until the side tabs click into place.

Step 2. Make sure that the side tabs have locked the RAM module. Visually check for
exposed contacts.

Repeat these steps for additional RAM modules.

Install the Motherboard

The motherboard is now ready to install in the computer case. Plastic and meta standoffs
are used to mount the motherboard and to prevent it from touching the metal portions of the
case. You should install only the standoffs that align with the holes in the motherboard.
Installing any additional standoffs may prevent the motherboard from being seated properly
in the computer case.
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Follow these steps for motherboard installation:
Step 1.  Instal standoffsin the computer case.

Step 2.  Align the 1/O connectors on the back of the motherboard with the openingsin
the back of the case.

Step 3.  Align the screw holes of the motherboard with the standoffs.
Step 4. Insert al the motherboard screws.

Step 5. Tighten all the motherboard screws.

Virtual Desktop Activity: Motherboard

Complete the motherboard assembly in the Virtual Desktop motherboard layer. Refer to the
Virtual Desktop software on the CD that comes with this book.

Lab 3.3.3: Install the Motherboard

In thislab you install the CPU, heat sink/fan assembly, RAM, and motherboard. Refer to
thelab in IT Essentials: PC Hardware and Software Labs and Study Guide, Third Edition.
You may perform this lab now or wait until the end of the chapter.

Install Internal Drives

Drives that are installed in internal bays are called internal drives. A hard disk drive (HDD)
isan example of an interna drive.

Follow these steps for HDD installation:
Step 1.  Position the HDD so that it aligns with the 3.5-inch drive bay.

Step 2. Insert the HDD into the drive bay so that the screw holes in the drive line up
with the screw holes in the case.

Step 3.  Secure the HDD to the case using the proper screws.

Virtual Desktop Activity: Internal Drives

Complete the hard drive installation in the Virtual Desktop internal drive layer. Refer to the
Virtual Desktop software on the CD that comes with this book.
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Install Drives in External Bays

Drives, such as optical drives and floppy drives, are installed in drive bays that are accessed
from the front of the case. Optical drives and floppy drives store data on removable media.
Drivesin external bays let you access the media without opening the case.

After completing this section, you will meet these objectives:
= [nstall the optical drive.
m |nstall the floppy drive.

Install the Optical Drive

An optical drive is a storage device that reads and writes information to CDs and DVDs. A
Molex power connector provides the optical drive with power from the power supply. A
PATA cable connects the optical drive to the motherboard.

Follow these steps for optical drive installation:
Step 1.  Position the optical drive so that it aligns with the 5.25-inch drive bay.

Step 2. Insert the optical drive into the drive bay so that the optical drive screw holes
align with the screw holesin the case.

Step 3.  Secure the optical drive to the case using the proper screws.

Install the Floppy Drive

A floppy disk drive (FDD) is a storage device that reads and writes information to a floppy
disk. A Berg power connector provides the FDD with power from the power supply. A
floppy data cable connects the FDD to the motherboard.

A floppy disk drive fits into the 3.5-inch bay on the front of the computer case, as shown in
Figure 3-5.

Follow these steps for FDD installation:
Step 1.  Position the FDD so that it aligns with the 3.5-inch drive bay.

Step 2. Insert the FDD into the drive bay so that the FDD screw holes align with the
screw holesin the case.

Step 3.  Secure the FDD to the case using the proper screws.
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Figure 3-5  Floppy Drive Installed

Virtual Desktop Activity: Drives in External Bays

Complete the optical and floppy drive installation in the Virtual Desktop drives in the exter-
nal bays layer. Refer to the Virtual Desktop software on the CD that comes with this book.

Lab 3.5.2: Install the Drives

In thislab you install the hard drive, optical drive, and floppy drive. Refer to thelab in IT
Essentials: PC Hardware and Software Labs and Sudy Guide, Third Edition. You may per-
form this lab now or wait until the end of the chapter.

Install Adapter Cards

Adapter cards are installed to add functionality to a computer. Adapter cards must be com-
patible with the expansion slot. This section focuses on the installation of three types of
adapter cards:

m PClex1 NIC
m PCl wirelessNIC
m PCle x16 video adapter card
After completing this section, you will meet these objectives:
m |nstall the NIC.
m Install the wireless NIC.
m [nstall the video adapter card.
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Install the NIC

A network interface card (NI C) enables a computer to connect to a network. NICs use PCI
and PCle expansion dlots on the motherboard, as shown in Figure 3-6.

Figure 3-6 NIC

Follow these steps for NIC installation:

Step 1.  Align the NIC to the appropriate expansion slot on the motherboard.

Step 2.  Press down gently on the NIC until the card is fully seated.

Step 3.  Secure the NIC PC mounting bracket to the case with the appropriate screw.

Install the Wireless NIC

A wireless NIC, as shown in Figure 3-7, enables a computer to connect to a wireless net-
work. Wireless NICs use PCl and PCle expansion slots on the motherboard. Some wireless
NICs are installed externally with a USB connector.

Follow these steps for wireless NIC installation:
Step 1.  Align the wireless NIC to the appropriate expansion slot on the motherboard.
Step 2.  Press down gently on the wireless NIC until the card is fully seated.

Step 3.  Secure the wireless NIC PC mounting bracket to the case with the appropriate
screw.
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Figure 3-7  Wireless NIC

Install the Video Adapter Card

A video adapter card, shown in Figure 3-8, is the interface between a computer and a dis-
play monitor. An upgraded video adapter card can provide better graphics capabilities for
games and graphic programs. Video adapter cards use PCl, AGP, and PCle expansion slots
on the motherboard.

Figure 3-8 Video Adapter Card

Follow these steps for video adapter card installation:

Step 1.  Align the video adapter card to the appropriate expansion slot on the mother-

board.
Step 2.  Press down gently on the video adapter card until the card is fully seated.
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Step 3.  Secure the video adapter card PC mounting bracket to the case with the appro-
priate screw.

Virtual Desktop Activity: Adapter Cards

[

‘02 Complete the NIC, wireless NIC, and video adapter card installation in the Virtual Desktop
adapter card layer. Refer to the Virtual Desktop software on the CD that comes with this
book.

/ Lab 3.6.3: Install Adapter Cards

In thislab you install the NIC, wireless NIC, and video adapter card. Refer to thelabin IT
Essentials: PC Hardware and Software Labs and Study Guide, Third Edition. You may per-
form this lab now or wait until the end of the chapter.

Connect All Internal Cables

Power cables are used to distribute electricity from the power supply to the motherboard
and other components. Data cables transmit data between the motherboard and storage
devices, such as hard drives. Additional cables connect the buttons and link lights on the
front of the computer case to the motherboard.

After completing this section, you will meet these objectives:
= Connect the power cables.

m Connect the data cables.

Connect the Power Cables
This section deals with the following:

Motherboard power connections

SATA power connectors

Molex power connectors

Berg power connectors

Motherboard Power Connections

Just like other components, motherboards require power to operate. The Advanced
Technology Extended (ATX) main power connector has either 20 or 24 pins. The power
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supply may also have afour-pin or six-pin auxiliary (AUX) power connector that connects
to the motherboard. A 20-pin connector will work in a motherboard with a 24-pin socket.

Follow these steps for motherboard power cable installation:

Step 1.  Align the 20-pin ATX power connector to the socket on the motherboard.
Step 2.  Gently press down on the connector until the clip clicks into place.

Step 3.  Align the four-pin AUX power connector to the socket on the motherboard.

Step 4. Gently press down on the connector until the clip clicks into place.

SATA Power Connectors

Serial advanced technology attachment (SATA) power connectors use a 15-pin connector.
SATA power connectors are used to connect to hard disk drives, optical drives, or any
devices that have a SATA power socket.

Molex Power Connectors
Hard disk drives and optical drives that do not have SATA power sockets use a Molex
power connector.

Caution
Do not use a Molex connector and a SATA power connector on the same drive at the same time.

Berg Power Connectors
The four-pin Berg power connector supplies power to a floppy drive.

Follow these steps for power connector installation:

Step 1.  Plug the SATA power connector into the HDD.

Step 2.  Plug the Molex power connector into the optical drive.
Step 3.  Plug the four-pin Berg power connector into the FDD.

Step 4. Connect the three-pin fan power connector into the appropriate fan header on the
motherboard according to the motherboard manual.

Step 5. Plug the additional cables from the case into the appropriate connectors accord-
ing to the motherboard manual.

Connect the Data Cables

Drives connect to the motherboard using data cables. The drive being connected determines
the type of data cable used. The types of data cables are PATA, SATA, and floppy drive.
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PATA Data Cables

The parallel advanced technologies attachment (PATA) cable is sometimes called a ribbon
cable because it is wide and flat. The PATA cable can have either 40 or 80 conductors. A
PATA cable usually has three 40-pin connectors. One connector at the end of the cable con-
nects to the motherboard. The other two connectors connect to drives. The end of the PATA
cableis keyed and can be inserted only one way.

A stripe on the data cable denotes pin 1. Plug the PATA cable into the drive with the pin 1
indicator on the cable aligned to the pin 1 indicator on the drive connector. The pin 1 indi-
cator on the drive connector is usually closest to the power connector on the drive. Many
motherboards have two PATA drive controllers, which provides support for a maximum of
four PATA drives.

SATA Data Cables

The serial advanced technology attachment (SATA) data cable has a seven-pin connector.
One end of the cable is connected to the motherboard. The other end is connected to any
drive that has a SATA data connector.

Floppy Data Cables

The floppy drive data cable has a 34-pin connector. Like the PATA data cable, the floppy
drive data cable has a stripe to denote the location of pin 1. A floppy drive data cable usual-
ly has three 34-pin connectors. One connector at the end of the cable connects to the moth-
erboard. The other two connectors connect to drives. If multiple floppy drives are installed,
the A: drive connects to the end connector after the twist in the cable. The B: drive connects
to the middle connector.

Plug the floppy drive data cable into the drive with the pin 1 indicator on the cable aligned
to the pin 1 indicator on the drive connector. Motherboards have one floppy drive controller,
which provides support for a maximum of two floppy drives.

Note

If pin 1 on the floppy drive data cable is not aligned with pin 1 on the drive connector, the floppy
drive will not function. This misalignment will not damage the drive, but the drive activity light will
display continuously. To fix this problem, turn off the computer and reconnect the data cable so that
pin 1 on the cable and pin 1 on the connector are aligned. Reboot the computer.

Data Cable Installation
Follow these steps for data cable installation:

Step 1.  Plug the motherboard end of the PATA cable into the motherboard socket.
Step 2.  Plug the connector at the far end of the PATA cable into the optical drive.
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Step 3. Plug one end of the SATA cable into the motherboard socket.

Step 4. Plug the other end of the SATA cable into the HDD.

Step 5. Plug the motherboard end of the FDD cable into the motherboard socket.
Step 6.  Plug the connector at the far end of the FDD cable into the floppy drive.

Virtual Desktop Activity: Internal Cables

Complete the internal cable installation in the Virtual Desktop internal cable layer. Refer to
the Virtual Desktop software on the CD that comes with this book.

Lab 3.7.2: Install Internal Cables

In thislab you install internal power and data cables in the computer. Refer to thelab in IT
Essentials: PC Hardware and Software Labs and Study Guide, Third Edition. You may per-
form this lab now or wait until the end of the chapter.

Reattach the Side Panels and Connect External
Cables to the Computer

Now that all the internal components have been installed and connected to the motherboard
and power supply, the side panels are reattached to the computer case. The next step isto
connect the cables for all computer peripherals and the power cable.

After completing this section, you will meet these objectives:
m Reattach the side panels to the case.

m Connect external cables to the computer.

Reattach the Side Panels to the Case

Most computer cases have two panels, one on each side. Some computer cases have one
three-sided cover that slides over the case frame.

As soon as the cover isin place, make sure that it is secured at all screw locations. Some
computer cases use screws that are inserted with a screwdriver. Other cases have knob-type
screws that can be tightened by hand.

If you are unsure how to remove or replace the computer case, refer to the documentation
or the manufacturer’s website for more information.
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Caution
Handle case parts with care. Some computer case covers have sharp or jagged edges.

Connect External Cables to the Computer

After the case panels have been reattached, connect the cables to the back of the computer.
Here are some common external cable connections:

Monitor
Keyboard
Mouse
USB
Ethernet
Power

When attaching cables, ensure that they are connected to the correct locations on the com-
puter. For example, some mouse and keyboard cables use the same type of PS/2 connector.

Caution
When attaching cables, never force a connection.

Note
Plug in the power cable after you have connected all other cables.

Follow these steps for external cable installation:

Step 1.  Attach the monitor cable to the video port.

Step 2.  Secure the cable by tightening the screws on the connector.

Step 3.  Plug the keyboard cable into the PS/2 keyboard port.

Step 4. Plug the mouse cable into the PS/2 mouse port.

Step 5. Plug the USB cable into a USB port.

Step 6.  Plug the network cable into the network port.

Step 7.  Connect the wireless antenna to the antenna connector.

Step 8.  Plug the power cable into the power supply.

Figure 3-9 shows all the external cables plugged into the back of the computer.
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Figure 3-9  All External Cables Plugged into the Back

Virtual Desktop Activity: External Cables

Complete the external cable installation in the Virtual Desktop external cable layer. Refer to
the Virtual Desktop software on the CD that comes with this book.

Lab 3.8.2: Complete the Computer Assembly

In this lab you reattach the case and connect the external cables to complete the computer
assembly. Refer to thelab in I T Essentials: PC Hardware and Software Labs and Study
Guide, Third Edition. You may perform this lab now or wait until the end of the chapter.

Boot the Computer for the First Time

When the computer is booted, the basic input/output system (Bl OS) performs a check of
all theinternal components, as shown in Figure 3-10. This check is called a power-on self
test (POST).

After completing this section, you will meet these objectives:
= |dentify beep codes.
m Describe the BIOS setup.
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Figure 3-10 POST Screen Shot

Copyright 1996-2002

SWV25.B6B.0094.P01.0211111021

SWVZ2 Production BIOS Version 1.00

BIOS Build 0094

2 X Intel(R) Xeon(TM) CPU 2.00GH=z

Tasting system memory, memory size=1024MB

1024MB Extended Memory Passed
512K L2 Cache SRAM Passed

USB Legacy Enabled

Identify Beep Codes

POST checks to see that all the hardware in the computer is operating correctly. If a device
is malfunctioning, an error or beep code alerts the technician that a problem has occurred.
Typically, a single beep denotes that the computer is functioning properly. If a hardware
problem exists, the computer may emit a series of beeps. Each BIOS manufacturer uses dif-
ferent codes to indicate hardware problems. Table 3-1 is a sample chart of beep codes. The
beep codes for your computer may be different. Consult the motherboard documentation to
view beep codes for your computer.

Table 3-1 Sample Beep Codes

Beep Code Meaning Cause

1 beep (no video) Memory refresh failure Bad memory

2 beeps Memory parity error Bad memory

3 beeps Base 64K memory failure Bad memory

4 beeps Timer not operational Bad motherboard

5 beeps Processor error Bad processor

6 beeps 8042 gate A20 failure Bad CPU or motherboard
7 beeps Processor exception Bad processor

8 beeps

Video memory error

Bad video card or memory
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Beep Code Meaning Cause

9 beeps ROM checksum error Bad BIOS

10 beeps CMOS checksum error Bad motherboard

11 beeps Cache memory bad Bad CPU or motherboard

Describe the BIOS Setup

The BIOS contains a setup program used to configure settings for hardware devices. The
configuration data is saved to a special memory chip called a complementary metal-oxide
semiconductor (CMOS). CMOS is maintained by the battery in the computer. If this battery
dies, al BIOS setup configuration datais lost. If this occurs, replace the battery and recon-
figure the BIOS settings.

To enter the BIOS setup program, you must press the proper key or key sequence during
POST. Most computers use the Delete key. Your computer may use another key or combina-
tion of keys, as specified during the boot process.

Figure 3-11 shows an example of a BIOS setup program.

Figure 3-11 BIOS Setup Screen Shot

AMIBIOS(C)Z001 American Megatrends, Inc.
BIDS Date: 08,1403 19:41:02 Ver: 08.00.02

Press DEL to run Setup
Checking NURAM. .

10Z4MB OK

Auto-Detecting Pri Master..IDE Hard Disk
Auto-Detecting Pri Slave...IDE Hard Disk
Auto-Detecting Sec Master..CDROM
Auto-Detecting Sec Slave...Not Detected
Pri Master: 1. 1 Uirtual HD

Pri Slave @ 1. 1 UVirtual HD

Sec Master: Uirtual CD

Here are some common BIOS setup menu options:
m Main: System time, date, HDD type, and so on
m Advanced: Infrared port settings, parallel port settings, and so on
m Security: Password settings for the setup utility
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m Others: Low-battery alarm, system beep, and so on
= Boot: The computer’s boot order

m EXxit: Exits the setup utility

/ Lab 3.9.2: Boot the Computer

In thislab you boot the computer and verify BIOS settings. Refer tothelabin IT
Essentials: PC Hardware and Software Labs and Sudy Guide, Third Edition. You may per-
form this lab now or wait until the end of the chapter.
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Summary

This chapter detailed the steps used to assemble a computer and boot the system for the first
time. These are some important points to remember:

Computer cases come in a variety of sizes and configurations. Many of the computer’s
components must match the case's form factor.

The CPU isinstalled on the motherboard with a heat sink/fan assembly.

RAM isinstalled in RAM dlots found on the motherboard.

Adapter cards are installed in PCI and PCle expansion slots found on the motherboard.
Hard disk drives are installed in 3.5-inch drive bays located inside the case.

Optical drives are installed in 5.25-inch drive bays that can be accessed from outside
the case.

Floppy drives are installed in 3.5-inch drive bays that can be accessed from outside the
case.

Power supply cables are connected to al drives and the motherboard.
Internal data cables transfer data to all drives.

External cables connect peripheral devices to the computer.

Beep codes signify when hardware malfunctions.

The BIOS setup program is used to display information about the computer compo-
nents and allows the user to change system settings.

Summary of Exercises

Thisis asummary of the Labs, Worksheets, Remote Technician exercises, Class

Discussions, Virtual Desktop activities, and Virtual Laptop activities associated with

this chapter.

Labs

The following labs cover material from this chapter. Refer to the labsin IT Essentials:

PC Hardware and Software Labs and Study Guide, Third Edition.
Lab 3.2.0: Install the Power Supply

Lab 3.3.3: Install the M otherboard

Lab 3.5.2: Install the Drives

Lab 3.6.3: Install Adapter Cards
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Lab 3.7.2: Install Internal Cables

Lab 3.8.2: Complete the Computer Assembly
Lab 3.9.2: Boot the Computer

Virtual Desktop Activities

The following Virtual Desktop activities cover material from this chapter. Refer to the
Virtual Desktop software on the CD that comes with this book.

Virtual Desktop Activity: Power Supply

Virtual Desktop Activity: Motherboard

Virtual Desktop Activity: Internal Drives

Virtual Desktop Activity: Drivesin External Bays
Virtual Desktop Activity: Adapter Cards

Virtual Desktop Activity: Internal Cables

Virtual Desktop Activity: External Cables

Check Your Understanding

You can find the answers to these questions in the appendix, “Answers to Check Your
Understanding Questions.”

1. A technician isinstalling a new power supply in a computer. Which type of power con-
nector should be used to connect to a CD-ROM?
A. Berg
B. Mini-Molex
C. Molex
D. 20-pin ATX connector
2. A technician isinstalling a new power supply in a computer. Which type of power con-
nector should be used to connect to an ATX motherboard?
A. Berg
B. Mini-Molex
C. Molex
D. 20-pin connector
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3. When atechnician installs a new CPU, what will help maintain even contact and heat
distribution between the CPU and heat sink?

A

B
C.
D

. Silicon spray

. Graphite paste
Glue

. Thermal compound

4. Wheninstalling a CPU in a ZIF socket, how should the technician align the pins to
avoid damage?

A
B.
C

D

. Pin 1 isalways aligned with the corner opposite the base of the lever.

Pin 1 on the CPU is aligned with Pin 1 on the ZIF socket.

. Pin 1 is aligned with the corner closest to the memory.

. The removed corner of the CPU is always aligned with the corner opposite Pin 1.

5. A technician isinstalling additional memory in a computer. How can the technician
guarantee that the memory is correctly aligned?

A.
B.
(€

D.

The label on the memory module should always face the CPU.
A notch in the memory module should be aligned with a notch in the memory slot.

The arrows on the memory module should be aligned with the arrows on the moth-
erboard slot.

All memory and motherboard slots are color-coded, with one red end and one blue
end.

6. When mounting a motherboard in a computer case, what does the technician use to
prevent the motherboard from touching the bottom of the case?

A

B
C
D

. Standoffs

. Ground-fault isolators
. Silicon spray

. Grounding straps

7. When installing adapter cards in a computer, how should a technician properly secure
the card?

A.
B.
(€

Install the card, and attach it to the expansion slot using thermal paste.
Install the card, and attach it to the motherboard using thermal pads.

Install the card, and secure it using metal retaining clips located on the expansion
dlot.

Install the card, and secure it to the case with a screw.
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8. Which two connectors are used to connect external peripherals?
EIDE

Molex

PATA

PS/2

UsB

m©oOoOow>



CHAPTER 4

Basics of Preventive Maintenance and
Troubleshooting

Objectives
Upon completion of this chapter, you will able to answer the following questions:
= What is the purpose of preventive maintenance?

= What are the elements of the troubleshooting

process?
Key Terms
This chapter uses the following key terms. You can find the definitions in the Glossary.
preventive maintenance page xx closed-ended questions  page xx
troubleshooting  page xx Event Viewer page xx
backup page xx Device Manager page xx

open-ended questions  page xXx power-on self test (POST)  page xx
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This chapter introduces preventive maintenance and the troubleshooting process. Preventive
maintenance is aregular and systematic inspection, cleaning, and replacement of worn
parts, materials, and systems. Preventive maintenance helps to prevent failure of parts,
materials, and systems by ensuring that they are in good working order. Troubleshooting is
a systematic approach to locating the cause of afault in a computer system. A good preven-
tive maintenance program helps minimize failures. With fewer failures, there is less trou-
bleshooting to do, thus saving an organization time and money. Preventive maintenance can
also include upgrading certain hardware or software such as a hard drive that is making
noise, upgrading memory that is insufficient, or installing software updates for security or
reliability.

Troubleshooting is alearned skill. Not al troubleshooting processes are the same, and tech-
nicians tend to refine their troubleshooting skills based on knowledge and personal experi-
ence. Use the guidelines in this chapter as a starting point to help develop your trou-
bleshooting skills. Although each situation is different, the process described in this chapter
will help you to determine your course of action when you are trying to solve a technical
problem for a customer.

Explain the Purpose of Preventive Maintenance

Preventive maintenance is used to reduce the probability of hardware or software problems
by systematically and periodically checking hardware and software to ensure proper operation.

Check the condition of cables, components, and peripherals. Clean components to reduce
the likelihood of overheating. Repair or replace components that show signs of abuse or
excess wear. Use the following tasks as a guide to create a hardware maintenance program:

Remove dust from fan intakes.

Remove dust from the power supply.

Remove dust from components inside the computer.

Clean the mouse and keyboard.
m Check and secure loose cables.

Verify that installed software is current. Follow the policies of the organization when
installing security updates, operating system updates, and program updates. Many organiza-
tions do not allow updates until extensive testing has been completed. This testing is done
to confirm that the update will not cause problems with the operating system and software.
Use the tasks listed as a guide to create a software maintenance schedule that fits the needs
of your computer equipment:

= Review security updates

= Review software updates
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m Review driver updates

m Update virus definition files
m Scan for viruses and spyware
= Remove unwanted programs
= Scan hard drives for errors

m Defragment hard drives

Be proactive in computer equipment maintenance and data protection. By performing regu-
lar maintenance routines, you can reduce potential hardware and software problems. Doing
this will reduce computer downtime and repair costs.

A preventive maintenance plan is developed based on the needs of the equipment. A com-
puter exposed to a dusty environment, such as a construction site, will need more attention
than egquipment in an office environment. High-traffic networks, such as a school network,
can require additional scanning and removal of malicious software or unwanted files.
Document the routine maintenance tasks that must be performed on the computer equip-
ment and the frequency of each task. This list of tasks can then be used to create a mainte-
nance program. Remember, the more you use your computer, the more frequently you
should perform preventive maintenance. This can include doing a defragmentation of the
hard drive weekly rather than monthly, continually scanning files for viruses rather than
performing a scan once a week, and checking for updates for software and hardware every
two weeks rather than monthly.

Some benefits of preventive maintenance include the following:
m |ncreases data protection
= Extends the life of the components
® |ncreases equipment stability

m Reduces repair costs

Reduces the number of equipment failures

Identify the Steps of the Troubleshooting
Process

Troubleshooting requires an organized and logical approach to problems with computers
and other components. A logical approach to troubleshooting allows you to eliminate vari-
ablesin a systematic order. Asking the right questions, testing the right hardware, and
examining the right data help you understand the problem. This helps you form a proposed
solution.
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Troubleshooting is a skill that you will refine over time. Each time you solve another prob-
lem, you will increase your troubleshooting skills by gaining more experience. You will
learn how and when to combine, as well as skip, steps to reach a solution quickly. The trou-
bleshooting process is a guideline that you can modify to fit your needs.

In the following sections, you will learn an approach to problem solving that you can apply
to both hardware and software. You also can apply many of the steps to problem solving in
other work-related areas.

The troubleshooting process consists of the following steps:
Step 1.  Gather data from the customer.

Step 2.  Verify the obvious.

Step 3. Try quick or less intensive solutions first.

Step 4. Gather data from the computer.

Step 5. Evaluate the problem and implement the solution.
Step 6. Close with the customer.

It is best to follow this process and document the process as you go through it. This will
help you to identify solutions the next time you encounter a similar problem and help you
work backward if you made unwanted changes.

Note
The term customer, as used in this course, is any user that requires technical computer assistance.

After completing the following sections, you will be able to explain the purpose of data
protection and perform each step in the troubleshooting process.

Explain the Purpose of Data Protection

Before you begin troubleshooting problems, always follow the necessary precautions to
protect data on a computer. Some repairs, such as replacing a hard drive or reinstalling an
operating system, can put the data on the computer at risk. Make sure that you do every-
thing possible to prevent data loss while attempting repairs.

Caution

Although data protection is not one of the six troubleshooting steps, you must protect data before
beginning any work on a customer’s compuiter. If your work results in data loss for the customer, you
or your company could be held liable.

A backup is acopy of the data on a computer hard drive that is saved to media such as a
CD, DVD, or tape drive. In an organization, backups are routinely done on a daily, weekly,
and monthly basis.
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If you are unsure that a backup has been done, do not attempt any troubleshooting activities
until you check with the customer. Hereis alist of items to verify with the customer about
data backups:

m Date of the last backup

= Contents of the backup

m Dataintegrity of the backup

= Availability of al backup mediafor a data restore

If the customer does not have a current backup and you are not able to create one, you
should ask the customer to sign aliability release form. A liability release form should con-
tain at least the following information:

m Permission to work on the computer without a current backup available
m Release from liability if dataislost or corrupted

= Description of the work to be performed

Gather Data from the Customer

During the troubleshooting process, gather as much information from the customer as possi-
ble. The customer will provide you with the basic facts about the problem. Hereis alist of
some of the important information to gather from the customer:

m Customer information
= Company name
= Contact name
= Address
= Phone number
m Computer configuration
= Manufacturer and model
m Operating system information
= Network environment
= Connection type
m Description of problem
= Open-ended questions
m Closed-ended questions
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When you are talking to the customer, you should follow these guidelines:
m Ask direct questions to gather information.
= Do not use industry jargon when talking to customers.

Do not talk down to the customer.

Do not insult the customer.

= Do not accuse the customer of causing the problem.

By communicating effectively, you will be able to elicit the most relevant information about
the problem from the customer.

When gathering information from customers, use both open-ended and closed-ended ques-
tions. Start with open-ended questions to obtain general information. Open-ended questions
alow customers to explain the details of the problem in their own words. Some examples of
open-ended questions are

What problems are you experiencing with your computer or network?

What software has been installed on your computer recently?

What were you doing when the problem was identified?
m What hardware changes have recently been made to your computer?

Based on the information from the customer, you can proceed with closed-ended questions.

Closed-ended questions generally require a yes or no answer. These questions are intended

to get the most relevant information in the shortest time possible. Some examples of closed-
ended questions are

= Has anyone else used your computer recently?

= Can you reproduce the problem?

Have you changed your password recently?
= Have you received any error messages on your computer?
= Areyou currently logged in to the network?

The information obtained from the customer should be documented in the work order and
in the repair journal. The work order is arecord of what was done and the time that it took
to make the repair. The repair journal is awritten record of anything that was learned during
the repair that can help you on future projects. Write down anything that you think might be
important for you or another technician. Often, the small details can lead to the solution of
adifficult problem.
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Verify the Obvious Issues

The second step in the troubleshooting process is to verify the obvious issues. Even though
the customer might think that there is a major problem, start with the obvious issues before
moving to more complex diagnoses.

Verify the following obvious issues:
m | oose external cable connections.

Incorrect boot order in BIOS.

Nonbootable disk in floppy drive.

Power switch for an outlet is turned off.

Surge protector is turned off.
m Deviceis powered off.

If you find an obvious issue that fixes the problem, you can go to the last step and close
with the customer. These steps are simply a guideline to help you solve problems in an effi-
cient manner. If the problem is not resolved when you verify the obvious issues, you will
need to continue with the troubleshooting process.

Try Quick Solutions First

The next step in the troubleshooting process is to try quick solutions first. Obvious issues
and quick solutions sometimes overlap each other and can be used together to repair the
problem. Document each solution that you try. Information about the solutions that you
have tried is vital if the problem needs to be escalated to another technician.

Some common quick solutions include
m Check that all cables are connected to the proper ports.
= Remove and reconnect cables.
= Reboot the computer or network device.
m Login asadifferent user.
m Check computer for the latest OS patches and updates.

If aquick solution does not resolve the problem, document your results and try the next
most likely solution. Continue this process until you have solved the problem or have tried
all the quick solutions. Document the resolution for future reference.
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Gather Data from the Computer

The next step in the troubleshooting process is to gather data from the computer. You have
tried all the quick solutions, but the problem is still not resolved. It is now time to verify the
customer’s description of the problem by gathering data from the computer.

To help gather information from the computer, you will need to be aware of some of the
most common utilities or features of a computer. These utilities or features include the
Event Viewer, Device Manager, BIOS information and beep codes, and various diagnostic
tools.

Event Viewer

When system, user, or software errors occur on a computer, the Event Viewer is updated
with information about the errors. The Event Viewer application, shown in Figure 4-1,
records the following information about the problem:

= The problem that occurred

The date and time of the problem

The severity of the problem

The source of the problem

Event ID number

The user who was logged in when the problem occurred

Figure 4-1 Event Viewer

B Event Viewer @ E]@

File Action VYiew Help
o BB £

| |Event Yiewer (Local) Event Viewer (Local)

] Applic.atlon | Name | Type | Description | Size I

m Aecurily Application Log Application Error Records 512,.0KB

m i?EtEe:nentLog Security Log Security Audit Records 64.0 KB
System Log System Error Records S512.0KB

14| Internet Explorer
ACEEventLog Log Custom Log Error Records 384.0KB

Internet Explorer Log Custom Log Error Records
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Although this utility lists details about the error, you might still need to research the
solution.

Device Manager

The Device Manager, shown in Figure 4-2, displays all the devices that are configured on a
computer. Any device that the operating system determines to be acting incorrectly will be
flagged with an error icon. This type of error is denoted as a yellow circle with an exclama-
tion point (!). If adeviceis disabled, it will be flagged with ared circle and an X.

Figure 4-2  Device Manager
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g Disk drives
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e DVD/CD-ROM drives
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\5 Floppy disk drives

{8 Human Interface Devices

IDE ATA/ATAPI controllers

&9 IEEE 1394 Bus host controllers
> Keyboards

1) Mice and other pointing devires
§Mnnitnrs

HE Metwork adapters

@- Other devices

%% Processors

@, sound, video and game controllers
ig System devices

Universal Serial Bus controllers

Beep Codes

Each BIOS manufacturer has a unique beep sequence for hardware failures. When trou-
bleshooting, power on the computer and then listen. As the system proceeds through the
power-on self test (POST), most computers will emit one beep to indicate that the system is
booting properly. If thereis an error, you might hear multiple beeps. Document the beep
code sequence, and research the code to determine the specific hardware failure.

BIOS Information

If the computer boots and stops after the POST, you should investigate the BIOS settings to
determine where to find the problem. A device might not be detected or configured proper-
ly. Refer to the motherboard manual to make sure that the BIOS settings are accurate.
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Diagnostic Tools

Conduct research to determine what software is available to help diagnose and solve prob-
lems. There are many programs available that can help you troubleshoot hardware. Often,
manufacturers of system hardware provide their own diagnostic tools. A hard drive manu-
facturer, for example, might provide atool that can be used to boot the computer and diag-
nose problems with the hard drive when it will not start Windows.

Evaluate the Problem and Implement the Solution

The next step in the troubleshooting process is to evaluate the problem and implement the
solution. When researching possible solutions for a problem, use the following sources of
information:

= Your own problem-solving experience
m Other technicians

= [nternet search

= Newsgroups

= Manufacturer FAQs

= Computer manuals

= Device manuals

= Online forums

= Technical websites

Divide larger problems into smaller problems that you can analyze and solve individually.
You should prioritize solutions, starting with the easiest and fastest to implement. Create a
list of possible solutions and implement them one at atime. If you implement a possible
solution and it does not work, reverse the solution and try another.

Close with the Customer

After the repairs to the computer have been completed, finish the troubleshooting process
by closing with the customer. Communicate the problem and the solution to the customer
verbally and in al documentation. The steps to be taken when you have finished a repair
and are closing with the customer include

m Discuss the solution implemented with the customer.
= Have the customer verify that the problem has been solved.

= Provide the customer with all paperwork.
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= Document the steps taken to solve the problem in the work order and in the techni-
cian'sjournal.

= Document any components used in the repair.
= Document the amount of time spent to resolve the problem.

Verify the solution with the customer. If the customer is available, demonstrate how the
solution has corrected the computer problem. Have the customer test the solution and try to
reproduce the problem. When the customer can verify that the problem has been resolved,
you can complete the documentation for the repair in the work order and in your journal.
The documentation should include the following information:

m The description of the problem
= The steps to resolve the problem

m The components used in the repair
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Summary

This chapter discussed the concepts of preventive maintenance and the troubleshooting
process, including the following important points:

= Regular preventive maintenance reduces hardware and software problems.

m Before beginning any repair, back up the data on a computer.

m The troubleshooting process is a guideline to help you solve computer problemsin an
efficient manner.

= Document everything that you try, even if it fails. The documentation that you create
will become a useful resource for you and other technicians.

Summary of Exercises

There are no Labs, Worksheets, Remote Technician exercises, Class Discussions, Virtual
Desktop activities, or Virtual Laptop activities associated with this chapter.

Check Your Understanding

You can find the answers to these questions in the appendix, “Answers to Check Your
Understanding Questions.”

1. Which of the following common tasks are performed during preventive maintenance?
(Choose three.)

moow»

F.

Check and secure |oose cables.
Update the RAM.

Clean the mouse and keyboard.
Update drivers.

Reinstall the operating system.
Install additional peripherals.

2. In which of the following situations is it recommended to ask the customer to sign a
liability release form before attempting any kind of repair? (Choose two.)

A.

moo®

The technician needs to share the responsibility with the customer.
The information on the computer is critical.

The technician is unable to back up the customer information.
The information in the backup is confidential.

The customer is unable to provide a backup.
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3. What isthefirst step in the troubleshooting process?

A. Gather data from the computer.

Gather data from the customer.

Verify the obvious issues.

Evaluate the problem and implement the solution.
Close with the customer.

mmOOw

Try quick solutions.

4. Which type of question allows the customer to completely describe the problem?
A. Closed-ended
B. Open-ended
C. Specific
D. Technical

5. What isthe last step in the troubleshooting process?

Gather data from the computer.

Gather data from the customer.

Verify the obvious issues.

Evaluate the problem and implement the solution.
Close with the customer.

mmOoOw>

Try quick solutions.






CHAPTER 5

Fundamental Operating Systems

Objectives

Upon completion of this chapter, you should be able to answer the following questions:

m What is the purpose of an operating system?

= How do different operating systems compare
with one another based on purpose, limitations,

and compatibilities?

= How do you determine the appropriate operating

system based on customer needs?

= How do you install an operating system?

Key Terms

= How do you navigate within an operating
system GUI?

= What are some common preventive maintenance
techniques for operating systems and how are

they applied?

= What can be done to troubleshoot operating
systems?

This chapter uses the following key terms. You can find the definitions in the Glossary.

operating system (OS) page xx
command-line interface (CLI) page xx
graphical user interface (GUI) page xx
real mode page xx

protected mode page xx

virtual real mode page xx
compatibility mode page xx

hardware compatibility list (HCL) page xx
primary partition page xx

active partition page xx

extended partition page xx

logical drive page xx

formatting page xx

cluster page xx

track page xx

cylinder page xx

drive mapping page xx

File Allocation Table, 32-bit (FAT32) page xx
New Technology File System (NTFS) page xx
Device Manager page xx

disk cloning page xx

NT Loader (NTLDR) page xx

Windows registry  page xx

Msconfig  page xx

Regedit page xx

Control Panel applets page xx

continues
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continued
Task Manager page xx Windows Restore Point  page xx

Event Viewer page xx emergency repair disk (ERD) page xx
Remote Desktop  page xx Automated System Recovery (ASR)  page xx
preventive maintenance page Xx normal backup page xx

system utilities  page xx full backup page xx

ScanDisk  page xx copy backup page xx

CHKDSK  page xx incremental backup page xx

Defrag page xx differential backup page xx

Automatic Updates page xx daily backups page xx
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The operating system (OS) controls almost all functions on a computer. In this chapter, you
will learn about the components, functions, and terminology related to the Windows 2000
and Windows XP operating systems.

Explain the Purpose of an Operating System

All computers rely on an operating system (OS) to provide the interface for interaction
among users, applications, and hardware. The operating system also manages the file sys-
tem. Almost all modern operating systems can support more than one user, task, or CPU.

Roles of an operating system include

Control hardware access

Manage files and folders

Provide user interface

Manage applications
After completing the following sections, you will meet these objectives:
m Describe characteristics of modern operating systems

m Explain operating system concepts

Describe Characteristics of Modern Operating
Systems

Regardless of the size and complexity of the computer and the operating system, all operat-
ing systems perform the same four basic functions:

Control hardware access

Manage files and folders

Provide a user interface

Manage applications

Control Hardware Access

The operating system manages the interaction between applications and the hardware. To
access and communicate with the hardware, the operating system installs a device driver for
each hardware component. A device driver is a small program written by the hardware man-
ufacturer and supplied with the hardware component. When the hardware device is
installed, the device driver is aso installed, allowing the OS to communicate with the hard-
ware component.
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The process of assigning system resources and installing drivers can be performed with
Plug and Play (PnP). The PnP process was introduced in Windows 95 to simplify the instal-
lation of new hardware. All modern operating systems are PnP compatible. With PnP, the
operating system automatically detects the PnP-compatible hardware and installs the driver
for that component. The operating system then configures the device and updates the reg-
istry, which is a database that contains all the information about the computer.

Note
The registry contains information about applications, users, hardware, network settings, and file
types.

File and Folder Management

The operating system creates afile structure on the hard disk drive to alow datato be
stored. A fileisablock of related data that is given a single name and treated as a single
unit. Program and data files are grouped together in a directory. The files and directories are
organized for easy retrieval and use. Directories can be kept inside other directories. These
nested directories are referred to as subdirectories. Directories are called foldersin
Windows operating systems, and subdirectories are called subfolders.

The file structure on the hard drive is stored in atable called a file alocation table for
Windows. This table contains the location where all the separate blocks, or clusters, that
make up afile are located on the physical hard drive. The table format and cluster size for
Windows vary depending on how the hard drive was formatted. The format for the file
structure can be FAT, FAT32, and NTFS. These formats will be discussed later in the chap-
ter in the section “Prepare Hard Drive.”

User Interface
The operating system enables the user to interact with software and hardware. There are
two types of user interfaces:

m Command-line interface (CLI): The user types commands at a prompt, as shown in
Figure 5-1.

m Graphical user interface (GUI): The user interacts with menus and icons, as shown in
Figure 5-2.

Most operating systems, such as Windows 2000 and Windows XP, include both a GUI and
aCLl.
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Figure 5-1 Command-Line Interface
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Figure 5-2  Graphical User Interface
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Application Management

The operating system locates an application and loads it into the RAM of the computer.
Applications are software programs, such as word processors, databases, spreadshests,
games, and many other applications. The operating system ensures that each application has
adequate system resources.
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An application programming interface (API) is a set of guidelines used by programmers to
ensure that the application they are developing is compatible with an operating system. Two
examples of APIs are:

m Open GraphicsLibrary (OpenGL): Cross-platform standard specification for multi-
media graphics

m DirectX: Collection of APIsrelated to multimedia tasks for Microsoft Windows

Explain Operating System Concepts

To understand the capahilities of an operating system, it is important to understand some
basic terms. The following terms are often used when comparing operating systems:

= Multiuser: Two or more users can work with programs and files and share peripheral
devices at the same time.

= Multitasking: The computer is capable of operating multiple applications at the same
time.

= Multiprocessing: The computer can have two or more central processing units (CPU)
that programs share.

= Multithreading: A program can be broken into smaller parts that can be loaded as need-
ed by the operating system. Multithreading allows individual programsto be multi-
tasked.

Almost all modern operating systems are multiuser and multitasking, and they support mul-
tiprocessing and multithreading.

Modes of Operation

All modern CPUs can run in different modes of operation. The mode of operation refers to
the capability of the CPU and the operating environment. The mode of operation determines
how the CPU will manage applications and memory. The four common modes of operation
are asfollows:

Real mode

Protected mode
Virtual real mode

Compatible mode

Memory allocation will determine where applications are stored in memory. Table 5-1
shows an example of the logical memory allocation.
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Table 5-1 Memory Management

Memory Type Logical Memory Allocation

Conventional 0to 640 KB

Upper 640 KB to 1 MB

Extended 1 MB to the maximum amount of RAM installed

The sections that follow describe these modes of operation in greater detail.

Real Mode

A CPU that operates in real mode can only execute one program at atime, and it can only
address 1 MB of system memory at atime. Although al modern processors have real mode
available, it is only used by DOS and DOS applications or by 16-bit operating systems,
such as Windows 3.x. In real mode, when an application creates an error, the entire comput-
er can be affected because the program has direct access to memory. This can cause the
computer to stop responding, restart, or shut down due to corruption of the memory space.
Table 5-2 is a chart of some common DOS commands that can still be used in modern oper-
ating systems, such as Windows XP.

Table 5-2 Common DOS Commands

Command Function

HELP Provides command-line help

DIR Displays the contents of a directory

ATTRIB Changes the attributes of afile to indicate a read-only, archive,
system, or hidden file

EDIT Opens afile for editing

COPY Copies afile

XCOPY Copies files and subdirectories

FORMAT Formats a disk

MD Makes a new directory

CD Changes to a specified directory

RD Removes a directory
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Protected Mode

A CPU that operates in protected mode has access to al the memory in the computer,
including virtual memory. Virtual memory is hard disk space that is used to emulate RAM.
Operating systems that use protected mode can manage multiple programs simultaneously.
Protected mode provides 32-bit access to memory, drivers, and transfers between input and
output (1/0) devices. Protected mode is used by 32-bit operating systems, such as Windows
2000 and Windows XP. In protected mode, applications are protected from using the memo-
ry reserved for another application that is currently running.

Virtual Real Mode

A CPU that operatesin virtual real mode allows a real-mode application to run within a
protected-mode operating system. This can be demonstrated when a DOS application runs
in a 32-bit operating system, such as Windows XP.

Compatibility Mode

Compatibility mode creates the environment of an earlier operating system for applications
that are not compatible with the current operating system. As an example, an application
that checks the version of the operating system can be written for Windows NT and require
a particular service pack. Compatibility mode can create the proper environment or version
of the operating system to allow the application to run asif it isin the intended environ-
ment.

Describe and Compare Operating Systems to
Include Purpose, Limitations, and
Compatibilities

A technician can be asked to choose and install an operating system for a customer. The
type of OS selected depends on the customer’s requirements for the computer. There are
two distinct types of operating systems:

m Desktop operating systems: A desktop operating system is intended for use in a small
office/home office (SOHO) with a limited number of users.

= Network operating systems: A network operating system (NOS) is designed for a cor-
porate environment serving multiple users with a wide range of needs.

After completing the following sections, you will meet the following objectives:
m Describe desktop operating systems

m Describe network operating systems
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Describe Desktop Operating Systems
A desktop OS has the following characteristics:

m Supports asingle user

m Runs single-user applications

m Shares files and folders on a small network with limited security

In the current software market, the most commonly used desktop operating systems fall into
three groups:

= Microsoft Windows: Windows is one of the most popular operating systems today.
The following products are desktop versions of the Microsoft Windows operating
systems:

Windows XP Professional: Used on most computers that will connect to a
Windows server on a network

Windows XP Home Edition: Used on home computers and has very limited
security

Windows XP Media Center: Used on entertainment computers for viewing
movies and listening to music

Windows XP Tablet PC Edition: Used for tablet PCs
Windows XP 64-bit Edition: Used for computers with 64-bit processors

Windows 2000 Professional: Older Windows operating system that has been
replaced by Windows XP Professional

Windows Vista: Newest version of Windows

m Apple Mac OS: Apple computers are proprietary and use an operating system called
Mac OS. Mac OS is designed to be a user-friendly GUI operating system. Current ver-
sions of Mac OS are now based on a customized version of UNIX.

= UNIX/Linux: UNIX, which was introduced in the late 1960s, is one of the oldest oper-
ating systems. There are many different versions of UNIX today. One of the most
recent is the extremely popular Linux. Linux was developed by Linus Torvaldsin 1991,
and it is designed as an open-source operating system. Open-source programs allow the
source code to be distributed and changed by anyone as a free download or from devel-
opers at amuch lower cost than other operating systems.
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Describe Network Operating Systems
A network OS has the following characteristics:

= Supports multiple users

= Runs multiuser applications

Is robust and redundant

m Providesincreased security compared to desktop operating systems
The most commonly used network operating systems are as follows:

= Microsoft Windows: Network operating systems offered by Microsoft are Windows
2000 Server and Windows Server 2003. Windows Server operating systems use a cen-
tral database called Active Directory to manage network resources.

= Novell NetWare: Novell NetWare was the first OS to meet network OS requirements
and enjoy widespread deployment in PC-based LANSs back in the 1980s.

m Linux: Linux operating systems include Red Hat, Caldera, SUSE, Debian, and
Slackware.

= UNIX: Various corporations offered proprietary operating systems based on UNIX.

Worksheet 5.2.2: NOS Certifications and Jobs

In this activity, you will use the Internet, a newspaper, or magazines to gather information
about network operating system certifications and jobs that require these certifications.
Refer to the worksheet in IT Essentials: PC Hardware and Software Labs and Sudy Guide,
Third Edition (ISBN 1-58713-198-6). You can complete this worksheet now or wait to do
so until the end of the chapter.

Determine Operating System Based on
Customer Needs

To select the proper operating system to meet the requirements of your customer, you need
to understand how the customer wants to use the computer. The operating system that you
recommend should be compatible with any applications that will be used and should sup-
port all hardware that is installed in the computer. If the computer will be attached to a net-
work, the new operating system should also be compatible with other operating systems on
the network.
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After completing the following sections, you will meet the following objectives:
= |dentify applications and environments that are compatible with an operating system

m Determine minimum hardware requirements and compatibility with the OS platform

Identify Applications and Environments That Are
Compatible with an Operating System

An operating system should be compatible with all applications that are installed on a com-
puter. Before recommending an OS to your customer, investigate the types of applications
that your customer will be using. If the computer will be part of a network, the operating
system must also be compatible with the operating systems of the other computers in the
network. The network type determines what operating systems are compatible. Microsoft
Windows networks can have multiple computers using different versions of Microsoft oper-
ating systems. The following questions offer guidelines that will help you determine the
best operating system for your customer:

m Doesthe computer have “ off-the-shelf” applications or customized applications
that were programmed specifically for this customer? If the customer will be using
a customized application, the programmer of that application will specify which operat-
ing system is compatible with it. Most off-the-shelf applications specify alist of com-
patible operating systems on the outside of the application package.

= Arethe applications programmed for a single user or multiple users? Thisinfor-
mation will help you decide whether to recommend a desktop OS or a network OS. If
the computer will be connected to a network, make sure to recommend the same OS
platform that the other computers on the network use.

= Areany data files shared with other computers, such as a laptop or home comput-
er ? To ensure compatibility of file formats, recommend the same OS platform that the
other data file—sharing computers use.

As an example, your customer might have a Windows network installed and want to add
more computers to the network. In this case, you should recommend a Windows OS for the
new computers. If the customer does not have any existing computer equipment, the choice
of available OS platforms increases. To make an OS recommendation, you will need to
review budget constraints, learn how the computer will be used, and determine what types
of applications will be installed.

Determine Minimum Hardware Requirements and
Compatibility with the OS Platform
Operating systems have minimum hardware requirements that must be met for the OS to

install and function correctly. Table 5-3 is a chart of the minimum hardware requirements
for Windows 2000, Windows XP Pro, and Windows XP Home operating systems.
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Table 5-3 Minimum Hardware Requirements
Windows 2000 Windows XP Pro Windows XP Home
CPU Pentium 133 MHz 233 MHz (single- 233 MHz
or dual-processor 300 MHz or higher
system) recommended
300 MHz or higher  Intel Pentium/Celeron
recommended family
Intel Pentium/ AMD K6/Athlon/
Celeron family Duron family, or
AMD K6/Athlon/ compatible
Duron family, or
compatible
RAM 64 MB 64 MB 64 MB
128 MB or higher 128 MB or higher 128 MB or higher
recommended recommended recommended
Hard Disk Drive 2 GB with650 MB 1.5 GB available 1.5 GB available hard
of free space hard disk space disk space
6.4 GB with2GB  Moreis Moreis
of free space recommended if recommended if
recommended installing over a installing over a
network network
Video Adapter Card | VGA resolution Super VGA Super VGA
SVGA resolution (800 x 600) (800 x 600) resolution
recommended resolution Higher resolution
Higher resolution recommended
recommended

Identify the equipment that your customer has in place. If hardware upgrades are necessary
to meet the minimum requirements for an OS, conduct a cost analysis to determine the best
course of action. In some cases, it can be less expensive for the customer to purchase a new
computer than to upgrade the current system. In other cases, it can be cost effective to

upgrade one or more of the following components:

= RAM
m Hard disk drive
= CPU

Video adapter card
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Note

In some cases, the application requirements can exceed the hardware requirements of the operating
system. For the application to function properly, it will be necessary to satisfy the additional require-
ments.

After you have determined the minimum hardware requirements for an OS, you should
ensure that all the hardware in the computer is compatible with the operating system that
you have selected for your customer.

Hardware Compatibility List

Most operating systems have a hardware compatibility list (HCL) that can be found on the
manufacturer’s website, as shown in Figure 5-3. These lists provide a detailed inventory of
hardware that has been tested and is known to work with the operating system. If any of
your customer’s existing hardware is not on the list, those components might need to be
upgraded to match components on the HCL.

Figure 5-3  Hardware Compatibility List
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Note

An HCL might not be continuously maintained and therefore might not be a comprehensive
reference.
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’/ Worksheet 5.3.2: Upgrade Hardware Components

In this worksheet, you will use the Internet, a newspaper, or alocal store to gather informa-
tion about hardware components. The scenario is that your customer’s computer currently
has 1 module of 256-MB RAM, a40-GB hard disk drive, and an AGP video adapter card
with 32 MB of RAM. Your customer wants to be able to play advanced video games. Refer
to the worksheet in IT Essentials. PC Hardware and Software Labs and Sudy Guide, Third
Edition (ISBN 1-58713-198-6). You can complete this worksheet now or wait to do so until
the end of the chapter.

Install an Operating System

As atechnician, you might have to perform a clean installation of an operating system.
Perform a clean install in the following situations:

= When a computer is passed from one employee to another
= When the operating system is corrupted
= When a new replacement hard drive isinstalled in a computer

Figure 5-4 shows an example of the Windows XP installation welcome screen.

Figure 5-4  Windows XP Installation

& Welcome to Microsoft Windows XP

\‘;:6 What do you want to do?

B install Windows XP

Install gptional Windows components

5
=»| Perform additional tasks
5>

Check system compatibility

After completing the following sections, you will meet these objectives:
= |dentify hard drive setup procedures
= Prepare the hard drive
m [nstall the operating system using default settings
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m Create user accounts

m Complete the installation

m Describe custom installation options

= |dentify the boot sequence files and registry files

m Describe how to manipulate operating system files

m Describe directory structures

Identify Hard Drive Setup Procedures

The installation and initial booting of the operating system is called the operating system
setup. Although it is possible to install an operating system over a network from a server or
from alocal hard drive, the most common installation method is with CDs and DVDs. To
install an OS from a CD or DVD, first configure the BIOS setup to boot the system from
the CD or DVD.

Partitioning and Formatting

Before installing an operating system on a hard drive, the hard drive must be partitioned
and formatted. When a hard drive is partitioned, it is logically divided into one or more
areas. When a hard drive is formatted, the partitions are prepared to hold files and applica-
tions. During the installation phase, most operating systems automatically partition and for-
mat the hard drive. A technician should understand the process relating to hard drive setup.
The following terms are used when referring to hard drive setup:

m Primary partition: This partition is usualy the first partition. A primary partition can-
not be subdivided into smaller sections. There can be up to four partitions per hard
drive.

m Active partition: This partition is the partition used by the operating system to boot the
computer. Only one primary partition can be marked active.

m Extended partition: This partition normally uses the remaining free space on a hard
drive or takes the place of a primary partition. There can be only one extended partition
per hard drive, and it can be subdivided into smaller sections called logical drives.

m | ogical drive: Thisdriveis a section of an extended partition that can be used to sepa-
rate information for administrative purposes.

m Formatting: This process prepares afile system in a partition for files to be stored.

m Cluster: A cluster isaso called afile alocation unit. It is the smallest unit of space
used for storing data.

m Track: A track is one complete circle of data on one side of a hard drive platter. A track
is broken into groups of 512 bytes, called sectors.
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m Cylinder: A cylinder is a stack of tracks lined up one on top of another to form a cylin-
der shape.

= Drive mapping: Drive mapping is aletter assigned to a physical or logical drive.

Figure 5-5 shows how the different parts of a hard drive correspond.

Figure 5-5 Hard Drive Access
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Prepare Hard Drive

A clean installation of an operating system proceeds as if the disk were brand new; there is
no attempt to preserve any information that is currently on the hard drive. The first phase of
the installation process entails partitioning and formatting the hard drive. This process pre-
pares the disk to accept the file system. The file system provides the directory structure that
organizes the user’s operating system, application, configuration, and data files.
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The Windows XP operating system can use one of two file systems:

m FileAllocation Table, 32-bit (FAT32): A file system that can support partition sizes up
to 2 TB, or 2048 GB. The FAT32 file system is supported by Windows 95, Windows
98, Windows Me, Windows 2000, and Windows XP.

= New Technology File System (NTFS): A file system that can support partition sizes up
to 16 exabytes, in theory. (An exabyte is 260 bytes.) NTFS incorporates more file sys-
tem security features and extended attributes than the FAT file system.

Figure 5-6 through Figure 5-10 show the five steps required to partition and format a drive
in Windows XP.

Figure 5-6  Hard Drive Preparation and Setup: Step 1

Figure 5-7  Hard Drive Preparation and Setup: Step 2
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Figure 5-8 Hard Drive Preparation and Setup: Step 3

Figure 5-9  Hard Drive Preparation and Setup: Step 4

/ Lab 5.4.2: Install Windows XP

In this lab, you will install the Windows XP Professional operating system. Refer to the lab
in T Essentials. PC Hardware and Software Labs and Sudy Guide, Third Edition (ISBN
1-58713-198-6). You can perform this lab now or wait until the end of the chapter.
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Figure 5-10 Hard Drive Preparation and Setup: Step 5

Install the Operating System Using Default Settings

When installing Windows XP, the installation wizard gives the option to install using typical
(default) settings or custom settings. Using the typical settings increases the likelihood of a
successful installation. However, the user must still provide the following information dur-
ing the setup:

Standards and formats that define currency and numerals
Text input language

Name of the user and company

Product key

Computer name

Administrator password

Date and time settings

Network settings

Domain or workgroup information
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When a computer boots up with the Windows installation CD, the Windows XP installation
starts with three options:

m Setup XP: To run the setup and install the X P operating system, press Enter.
m Repair XP: To repair an installation, press R to open the Recovery Console.
m Quit: To quit Setup without installing Windows XP, press F3.

Figure 5-11 shows the installation window for Windows XP.

Figure 5-11 Installing Windows

An exciting new look

Create Accounts

An administrator account is automatically created when Windows XP isinstalled. The
default administrator account is named “administrator.” For security purposes, change this
default name as soon as possible. This privileged account should only be used to manage
the computer; it should not be used as a daily account. It is recommended that you create
another account with limited access for daily use. People have accidentally made drastic
changes while using the administrator account instead of alimited user account. Attackers
seek out the administrative account because it is so powerful.

Create a user account when prompted during the installation process. This user account will
have full administrative privileges just like the administrator account. Unlike the adminis-
trator account, user accounts can be created at any time. A user account should have less
permissions than the computer administrator. For example, users might have the right to
read, but not modify, afile.
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Tip

Because of the security risks associated with the administrator account, it is recommended that you
rename the administrator account and also disable the account after creating a new account with full
administrative privileges. Because each user account is identified with a security identifier (SID),
changing the name of the administrator account does not change the SID. The SID of the administra-
tor account always begins with the letters S-1-5 and ends with -500. This would allow an attacker to
figure out what account was the default administrator even if it is renamed.

Figure 5-12 shows the installation screen for setting the computer name and setting the ini-
tial administrator password.

Figure 5-12 Creating an Administrator Account
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Complete the Installation

After the Windows installation copies al the necessary operating system files to the hard
drive, the computer will reboot and prompt you to log in for the first time.

You must register Windows XP. As shown in Figure 5-13, you must also complete the veri-
fication that ensures that you are using a legal copy of the OS. Doing so will enable you to
download patches and service packs. Performing this step requires a connection to the
Internet.

Depending on the age of the media at the time of your installation, there might be updates
toinstall. As shown in Figure 5-14, you can use the Microsoft Update Manager from the
Start menu (choose Start > All Programs > Accessories > System Tools > Windows
Update) to scan for new software and to do the following:

m |nstall all service packs

= |nstall al patches
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Figure 5-13 Activating Windows XP After Installation
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Checking if your computer has the latest version of Windows updating software for use with the
website...

The website uses ActiveX controls to determine which version of the software your computer is running. If you see an ActiveX warning, make sure the control is
digitally signed by Microsoft before instaling it or allowing it to run.

Microsoft Update Privacy Statement
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You should aso verify that al hardware is installed correctly. As shown in Figure 5-15, you
can use Device Manager to locate problems and to install the correct or updated drivers
using the following path:

Start > Control Panel > System > Hardwar e > Device M anager
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In Device Manager, warning icons are represented by a yellow exclamation point (!) or a
red X. A yellow exclamation point represents a problem with the device. To view the prob-
lem description, right-click the device and select Properties. A red X represents a device
that has been disabled. To enable the device, right-click the disabled device and select
Enable. To open a category that is not yet expanded, click the plus sign (+).

Note

When Windows detects a system error, Windows reporting displays a dialog box. If you choose to
send the report, Microsoft Windows error reporting (WER) collects information about the application
and the module involved in the error and sends the information to Microsoft.

Lab 5.4.5: Create Accounts and Check for Updates

In this lab, you will create user accounts and configure the operating system for automatic
updates after the Windows XP Professional installation process. Refer to thelab in IT
Essentials: PC Hardware and Software Labs and Study Guide, Third Edition (ISBN 1-
58713-198-6). You can perform this lab now or wait until the end of the chapter.

Describe Custom Installation Options

Installing an operating system on a single computer takes time. Imagine the time it would
take to install operating systems on multiple computers, one at atime, in alarge organiza-
tion. To simplify this activity, you can use the Microsoft System Preparation (Sysprep) tool
to install and configure the same operating system on multiple computers. Sysprep prepares
an operating system that will be used on computers with different hardware configurations.
With Sysprep and a disk-cloning application, technicians are able to quickly install an oper-
ating system, complete the last configuration steps for the OS setup, and install applications.
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Note

Some commonly used disk-cloning applications include Symantec PowerQuest Drive Image and
Norton Ghost.

Disk cloning creates an image of a hard drive in a computer. Follow these steps for disk
cloning:

Step 1. Create a master installation on one computer. This master installation includes

\ the operating system, software applications, and configuration settings that will
be used by the other computers in the organization.

Step 2. Run Sysprep. You can find the sysprep utility on the Windows XP operating sys-
tem CD by opening the deploy.cab file in the \Support\Tools folder.

Step 3. Create adisk image of the configured computer using a third-party disk-cloning
program.

Step 4. Copy the disk image onto a server. When the destination computer is booted, a
shortened version of the Windows setup program runs. The setup will create a
new system security identifier (SID), install drivers for hardware, create user
accounts, and configure network settings to finish the OS install.

Identify the Boot Sequence Files and Registry Files

You should know the process that Windows X P uses when booting. Understanding these
steps can help you to troubleshoot boot problems.

The boot sequence for Windows XP is as follows:
1. Power-on self test (POST) is run.
POST for each adapter card that has a BIOS is run.
BIOS reads the Master Boot Record (MBR).
MBR takes over control of the boot process and starts NT Loader (NTLDR).

a > ® BN

NTLDR reads the boot.ini file to know which OS to load and where to find the OS on
the boot partition.

NTLDR uses ntdetect.com to detect any installed hardware.
NTLDR loads the ntoskrnl.exe file and hal.dll.
NTLDR reads the registry files and loads device drivers.

© ® g 9

The ntoskrnl.exe file starts the winlogon.exe program and displays the Windows login
screen.
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Windows XP Boot Process

To begin the boot process, you first turn on the computer, which is called a cold boot. The
computer performs the power-on self test (POST). Because the video adapter has not yet
been initialized, any errors that occur at this point in the boot process will be reported by a
series of audible tones, called beep codes.

After the POST, the BIOS locates and reads the configuration settings that are stored in the
CMOS. This configuration setting is the order in which devices will be tried to see whether
an operating system is located there. The BIOS boots the computer using the first drive that
contains an operating system.

When the drive with the operating system is located, the BIOS locates the Master Boot
Record (MBR). The MBR locates the operating system boot loader. For Windows XP, the
boot loader is called NT Loader (NTLDR).

NTLDR and the Windows Boot Menu

At this point, NTLDR controls several installation steps. For example, if more than one OS
is present on the disk, boot.ini gives the user a chance to select which one to use. If there
are no other operating systems, or if the user does not make a selection before the timer
expires, the following steps occur:

1. NTLDR runs ntdetect.com to get information about installed hardware.

2. NTLDR then uses the path specified in boot.ini to find the boot partition.

3. NTLDR loads two files that make up the core of XP: ntoskrnl.exe and hal.dll.
4

. NTLDR reads the registry files, chooses a hardware profile, and loads device drivers.

Windows Registry

The Windows registry is a hierarchal database used by the Windows operating system to
store information and settings for hardware, software, users, and preferences on a system.
The registry is an important part of the Windows XP boot process. These registry files are
recognized by their distinctive names, which begin with HKEY _, as shown in Table 5-4,
followed by the name of the portion of the operating system under their control. Every set-
ting in Windows—from the background of the desktop and the color of the screen buttons
to the licensing of applications—is stored in the registry. When a user makes changes to the
Control Panel settings, file associations, system policies, or installed software, the changes
are stored in the registry.
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Table 5-4 Registry Keys

Key Description

HKEY_CLASSES ROOT Information about which file extensions map to a partic-
ular application

HKEY_CURRENT_USER Information, such as desktop settings and history, relat-
ed to the current user of aPC

HKEY_USERS Information about all users who have logged on to a
system

HKEY_LOCAL_MACHINE Information relating to the hardware and software

HKEY_CURRENT_CONFIG Information relating to all active devices on a system

Each user has a unique section of the registry. The Windows login process pulls system set-
tings from the registry to reconfigure the system to the state that it was in the last time that
the user turned it on.

NT Kernel

At this point, the NT kernel, the heart of the Windows operating system, takes over. The
name of this file is ntoskrnl.exe. It starts the login file called winlogon.exe and displays the
XP welcome screen.

Note

If a SCSI drive will boot the computer, Windows will copy the ntbootdd.sys file during installation.
This file will not be copied if SCSI drives are not being used.

Describe How to Manipulate Operating System Files

After you have installed Windows XP, you might want to make changes to the configura-
tion. The following applications are used extensively for postinstallation modifications:

m Msconfig: This boot configuration utility allows you to set the programs that will run at
startup and to edit configuration files. It also offers simplified control over Windows
Services, as shown in Figure 5-16. To access Msconfig, choose Start > Run, type
msconfig, and press Enter.

m Regedit: This application allows you to edit the registry, as shown in Figure 5-17.

Note

REGEDT32 was used with Windows NT. In Windows XP and Windows Server 2003, the
REGEDT32 file is nothing more than a shortcut to the regedit.exe program. In Windows XP, you can
enter regedt32.exe or regedit.exe; both commands run the same program.
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Figure 5-16 Msconfig
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Figure 5-17 Regedit
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Caution

Using regedt32.exe or regedit.exe incorrectly might cause configuration problems that could require
you to reinstall the operating system.

Startup Modes

You can boot Windows in one of many different modes. Pressing F8 during the boot
process opens the Windows Advanced Startup Options menu, which allows you to select
how to boot Windows. The following startup options are commonly used:

m Safe Mode: Starts Windows but only loads drivers for basic components, such as the
keyboard and display.

= Safe Mode with Networking Support: Starts Windows identically to Safe Mode and
also loads the drivers for network components.
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= Safe Mode with Command Prompt: Starts Windows and loads the command prompt
instead of the GUI.

m Last Known Good Configuration: Enables a user to load the configuration settings of
Windows that were used the last time that Windows successfully started. It does this by
accessing a copy of the registry that is created for this purpose.

Note

The Last Known Good Configuration option is not useful unlessit is applied immediately after afail-
ure occurs. If the machine is restarted and, despite its difficulties, manages to open Windows, the reg-
istry key for Last Known Good Configuration will probably be updated with the faulty information.

Describe Directory Structures

In Windows, files are organized in a directory structure. The root level of the Windows par-
tition is usually labeled drive C:\. Next, there is an initial set of standardized directories,
called folders, for the operating system, applications, configuration information, and data
files. Following the initia installation, users can install most applications and data in what-

ever directory they choose.
Filesin the directory structure adhere to a Windows naming convention:
= Maximum of 255 characters can be used.
m Characters such as aperiod (.), aslash (/), and a backslash (\) are not allowed.
m An extension of three or four letters is added to the filename to identify the file type.
= Filenames are not case sensitive.
The following filename extensions are commonly used:
m .doc: Microsoft Word
m _txt: ASCII text only
® jpg: Graphics format
= .ppt: Microsoft PowerPoint
m .zip: Compression format

The directory structure maintains a set of attributes for each file that controls how the file
can be viewed or altered. The most common file attributes are as follows:

m R: Thefileisread-only.
m A: Thefile will be archived the next time that the disk is backed up.
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m S Thefileis marked as a system file and a warning is given if an attempt is made to
delete or modify the file.

m H: Thefileishidden in the directory display.

You can view the filenames, extensions, and attributes by entering a DOS window (choose
Start > Run > cmd) and typing the AT TRIB command. Navigate to the folder that con-
tains the file that you are interested in. Type AT TRIB followed by the filename. Use a
wildcard such as *.* to view many files at once. The attributes of each file will appear in
the left column of the screen, as shown in Figure 5-18.

Figure 5-18 File Attributes

You can find information about the ATTRIB command at the command prompt by typing
the following:

ATTRIB/?

The Windows equivalent of the ATTRIB command can be accessed by right-clicking afile
in Windows Explorer and choosing Properties.

Note
To ensure that you can see the properties of all files in Windows Explorer, choose Tools > Options >
View and select the Show hidden files and folder s check box.

NTFS and FAT32 File System

Windows XP and Windows 2000 use FAT32 and NTFS file systems. Security is one of the
most important differences between these file systems. NTFS can support more and larger
files than FAT32 and provides more flexible security features for files and folders. Figure 5-
19 shows the file permission properties of NTFS.
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Figure 5-19 NTFS Permissions
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You can convert partitions from FAT32 to NTFS using the convert.exe utility. Doing this
will provide the extra security advantages of NTFS. To restore an NTFS partition to a
FAT32 partition, reformat the partition and restore the data from a backup.

To perform the conversion process, choose Start > Run and type cmd. At the command
prompt, type convert[driveletter]:/FS:NTFS, where the driveletter is the drive that you
want to convert from FAT or FAT32 to NTFS.

Caution
Before converting a file system, remember to back up the data.

Worksheet 5.4.9: Answer NTFS and FAT32 Questions

In this worksheet, you will answer questions about NTFS and FAT32, which are file sys-
tems used by the Windows XP operating system and provide different file system features.
Refer to the worksheet in IT Essentials: PC Hardware and Software Labs and Sudy Guide,
Third Edition (ISBN 1-58713-198-6). You can compl ete this worksheet now or wait to do
so until the end of the chapter.

Navigate a GUI (Windows)

The operating system provides a user interface that allows you to interact with the comput-
er. There are two methods that you can use to navigate the file system and run applications
within an operating system:
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m A graphical user interface (GUI) provides graphical representations (icons) of all the
files, folders, and programs on a computer, as shown in Figure 5-20. You manipul ate
these icons using a pointer that is controlled with a mouse or similar device. The
pointer allows you to move icons by dragging and dropping, and execute programs by
clicking.

= A command-line interface (CLI) is text based. You must type commands to manipulate
files and execute programs.

Figure 5-20 Operating System Navigation
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After completing the following sections, you will meet these objectives:

= Manipulate items on the desktop

Explore Control Panel applets

Explore administrative tools

Install, navigate, and uninstall an application

Describe upgrading operating systems
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Manipulate Items on the Desktop

After the operating system has been installed, the desktop can be customized to suit individ-
ual needs. A desktop on a computer is agraphical representation of a workspace. The desk-
top has icons, toolbars, and menus to manipulate files. The desktop can be customized with
images, sounds, and colors to provide a more personalized look and feel.

Desktop Properties

To customize the GUI of your desktop, right-click the desktop and choose Properties, as
shown in Figure 5-21. The Display Properties menu has five tabs. Themes, Desktop, Screen
Saver, Appearance, and Settings. Click any of these tabs to customize your display settings.

Figure 5-21 Desktop Properties
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Desktop Items

There are several items on the desktop that can be customized, such as the taskbar and
Recycle Bin. To customize any item, right-click the item and then choose Properties.

Start Menu

On the desktop, the Start menu is accessed by clicking the Start button. The Start menu, as
shown in Figure 5-22, displays al the applications installed in the computer, alist of
recently opened documents, and a listing of other elements, such as a search feature, help
center, and system settings. The Start menu can aso be customized. There are two styles of
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Start menu: XP and Classic. The XP-style Start menu will be used throughout this course
for demonstrating command sequences.

Figure 5-22 Start Menu
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To access the various drives installed in the computer, double-click the My Computer icon
that appears on the desktop. To customize certain settings, right-click My Computer and
choose Properties. Settings that can be customized include the following:

= Computer name

Hardware settings

Virtual memory

Automatic updates

Remote access
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Launching Applications
Applications can be launched in several ways:

= Clicking the application on the Start menu
= Double-clicking the application shortcut icon on the desktop
= Double-clicking the application executable file in My Computer

= | aunching the application from the Run window or command line

My Network Places

To view and configure network connections, right-click the My Network Places icon on the
desktop. In My Network Places, you can connect to or disconnect from a network drive.
Choose Properties to configure existing network connections, such as awired or wireless
LAN connection.

Lab 5.5.1: Run Commands

In this lab, you will open the same program by using both Windows Explorer and the run
command. Refer to the lab in IT Essentials: PC Hardware and Software Labs and Study
Guide, Third Edition (ISBN 1-58713-198-6). You can perform this lab now or wait until the
end of the chapter.

Explore Control Panel Applets

Windows centralizes the settings for many features that control the behavior and appearance
of the computer. These settings are categorized in Control Panel applets, or small programs,
as shown in Figure 5-23. Adding or removing programs, changing network settings, and chang-
ing the security settings are some of the configuration options available in the Control Panel.

Figure 5-23 Control Panel
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Control Panel Applets

The names of various applets in the Control Panel differ slightly depending on the version
of Windows installed. In Windows XP, the icons are grouped into categories:

m Appearance and Themes: Applets that control the look of windows:
m Display
m Taskbar and Start menu
m Folder options
m Network and Internet Connections: Applets that configure all the connection types:
= [nternet options
= Network connections

= Add or Remove Programs: An applet to add or remove programs and windows com-
ponents safely

m Sounds, Speech, and Audio Devices: Applets that control al the settings for sound:
= Sounds and audio devices
m Speech
= Portable media devices

= Performance and Maintenance: Applets to find information about your computer or
perform maintenance:

= Administrative tools
m Power options

m Scheduled tasks

= System

m Printersand Other Hardware: Applets to configure devices connected to your com-
puter:

m Game controllers

m Keyboard

= Mouse

= Phone and modem options
m Printers and faxes

m Scanners and cameras
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m User Accounts: Applets to configure options for users and their e-mail:
= E-mail
= User accounts

m Date, Time, Language, and Regional Options: Applets to change settings based on
your location and language:

= Date and time
= Regional and language options

m Accessibility Options: A wizard used to configure windows for vision, hearing, and
mobility needs

m Security Center: Applet used to configure security settings for:
= |nternet options
= Automatic updates

= Windows firewall

Display Settings

You can change the display settings by using the Display Settings applet from the Control
Panel or by right-clicking the desktop and selecting Properties. Change the appearance of
the desktop by modifying the resolution and color quality, as shown in Figure 5-24.

Figure 5-24 Display Settings
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Explore Administrative Tools

The following sections cover some of the most common administrative utilities for trou-
bleshooting, managing, and maintaining Windows XP, including

= Device Manager
m Task Manager

Event Viewer

Remote Desktop

Performance Settings

Device Manager

The Device Manager, as shown in Figure 5-25, allows you to view all the settings for
devices in the computer. A common task for technicians is to view the values assigned for
the IRQ, 1/0 address, and the DMA setting for al the devices in the computer. To view the
system resources in the Device Manager, use the following path:

Start > Control Panel > System > Hardwar e > Device Manager

Figure 5-25 Device Manager
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Task Manager

The Task Manager, as shown in Figure 5-26, allows you to view al applications that are
currently running and to close any applications that have stopped responding. The Task
Manager allows you to monitor the performance of the CPU and virtual memory, view all
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processes that are currently running, and view information about the network connections.
To view information in the Task Manager, press Ctrl-Alt-Delete and then select Task
Manager or right-click the taskbar and select Task Manager.

Figure 5-26 Task Manager
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Event Viewer

The Event Viewer, as shown in Figure 5-27, logs a history of events regarding applications,
security, and the system. These log files are a valuable troubleshooting tool. To access the
Event Viewer, choose Administrative Tools > Event Viewer from the Control Panel.

Remote Desktop

The Remote Desktop allows one computer to remotely take control of another computer (as
long as the computer being taken control of is powered on). To access the Remote Desktop,
use the following path:

Start > All Programs > Accessories > Communications > Remote Desktop Connection

Performance Settings

To enhance the performance of the operating system, you can change some of the settings
that your computer uses, such as virtual memory configuration settings, which are shown in
Figure 5-28. To change the virtual memory setting, use the following path:

Start > Control Panel > System > Advanced > Performance area > Settings button >
Advanced tab > Virtual memory section > Change
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Figure 5-27 Event Viewer
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Figure 5-28 Virtual Memory
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As atechnician, you will be responsible for adding and removing software from your cus-
tomers’ computers. Most applications use an automatic installation process when an appli-

cation CD isinserted in the optical drive. The installation process updates the Add or
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Remove Programs utility. The user is required to click through the installation wizard and
provide information when requested.

Add or Remove Programs Applet

Microsoft recommends that users always use the Add or Remove Programs utility, as shown
in Figure 5-29, when installing or removing applications. When you use the Add or Remove
Programs utility to install an application, the utility tracks installation files so that the appli-
cation can be uninstalled completely, if desired. To open the Add or Remove Programs
applet, use the following path:

Start > Control Panel > Add or Remove Programs

Figure 5-29 Windows Add or Remove Programs

O Control Panel E;Ag.ﬁ'
}H: Bt Vew Feodes Toss e &
:\_,; S R AP N

| Ackiress | O Corml Pare- v B
i T Amasinoon 0 secunty Comter
| nrddn

T e

(@ Swich i= Catngary view AP Azreny st Toon bl

i Dute and e Tasite and Saart Men
SeeAba l
@ Frdom Lpxiate

) oy ieed gk ren v szt

Add an Application

If aprogram or application is not automatically installed when the CD is inserted, you can
use the Add or Remove Programs applet to install the application, as shown in Figure 5-30.
Click the Add New Programs button and select the location where the application is locat-
ed. Windows will install the application for you.

After the application is installed, the application can be started from the Start menu or from
a shortcut icon that the application installs on the desktop. Check the application to ensure
that it is functioning properly. If there are problems with the application, make the repair or
uninstall the application. Some applications, such as Microsoft Office, provide arepair
option in the install process. You can use this function to try to correct a program that is not
working properly.
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Figure 5-30 Add an Application
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Uninstall an Application

If an application is not uninstalled properly, you might be leaving files on the hard drive and
unnecessary settings in the registry. Although this might not cause any problems, it depletes
available hard drive space, consumes system resources, and slows the speed at which the
registry is read. Figure 5-31 shows the Add or Remove Programs applet to use to uninstall
programs that you no longer need. The wizard will guide you through the software removal
process and remove every file that was installed.

Figure 5-31 Remove an Application

M

%-_[ Curvently rutaled srogaes: [ [ S—— Stbrame ]
rgear =
Remere
Pragas
”
s
Progri [ e B8 Mg Gt e
(B Asdube Dowrivad Marsge 2.0 Femave O]
@ 1) acobe Pash v § A
w Tl Adobe Resder 783 S Lo
ComDanen ) ache Grociave v
I A1 - SoPare Unatal Uity S ole
mg— @B AT Corro Pare Sm TS
Acesand |5 AT Diny Erver
L) D AT rTRANISION Sm  N5SE
% Busrwss Contact Marager for Oufisck 2003 S LN
e eer—.
i Eson vont-Te Bage. S LI
D Googe Eartn Sm o T

80 1984 12 4t it Errsrmant for Java 3, vLA3 S u.mﬂ




154 IT Essentials: PC Hardware and Software Companion Guide

4

Lab 5.5.4: Install Third-Party Software

In this lab, you will install and remove a third-party software application by using the
Microsoft Windows XP Professional Installation CD. You will install the CITRIX ICA 32-
bit Windows Client application. Refer to the lab in IT Essentials: PC Hardware and
Software Labs and Study Guide, Third Edition (ISBN 1-58713-198-6). You can perform this
lab now or wait until the end of the chapter.

Describe Upgrading an Operating System

Sometimes it can be necessary to upgrade an operating system. Before upgrading the oper-
ating system, check the minimum requirements of the new operating system to ensure that
the computer meets the minimum specifications required. Check the HCL to ensure that the
hardware is compatible with the new operating system. Back up all data before upgrading
the operating system in case there is a problem with the installation.

The process of upgrading a computer system from Windows 2000 to Windows XP is quick-
er than performing a new installation of Windows XP. The Windows XP setup utility
replaces the existing Windows 2000 files with Windows XP files during the upgrade
process. However, the existing applications and settings will be saved.

Table 5-6 shows the possible upgrades for Windows 98, NT, and 2000.

Table 5-6 Operating System Upgrades

OS to Upgrade To Windows NT To Windows 2000 To Windows XP

Windows 98 No Yes Yes
Windows NT — Yes Yes
Windows 2000 — — Yes

The steps to upgrade to the Windows X P operating system are as follows:

Step 1. Insert the Windows XP CD into the CD-ROM drive to start the upgrade process.
Choose Start > Run.

Step 2. Inthe Run box, where D isthe drive letter for the CD-ROM, type
D:\i386\winnt32 and press Enter. The Welcome to the Windows XP Setup
Wizard displays.

Step 3.  Choose Upgrade to Windows XP and click Next. The License Agreement page
displays.

Step 4. Read the license agreement and click the button to accept this agreement.
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Step 5. Click Next. The Upgrading to the Windows XP NTFS File System page dis-
plays.

Step 6.  Follow the prompts and complete the upgrade. When the install is complete, the
computer will restart.

Note

The Windows XP Setup Wizard might automatically start when the CD is inserted into the optical
drive.

Identify and Apply Common Preventive
Maintenance Techniques for Operating
Systems

Preventive maintenance for an operating system includes organizing the system, defrag-
menting the hard drive, keeping applications current, removing unused applications, and
checking the system for errors.

After completing the following sections, you will meet these objectives:
m Create a preventive maintenance plan
m Schedule a task
= Back up the hard drive

Create a Preventive Maintenance Plan

The goal of an operating system preventive maintenance plan is to avoid problemsin the
future. You should perform preventive maintenance regularly, and you should also record all
actions taken and observations made. Some preventive maintenance should take place when
it will cause the least amount of disruption to the people who use the computers. This often
means scheduling tasks at night, early in the morning, or over the weekend. There are also
tools and techniques that can automate many preventive maintenance tasks.

Preventive maintenance plans should include detailed information about the maintenance of
all computers and network equipment, with emphasis on equipment that could impact the
organization the most. Preventive maintenance includes the following important tasks:

= Updates to the operating system and applications

m Updates to antivirus and other protective software
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= Hard drive error checking
= Hard drive backup
= Hard drive defragmentation

A preventive maintenance program that is designed to fix things before they break, and to
solve small problems before they affect productivity, can provide the following benefits to
users and organizations:

m Decreased downtime

= |[mproved performance

Improved reliability
m Decreased repair costs

An additional part of preventive maintenance is documentation. A repair log will help you
to figure out which equipment is the most or least reliable. It will also provide a history of
when a computer was last fixed, how it was fixed, and what the problem was.

Schedule a Task

Some preventive maintenance consists of cleaning, inspecting, and doing minor repairs.
Some preventive maintenance uses application tools that are either already in the operating
system or can be loaded onto the user’s hard drive. Most preventive maintenance applica-
tions can be set to run automatically according to a schedule.

Windows has the following utilities that will launch tasks when you schedule them:

m The DOS AT command launches tasks at a specified time using the command-line
interface. To learn more about what the AT command can do, access the command line
(choose Start > Run > cmd) and type AT /2.

m The Windows Task Scheduler launches tasks at a specified time using a graphical user
interface. To access the Windows Task Scheduler, follow this path: Start > All
Programs > Accessories > System Tools > Scheduled Tasks.

Both of these tools allow users to set commands to run at a certain time just once, or to
repeat at selected days or times. The Windows Task Scheduler, shown in Figure 5-32, is
easier to learn and use than the AT command, especially when it comes to recurring tasks
and deleting tasks aready scheduled.
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Figure 5-32 Windows Task Scheduler
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System Utilities

There are several utilities included with DOS and Windows that help maintain system
integrity. Two system utilities that are useful tools for preventive maintenance are

m ScanDisk or CHKDSK: ScanDisk (Windows 2000) and CHKDSK (Windows XP)
check the integrity of files and folders and scan the hard disk surface for physical
errors. Consider using them at least once a month and also whenever a sudden loss of
power causes the system to shut down.

m Defrag: Asfilesincrease in size, some data is written to the next available space on the
disk. In time, data becomes fragmented, or spread all over the hard drive. It takes time
to seek each section of the data. Defrag gathers the noncontiguous data into one place,
making files run faster.

You can access both of these utilities by using this path:

Start > All Programs > Accessories > System Tools > Disk Defragmenter

Automatic Updates

If every maintenance task had to be scheduled every time it was run, repairing computers
would be much harder than it is today. Fortunately, tools such as the Scheduled Task Wizard
allow many functions to be automated. But how can you automate the update of software
that has not been written?

Operating systems and applications are constantly being updated for security purposes and
for added functionality. It isimportant that Microsoft and others provide an Automatic
Updates service, as shown in Figure 5-33. The update service can scan the system for need-
ed updates and then recommend what should be downloaded and installed. The update serv-
ice can download and install updates as soon as they are available, or it can download
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updates as required and install them when the computer is next rebooted. The Microsoft
Update Wizard is available at this path:

Start > Control Panel > System > Automatic Updates

Figure 5-33 Automatic Updates
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Windows customers offers improvements such as:

Most antivirus software contains its own update facility. It can update both its application
software and its database files automatically. This feature allows it to provide immediate
protection as new threats develop.

Restore Point

An update can sometimes cause serious problems. Perhaps an older program is in the sys-
tem that is not compatible with the current operating system. An automatic update can
install code that will work for most users but does not work with your system.

Windows System Restore, shown in Figure 5-34, is the solution for this problem. Windows
XP can create an image of current computer settings, called arestore point. Then, if the
computer crashes or an update causes system problems, the computer can roll back to a pre-
vious configuration.

A technician should always create a restore point before updating or replacing the operating
system. To restore or create a restore point, use the following path:

Start > All Programs > Accessories > System Tools > System Restore
Restore points should also be created at the following times:
= When an application isinstalled
= When adriver isinstalled
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Figure 5-34 Windows System Restore
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Note
A restore point backs up drivers, system files, and registry settings but not application data.

ERD and ASR

Windows 2000 offers the ability to create an emergency repair disk (ERD) that saves criti-
cal boot files and configuration information necessary to troubleshoot problemsin
Windows. Windows XP offers the same features with the Automated System Recovery
(ASR) wizard. Although both ERD and ASR are powerful troubleshooting tools, they
should never replace a good backup.

A recovery CD contains the essential files used to repair the system after a serious issue,
such as a hard drive crash. The recovery CD can contain the origina version of Windows,
hardware drivers, and application software. When the recovery CD is used, the computer
will be restored to the original default configuration.

Lab 5.6.2: Restore Points

In this lab, you will create a restore point and return your computer to that point in time.
Refer to thelab in IT Essentials. PC Hardware and Software Labs and Study Guide, Third
Edition (ISBN 1-58713-198-6). You can perform this lab now or wait until the end of the
chapter.
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Back Up the Hard Drive

Just as the system restore points alow the restoration of OS configuration files, backup
tools allow the recovery of data. You can use the Microsoft Backup Tool, shown in Figure
5-35, to perform backups as required. It isimportant to establish a backup strategy that
includes data recovery. The organization’'s requirements will determine how often the data
must be backed up and the type of backup to perform.

Figure 5-35 Microsoft Backup Utility
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It can take along time to run a backup. If the backup strategy is followed carefully, it will
not be necessary to back up every file at every backup. It is only necessary to make copies
of the files that have changed since the last backup. For this reason, there are several differ-
ent types of backup.

Normal Backup

A normal backup isalso called a full backup. During a normal backup, all selected files on
the disk are archived to the backup medium. These files are marked as having been
archived by clearing the archive bit.

Copy Backup

A copy backup will copy all selected files. It does not mark the files as having been
archived.

Incremental Backup

An incremental backup procedure backs up al the files and folders that have been created
or modified since either the last normal or incremental backup. It marks the files as having
been archived by clearing the archive bit. This has the effect of advancing the starting point
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of differential backups without having to rearchive the entire contents of the drive. If you
have to perform a system restore, you would have to first restore the last full backup, then
restore every incremental backup in order, and then restore any differential backups made
since the last incremental backup.

Differential Backup

A differential backup backs up all the files and folders that have been created or modified
since either the last normal backup or the last incremental backup. The differential backup
does not mark the files as having been archived. Copies will be made from the same start-

ing point until the next incremental or full backup is performed. Making differential back-

ups is important because only the last full and differential backups are needed to restore all
the data.

Daily Backup
Daily backups only back up the files that are modified on the day of the backup. Daily
backups do not modify the archive hit.

To access the daily backup utility on a Windows XP Professional system, use the following
path:

Start > All Programs > Accessories > System Tools > Backup

Backup Media
There are many types of backup media available for computers:

m Tape drives are devices that are used for data backup on a network server drive. Tapes
drives are an inexpensive way to store alot of data.

m The Digital Audio Tape (DAT) tape standard uses 4-mm digital audiotapes to store data
in the Digital Data Storage (DSS) format.

= Digital Linear Tape (DLT) technology offers high-capacity and relatively high-speed
tape backup capabilities.

m USB flash memory can hold hundreds of times the data that a floppy disk can hold.
USB flash memory devices are available in many capacities and offer better transfer
rates than tape devices.

Lab 5.6.3: Windows Registry Backup and Recovery

In this lab, you will back up a computer registry. You will also perform a recovery of a
computer registry. The registry is also called System State data. Refer tothelabin IT
Essentials: PC Hardware and Software Labs and Sudy Guide, Third Edition (ISBN 1-
58713-198-6). You can perform this lab now or wait until the end of the chapter.
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Troubleshoot Operating Systems

Most operating systems contain utilities to assist in the troubleshooting process. These utili-
ties help technicians determine why the computer crashes or does not boot properly. The
utilities also help identify the problem and indicate how to resolve it.

Follow the steps outlined in this section to accurately identify, repair, and document the
problem. Take a moment to review the troubleshooting process:

Step 1.  Gather data from the customer.

Step 2.  Verify the obvious issues.

Step 3.  Try quick solutions first.

Step 4. Gather data from the computer.

Step 5.  Evaluate the problem and implement the solution.

Step 6. Close with the customer.

After completing the following sections, you will meet these objectives:
= Review the troubleshooting process

= |dentify common problems and solutions

Review the Troubleshooting Process

Operating system problems can result from a combination of hardware, application, and
configuration issues. Computer technicians must be able to analyze the problem and deter-
mine the cause of the error to repair the operating system. This processis called trou-
bleshooting.

Step 1: Gathering Data from the Customer

The first step in the troubleshooting process is to gather data from the customer. This can be
done by asking the customer some open-ended and closed-ended questions. Table 5-7 pro-
vides a list open-ended and closed-ended questions to ask the customer about operating sys-
tem problems. (Thislist is not comprehensive.)
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Table 5-7 Operating System Problems: Open-Ended and Close-Ended Questions

to Ask
Open-Ended Questions Closed-Ended Questions
What problems are you experiencing Has anyone else used your computer recently?

with your computer or network?

What software has been installed on Does the computer boot up successfully?
your computer recently?

What were you doing when the Have you changed your password recently?
problem was identified?

What operating system do you have Have you received any error messages on your
installed on your computer? computer?
What updates or patches have been Are you currently logged in to the network?

installed on your computer?

Step 2: Verify the Obvious Issues

After you have talked to the customer, you should verify the obvious issues. Some issues
for operating systems include

Incorrect settings are in the BIOS.

Caps Lock key is set to ON.

Nonbootable mediaisin the floppy drive during computer bootup.
Password has changed.

Monitor does not have power.

Monitor settings are incorrect.

Step 3: Try Quick Solutions First

After the obvious issues have been verified, try some quick solutions. A list of possible
quick solutions for operating systems include

Press F8 during bootup to use the last known good configuration settings.
Press F8 to enter Safe Mode to troubleshoot video problems.

Uninstall an application that was recently added by using the Add or Remove Programs
utility in the Control Panel.

Roll back the system using a system restore point.

Examine the Device Manager for device conflicts.
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Run Cleanmgr to remove temporary files.

Run ScanDisk to repair problems with the hard drive.
Run Defrag to speed up the hard drive.

Reboot the computer.

Log in as adifferent user.

Step 4: Gather Data from the Computer

If quick solutions did not correct the problem, it is time to gather data from the computer.
Some different ways to gather information about the problem from the computer include

System files

Event logs

Device Manager
Configuration files

Diagnostic software

Step 5: Evaluate the Problem and Implement the Solution

At this point, you will have enough information to evaluate the problem and to research and
implement possible solutions. Resources for possible solutions include

Problem-solving experience
Other technicians

Internet search

Newsgroups

Manufacturer FAQs
Computer manuals

Device manuals

Online forums

Technical websites

Step 6: Close with the Customer

After you have solved the problem, you will close with the customer. A list of the steps
required to complete this task include the following:
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Step 1.  Discuss the solution implemented with the customer.

Step 2. Have the customer verify that the problem has been solved.

Step 3.  Provide the customer with all paperwork.

Step 4. Document the steps taken to solve the problem in the work order and the techni-

cian’sjournal.

Step 5. Document any components used in the repair.

Step 6. Document the time spent to resolve the problem.

Identify Common Problems and Solutions

Operating system problems can be attributed to hardware, application, or configuration
issues, or to some combination of the three. You will resolve some types of operating sys-
tem problems more often than others. Table 5-8 is a chart of common operating system

problems and solutions.

Table 5-8 Common Problems and Solutions

Problem Symptom

Possible Solution

The computer displays the desktop
in 16-color VGA mode after updating
the video drivers.

Use the Roll Back Driver option to remove the
new video driver.

Remove any unnecessary programs from the
Startup tab and reboot the computer.

The computer will no longer boot to
Windows and gives the “Invalid system
disk” error.

Remove any floppies and CD-ROMs from the
computer and verify that the HDD is set asa
bootable device in the BIOS setup.

The computer will not finish loading
Windows.

Boot the computer in Safe Mode and uninstall
any recently installed applications.
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Summary

This chapter introduced computer operating systems. As a technician, you should be skilled
at installing, configuring, and troubleshooting an operating system. The following concepts
from this chapter are important to remember:

m There are several different operating systems available, and you must consider the cus-
tomer’s needs and environment when choosing an operating system.

m The main steps in setting up a customer’s computer include preparing the hard drive,
installing an operating system, creating user accounts, and configuring installation
options.

= A GUI showsicons of al files, folders, and applications on the computer. A pointing
device, such as amousg, is used to navigate a GUI desktop.

m You should establish a backup strategy that allows the recovery of data. Normal, copy,
differential, incremental, and daily backups are all optional backup tools available in
Windows operating systems.

= Preventive maintenance techniques help to ensure optimal operation of the operating
system.

m Some of the tools available for troubleshooting an operating system problem include
the Windows Advanced Options menu, event logs, Device Manager, and system files.

Summary of Exercises

Thisis a summary of the labs and worksheets associated with this chapter.
Labs

The following Labs cover material from this chapter. Refer to the labs in IT Essentials: PC
Hardware and Software Labs and Sudy Guide, Third Edition (ISBN 1-58713-198-6):

Lab 5.4.2: Install Windows XP

Lab 5.4.5: Create Accounts and Check for Updates
Lab 5.5.1: Run Commands

Lab 5.5.4: Install Third-Party Software

Lab 5.6.2: Restore Points

Lab 5.6.3: Windows Registry Backup and Recovery
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)/  Worksheets

The following worksheets cover material from this chapter. Refer to the labsin IT
Essentials: PC Hardware and Software Labs and Sudy Guide, Third Edition (ISBN 1-
58713-198-6):

Worksheet 5.2.2: NOS Certifications and Jobs

Worksheet 5.3.2: Upgrade Hardware Components

Worksheet 5.4.9: Answer NTFS and FAT32 Questions

Check Your Understanding

You can find the answers to these questions in the appendix, “Answers to Check Your
Understanding Questions.”

1. Which open-source operating system is available on multiple hardware platforms?

a Linux

b. Mac OS X

¢. Windows 2000
d. Windows XP

2. Which registry file contains information about the hardware and software in the com-
puter system?
a HKEY_CLASSES ROOT
b. HKEY_CURRENT_USER
c. HKEY_LOCAL_MACHINE
d. HKEY_USERS

3. How can the command line be accessed in Windows XP?

a Start > Run > Prompt

Start > Run > cmd

Start > Control Panel > Prompt

Start > All programs > Accessories > Terminal

® 2 0o T

Start > Run > Terminal
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4. Which file system is recommended for Windows XP for large file support and
enhanced security?
a DirectX

DOS

FAT32

HPFS

NTFS

® 2 0 T

5. What is the purpose of the Microsoft Hardware Compatibility List?

a. It listsal the hardware that runs Microsoft Office software.

b. It lists the Microsoft software that runs on the listed hardware.

c. It lists hardware that is supported by a Microsoft operating system.
d. It lists hardware that works together.

6. What should be done before upgrading from Windows 2000 to Windows XP?

a. Back up all the datafiles.

b. Update al the device drivers.

c. Detach all the peripheral devices.

d. Download a legitimate X P authentication key.

7. Which key or key sequence will enable a user to start Windows XP in Safe Mode?

Alt+B

Alt+X

Alt+Z

F1

F8

The Windows key

-~ o 2 0 T o

8. What is agood example of an open-ended question that a technician can ask the user to
learn more about conditions before the failure?
a. What software has been installed recently on the computer?
b. Does the computer boot into the operating system?
c. Arethere any beeps when the computer boots?
d. Has anybody else used the computer recently?
e. How many users were logged on to the network when the failure occurred?
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9. What is a common cause of the error message “Invalid system disk”?

a. The Delete key was pressed during the system boot.

b. Thereis anonbootable floppy disk or CD in the drive.

c. Thereisno floppy disk or CD in the drive.

d. The BIOS has been changed to boot from the hard drive first.






CHAPTER 6

Fundamental Laptops and Portable Devices

Objectives

Upon completion of this chapter, you will able to answer the following questions:

= What are laptops and other portable devices?

and desktop components?

Key Terms

What are the components of a laptop?

How would you compare and contrast laptop

What are different ways to configure laptops?

m What are the different mobile phone standards?

= What are some common preventive maintenance
techniques used for laptops and portable
devices?

= What are some ways to troubleshoot laptops and
portable devices?

This chapter uses the following key terms. You can find the definitions in the Glossary.

personal digital assistant (PDA) page xx
smartphone page xx

battery page xx

stylus  page xx

audio page xx

battery bay page xx

AC power connector  page xx
parallel port page xx
security keyhole  page xx
USB page xx

Svideo connector  page xx
modem  page xx

Ethernet page xx

network LEDs page xx

stereo headphone jack  page xx
microphone jack page xx

ventilation page xx

PC combo expansion slot  page xx
infrared port  page xx

speakers page Xx

laptop latch  page xx

optical drive page xx

optical drive status indicator page xx
drive bay statusindicator page xx
Video Graphics Array (VGA) port  page xx
hard drive access panel  page xx
battery latch  page xx

docking station connector  page xx

continues
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continued

RAM access panel  page xx
input device page xx

volume control  page xx

power button page xx

keyboard page xx

pointer controller  page xx
fingerprint reader page xx
touchpad mouse page xx
wireless LED page xx

Bluetooth LED  page xx

Num Lock LED  page xx

Caps Lock LED page xx

hard drive activity LED  page xx
power on LED page xx

battery status LED page xx
hibernate/standby LED  page xx
function key page xx

base station page xx

docking station page xx

port replicator  page xx

gject button page xx

laptop connector  page xx
exhaust vent  page xx

PC Card/ExpressCard slot  page xx
Digital Visual Interface (DVI) port page xx
Line In connector  page xx

headphone connector  page xx

USB port  page xx

mouse port  page Xxx

keyboard port page xx

external diskette drive connector  page Xx
serial port page xx

modem port  page xx

Ethernet port page xx

key lock page xx

formfactor page xx

CPU throttling page xx

power management page xx

Advanced Power Management (APM)  page xx

Advanced Configuration and Power Interface (ACPI)
page xx

power options  page xx
standby page xx

hibernate page xx

low battery alarm  page xx
critical battery alarm  page xx
hot-swappable page xx

Small Outline Dual In-line Memory Module
(SODIMM)  page xx

analog page xx

digital signals page xx

Short Message Service (SMS)  page xx
Multimedia Message Service page xx
packet switching page xx

optimal operating environment  page xx
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One of the original laptops was the GRiD Compass 1101. Astronauts used it during space
missions in the early 1980s. It weighed 11 Ib. (5 kg) and cost $8,000-$10,000! L aptops
today often weigh less than one-half the weight and cost less than one-third the price of the
GRIiD Compass 1101. The compact design, convenience, and evolving technology of |ap-
tops have made them as popular as desktops.

Laptops, personal digital assistants (PDA), and smartphones are becoming more popul ar
astheir prices decrease and technology continues to progress. As a computer technician,
you need to have knowledge of portable devices of al kinds. This chapter focuses on the
differences between laptops and desktops and describes the features of PDAs and smart-
phones.

Describe Laptops and Other Portable Devices

Early laptops were heavy and expensive. Today, laptops are very popular because advances
in technology have resulted in laptops that cost less, weigh less, and have improved capabil-
ities. Many laptops can be configured with an additional video port, a FireWire port, an
infrared port, or an integrated camera.

Note

Notebooks, laptops, and tablets are types of portable computers. For clarity and consistency in IT
Essentials I, all portable computers will be called laptops.

PDAs and smartphones are examples of portable, handheld devices that are becoming more
popular. PDAs offer features such as games, web surfing, e-mail, instant messaging, and
many other features offered by PCs. Smartphones are cell phones with many built-in PDA
capabilities. PDAs and smartphones can run some of the same software as | aptops.

After completing the following sections, you will meet these objectives:
= |dentify some common uses of laptops

m |dentify some common uses of PDAS and smartphones

Identify Common Uses of Laptops

The most significant feature of alaptop is the compact size. The design of the laptop places
the keyboard, screen, and internal components into a small, portable case.

Another popular feature of the laptop is that it can be used almost anywhere. A recharge-
able battery allows the laptop to function when it is disconnected from an AC power source.

The first laptops were used primarily by businesspeople who needed to access and enter
data when they were away from the office. The use of |aptops was limited because of
expense, weight, and limited capabilities compared to less expensive desktops.
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Today laptops have lower prices and increased capabilities. A laptop isnow areal alterna-
tive to a desktop computer.

Common uses for the laptop include the following:
m Taking notes in school or researching papers

m Presenting information in business meetings

Accessing data away from home or the office

= Playing games or watching movies while traveling

Accessing the Internet in a public place

Sending and receiving e-mail in a public place

Identify Common Uses of PDAs and Smartphones

The concept of the PDA has existed since the 1970s. The earliest models were computer-
ized personal organizers designed to have a touch screen and a stylus. Today, some models
have both a touch screen and a keyboard and use an operating system that is similar to
operating systems used on desktop computers.

The PDA is an electronic personal organizer with the following tools:
= Address book
m Calculator

Alarm clock

Internet access

= E-mail

Global positioning

The smartphone is a mobile phone with PDA capabilities. Smartphones combine cell phone
and computer functions in a single, handheld device. The technology of the PDA and the
technology of the smartphone continue to merge.

Smartphones can include these additional options:
= Built-in camera
= Document access

E-mail

Abbreviated note taking

Television
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Smartphone connectivity and PDA connectivity include Bluetooth and regular Universal
Serial Bus (USB) cable connections.

Worksheet 6.1.2: Research Laptops, Smartphones, and PDAs

Research laptop, smartphone, and PDA specifications. Refer to the worksheet in IT
Essentials: PC Hardware and Software Labs and Sudy Guide, Third Edition (ISBN 1-
58713-198-6). You can perform this worksheet now or wait until the end of the chapter.

Identify and Describe the Components of a
Laptop
Common laptop features include the following:

m They are small and portable.

= They have an integrated display screen in thelid.

= They have an integrated keyboard in the base.

= They run on AC power or arechargeable battery.

= They support hot-swappable drives and peripherals.

= Most laptops can use docking stations and port replicators to connect peripherals.

In the following sections, you look closely at the components of a laptop. You also examine
a docking station. Remember, laptops and docking stations come in many models.
Components can be located in different places on different models.

After completing these sections, you will meet these objectives:
m Describe the components found on the outside of the laptop
m Describe the components found on the inside of the laptop

m Describe the components found on the laptop docking station

Describe the Components Found on the Outside of the
Laptop
Laptop and desktop computers use the same types of ports so that peripherals can be inter-

changeable. These ports are specifically designed for connecting peripherals and providing
network connectivity and audio access.

Ports, connections, and drives are located on the front, back, and sides of the laptop because
of the compact design. Laptops contain PC Card or ExpressCard slots to add functionality
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such as more memory, a modem, or a network connection. You learn more about PC Card
and ExpressCard slots in the section “Compare and Contrast Laptop and Desktop
Expansion Capabilities,” later in this chapter.

Laptops require a port for external power. Laptops can operate using either a battery or an
AC power adapter. This port can be used to power the computer or to charge the battery.

The exterior of the laptop also has status indicators (also called light-emitting diode [LED]
displays), ports, slots, connectors, bays, jacks, vents, and a keyhole.

Note

Exterior components and LED displays vary among different laptops. Technicians should consult the
laptop manual for alist of specific components and status displays.

The top of the typical laptop has the following three LEDs, as shown in Figure 6-1:
= Bluetooth or Wi-Fi
= Battery
= Standby

Figure 6-1 Laptop: Top View

Battery
Bluetooth or Wi-Fi | Standby

The back of some laptops has the following three components, as shown in Figure 6-2:
m Battery bay
m AC power connector

m Parallel port
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Figure 6-2

Laptop: Rear View

AC Power Connector

Battery Bay

Parallel Port

A laptop operates using a battery or an AC power adapter. Laptop batteries are manufac-
tured in various shapes and sizes. They use different types of chemicals and metals to store
power.

Table 6-1 compares rechargeable batteries typically used in laptops.

Table 6-1 Laptop Battery Comparison
Type of Battery Characteristics Common Use Disposal
Lithium-ion (Li-ion) Lightweight for power,  Cell phones, Check local rules,
no memory effect, can  laptops contents
easily overheat and flammable
sometimes explode.
Keep cool, charge
often, seek freshest
batteries (most recently
manufactured).
Lithium-polymer Costly, small, PDAs, laptop Check local rules
(Li-Poly or LiPo) lightweight for power, computers,
moderate capacity, portable MP3

fast recharge, moderate
life span, do not short-
circuit, can explode but
are not flammable.

players, portable
gaming devices,

radio controlled

airplanes

The left side of the laptop, shown in Figure 6-3, has the following ten components:

Security keyhole

USB port

S-video connector

Modem
Ethernet port
Network LEDs
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m Stereo headphone jack
m Microphone jack
= Ventilation

m PC combo expansion slot

Figure 6-3  Laptop: Left-Side View

Security Keyhole  Headphone Jack
Security Keyhole |Ethernet Port Ventilation

USB Ports Network LEDs Expansion Slot
RJ-11 Modem Port  Microphone Jack

The front of the laptop, shown in Figure 6-4, has the following components:

Infrared port
Speakers

Laptop latch

Ventilation

Figure 6-4  Laptop: Front View

Infared Port Laptop Latch

Speakers Ventilation

The right side of the laptop, shown in Figure 6-5, contains four components:
m Optical drive
m Optical drive status indicator
= Drive bay status indicator

m Video GraphicsArray (VGA) port
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Figure 6-5 Laptop: Right-Side View

Optical Drive Indicator

Optical Drive VGA Port
Status Indicator

The bottom of the laptop, shown in Figure 6-6, has the following components:
m Hard drive access panel
m Battery latches
m Docking station connector

m RAM access panel

Figure 6-6 Laptop: Bottom View

Docking Station Connector
Battery Latch Battery Latch

RAM Access Panel

b=

Hard Drive
Access Panel

Virtual Laptop Activity: Explore Laptop

Explore the different views of the Virtual Laptop. Refer to the Virtual Laptop software on
the CD that accompanies this book.

Describe the Components Found on the Inside of the
Laptop
Laptops have a“clamshell” design. Typically, the laptop is closed when not in use. By

opening the lid of the laptop, you can access a variety of input devices, LEDs, and a display
screen.
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There are several input devices available when the laptop lid is open, as shown in Figure 6-7:
= Volume controls
= Power button
m Keyboard
m Pointer controller
m Fingerprint reader

m Touchpad mouse

Figure 6-7  Open Laptop

Power Button
Volume Controls Keyboard

Point Controller

Fingerprint reader

Touchpad

A laptop receives and interprets datain many ways. As aresult, the laptop is able to per-
form avariety of functions.

At the bottom of the screen in Figure 6-8, arow of LEDs shows the status of specific func-
tions:

m Wireless

m Bluetooth

= Num Lock

m Caps Lock

m Hard drive activity
= Power on

m Battery status

m Hibernate/standby
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Figure 6-8 Laptop Status LEDs

Caps Lock
Bluetooth Power On

Wireless Hibernate/Standby

Num Lock Battery Status
Hard Drive Activity

Note
Indicators can vary by laptop.

A laptop monitor is a built-in liquid crystal display (LCD). It is similar to a desktop LCD
monitor, except that the resolution, brightness, and contrast settings can be adjusted using

software or button controls. The laptop monitor cannot be adjusted for height and distance

because it is integrated into the lid of the case.

A desktop monitor can be connected to alaptop. Using the function key, you can toggle the

screen from the laptop to the desktop monitor or view both at the same time. These key
combinations vary from laptop to laptop. Refer to the user manual for directions.

Virtual Laptop Activity: Keyboard

Explore the Virtual Laptop keyboard. Refer to the Virtual Laptop software on the CD that

accompanies this book.

Describe the Components Found on the Laptop
Docking Station

A base station is a device that attaches to AC power and to desktop peripherals. When you
plug the laptop into the base station, you have convenient access to power and the attached

peripherals.

There are two types of base stations: docking stations and port replicators. Docking sta-

tions and port replicators are used for the same purpose. Port replicators are usually smaller

than docking stations and do not have speakers or Personal Computer Memory Card
International Association (PCMCIA) dlots.
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The following are three typical areas on top of the docking station, as shown in Figure 6-9:

Figure 6-9

Power button
Eject button

Laptop connector

Docking Station Top View

Power Button
Eject Button

Laptop Connector

Some docking stations include drive bays and ports to provide additional functionality. The
back of the docking station contains ports and connectors used to attach to desktop periph-

erals such as a mouse, a monitor, or a printer. A vent is also necessary to expel hot air from
the docking station.

The following components are typically located on the back of the docking station, as
shown in Figure 6-10:

Exhaust vent

AC power connector

PC Card/ExpressCard slot

VGA port

Digital Visual Interface (DVI) port
Line In connector

Headphone connector

USB port

Mouse port

Keyboard port

External diskette drive connector
Parallel port



Chapter 6: Fundamental Laptops and Portable Devices 13
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m Serial port
= Modem port
m Ethernet port

Figure 6-10 Docking Station Rear View

DVI Port
PC Card/ExpressCard Slot Line In
AC Power Connector VGA Port | Connector USB Ports

P S O —
Dy o
Lo Keyboard Port
G e e 0 0 Mouse Port

Exhaust Vent

Ethernet Port Serial Port External Diskette
RJ-11 Port Drive Connector
Parallel Port

Secure the laptop to the docking station with a key lock, as shown in Figure 6-11.

Figure 6-11 Docking Station Key Lock

Docking Station Key Lock

Worksheet 6.2.3: Complete Docking Stations True or False Questions

Answer true or false statements about docking stations. Refer to the worksheet in IT
Essentials: PC Hardware and Software Labs and Sudy Guide, Third Edition (ISBN 1-
58713-198-6). You can perform this worksheet now or wait until the end of the chapter.

Virtual Laptop Activity: Docking Station

Explore the different views of the docking station in the Virtual Laptop. Refer to the Virtual
L aptop software on the CD that accompanies this book.
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Compare and Contrast Desktop and Laptop
Components

Most of the functions that a desktop can perform can also be performed by a laptop.
However, these two kinds of computers are built very differently and the parts are not inter-
changeable. As an example, a airplane and a helicopter can each travel to the same destina-
tion, but they cannot be repaired with the same spare parts. Thisis aso true for laptops and
desktops. Few components can be shared between desktops and laptops.

Desktop components tend to be standardized. They usually meet universal form factors,
meaning that desktops made by different manufacturers can often use the same components.
A common desktop form factor is Advanced Technology Extended (ATX). When purchas-
ing upgrade parts for this form factor, you will look for ATX motherboards and ATX power
supplies. This standard should guarantee that the motherboard and power supply will work
inthe ATX case. A DVD/CD-RW drive is another example of a desktop component that has
a standard form factor.

Laptop components are much more specialized than desktop components. This is because
laptop manufacturers focus on refining laptop components to make them more efficient and
compact. As aresult, manufacturers design laptop components to follow their own specific
form factors. Laptop components are proprietary, so you might not be able to use compo-
nents made by one laptop manufacturer to repair a laptop made by another manufacturer.

Note
Technicians might have to obtain certification for each laptop manufacturer they support.

After completing the following sections, you will meet these objectives:
m Compare and contrast desktop and laptop motherboards
m Compare and contrast desktop and laptop processors
= Compare and contrast desktop and laptop power management

= Compare and contrast desktop and laptop expansion capabilities

Compare and Contrast Desktop and Laptop
Motherboards

Desktop motherboards have standard form factors. The standard size and shape allow moth-
erboards from different manufacturers to be interchangeable.

Laptop motherboards vary by manufacturer and are proprietary. When you repair a laptop,
it is strongly recommended that you obtain a replacement motherboard from the manufac-
turer of the laptop. Figure 6-12 shows a desktop motherboard and a laptop motherboard.
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Figure 6-12 Laptop Motherboard and Desktop Motherboard

Laptop Motherboard

Desktop Motherboard

Laptop motherboards and desktop motherboards are designed differently. Components
designed for a laptop generally cannot be used in a desktop.

Compare and Contrast Desktop and Laptop
Processors

The central processing unit (CPU), or processor, is the brain of the computer. The CPU
interprets and processes instructions that are used to manipulate data.

Laptop processors are designed to use less power and create less heat than desktop proces-
sors. As aresult, laptop processors do not require cooling devices that are as large as those
found in desktops. Laptop processors also use CPU throttling to modify the clock speed as
needed to reduce power consumption and heat. This results in a slight decrease in perform-
ance. It also increases the life span of some components. These specially designed proces-
sors alow alaptop to operate for alonger period of time when using a battery power
source.

Note

Technicians should refer to the laptop manual for processors that can be used as replacement proces-
sors and for processor replacement instructions.

Compare and Contrast Desktop and Laptop Power
Management

Power management controls the flow of electricity to the components of a computer.

Desktops are usually set up in alocation where they remain plugged into a power source.
Desktop power management distributes electricity from the source to the components of the
desktop. There is also a small battery in the desktop that provides electricity to maintain the
internal clock and BIOS settings when the desktop is powered off.
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Laptops are small and portable. This portability feature is achieved by combining the small
size and weight of alaptop with the ability to operate from a battery. When the laptop is
plugged in, laptop power management sends electricity from the AC power source to the
laptop components. The laptop power management also recharges the battery. When the
laptop is unplugged, laptop power management takes electricity from the battery and sends
it to the laptop components.

There are two methods of power management:

m Advanced Power Management (APM): APM is an earlier version of power manage-
ment. With APM, the BIOS was used to control the settings for power management.

m Advanced Configuration and Power Interface (ACPI): ACPI has replaced APM. ACPI
offers additional power management features. With ACPI, the operating system con-
trols power management.

You learn more about APM and ACPI in the section “ Describe How to Configure Power
Settings,” later in this chapter.

Compare and Contrast Desktop and Laptop Expansion
Capabilities

Expansion capabilities add functionality to a computer. Many expansion devices can be
used with both laptops and desktops:

m External drives
= Modems

Network cards

Wireless adapters

= Printers

Other peripherals

Expansion devices are attached to laptops and desktops differently. A desktop attaches these
devices with USB ports and parallel ports. A laptop attaches these devices with USB ports,
parallel ports, and PC Cards.

The standardized use of USB and FireWire ports makes it possible to connect many types
of external components to laptops, docking stations, port replicators, and desktops. The
USB and FireWire standards make it possible to connect and remove external components
without the need to power off the system. USB and FireWire ports are used to connect a
range of external components:

m Printers

m Scanners
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Floppy disk drives
Mice

Cameras
Keyboards

Hard drives

Flash drives
Optical drives
MP3 players

Laptops and desktops have similar expansion capabilities. The difference in form factor
between the computers determines which type of expansion device is used. Desktops have
internal bays that support 5.25-inch and 3.5-inch drives. Additionally, there is space to
install other permanent expansion drives. Laptops have limited space, so the expansion bays
on laptops are designed to allow different types of drives to fit into the same bay. Drives are
hot swappable and are inserted or removed as needed.

Table 6-2 shows a comparison of desktop and laptop expansion components.

Table 6-2 Laptop and Desktop Expansion Components
Laptops Desktops

External External
Ports Ports
(USB, (USB,
Parallel, Parallel,
Video, Video,
FireWire, Adapter FireWire,

Component PC Card Integrated Serial) Integrated Card Serial)

External X X

monitor

Printer X X

Keyboard X X

Mouse X X

External X X

drives

Ethernet X X X X X

NIC

continues
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Table 6-2 Laptop and Desktop Expansion Components  continued

Laptops Desktops

External External
Ports Ports
(USB, (USB,
Parallel, Parallel,
Video, Video,
FireWire, Adapter FireWire,

Component PC Card Integrated Serial) Integrated Card Serial)

Wireless X X X X X X

NIC

CD/DVD X X

drives

Drive X X X

controllers

Laptops use the PC Card slot to add functionality. The PC Card slot uses an open standard
interface to connect to peripheral devices using the CardBus standard. Examples of devices
that connect using PC Cards include the following:

= Memory

= Modems

= Hard drives

= Network cards

PC Cards follow the PCMCIA standard. They come in three types: Type |, Type I, and
Type I11. Each type of PC Card is different in size and can attach to different devices. A
newer type of PC Card is called the PC ExpressCard.

Table 6-3 shows a comparison of PC Cards.

Table 6-3 PC Card Specifications

PC Bus Size (mm) Thickness (mm) Interface Examples

Typel 85.6x54 33 Memory, /O, SRAM flash
CardBus

Typell 85.6x54 55 Memory, 1/O, Modem LAN wireless
CardBus

Typelll 856x54 105 Memory, /O, Hard drive

CardBus
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Table 6-4 compares PC ExpressCards.

Table 6-4 PC ExpressCard Specifications

Express Bus Size (mm) Thickness (mm) Interface Examples

Express Card/34 75 x 34 5 PCl Express  FireWire, TV tuner,
or USB 2.0 wireless NIC

Express Card/54 75 x 54 5 PCl Express  Smart Card reader,
or USB 2.0 Compact Flash reader,
1.8-inch disk drive

The PC ExpressCard has 34-pin and 54-pin configurations. Figure 6-13 shows an example
of a PC Card and PC ExpressCards.

Figure 6-13 Laptop Expansion Cards

75 mm
75 mm

| &——— 85.6 mm ———>|

| —54 mm —>| | e—54 mm—>| | <54 mm>|

PC-Card PC ExpressCard/54 PC ExpressCard/34

Worksheet 6.3.4: Answer Laptop Expansion Questions

Fill in the table and short answer questions on laptop expansion specifications. Refer to the
worksheet in IT Essentials. PC Hardware and Software Labs and Sudy Guide, Third
Edition (ISBN 1-58713-198-6). You can perform this worksheet now or wait until the end of
the chapter.

Explain How to Configure Laptops

To allow applications and processes to run smoothly, you might need to configure and allo-
cate system resources, install additional components and plug-ins, or change environmental
settings to match software requirements. Adding external components is usually accom-
plished through the use of Plug and Play, but occasionally driver installation and additional
configuration might be required. Proper configuration of the power settings will help you
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get the maximum performance from a laptop, such as increasing the length of time the lap-
top can be used on battery power.

With laptops, you might need to exchange components occasionally to accomplish different
tasks and respond to changing situations. You can customize a laptop for specific purposes
by adding external components. For example, you can install a second hard drive in alaptop
to provide additional storage capacity. Components need to be carefully inserted or connect-
ed to bays, connectors, and proprietary expansion areas to avoid damage to the equipment.
It isimportant to follow safe removal procedures when disconnecting hot-swappable and
non-hot-swappable devices.

After completing the following sections, you will meet these objectives:
m Describe how to configure power settings

m Describe the safe installation and removal of laptop components

Describe How to Configure Power Settings

One of the most popular features of alaptop is the ability to operate using batteries. This
feature allows laptops to operate in locations where AC power is not available or is incon-
venient. Advances in power management and battery technology are increasing the time
laptop users can remain disconnected from AC power. Current batteries can last from 2 to
10 hours without recharging. Managing the power by configuring the power settings on a
laptop is important to ensure that the battery charge is used efficiently.

The Advanced Configuration and Power Interface (ACPI) standards create a bridge between
the hardware and OS and allow technicians to create power management schemes to get the
best performance from the computer. The ACPI standards can be applicable to most com-
puters, but they are particularly important when managing power in laptops. Table 6-5
shows information about each power state.

Table 6-5 Power Management States

ACPI Standard Power Management State

SO The computer is on and the CPU is running.

S1 The CPU is not running. However, the CPU and RAM are still receiving
power.

2 The CPU is off, but the RAM is refreshed. The system isin alower

power mode than S1.

S3 The CPU is off, and the RAM is set to slow refresh rate. This mode is
often called “Save to RAM.” In Windows XP, this state is known as the
Standby mode.
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ACPI Standard Power Management State

A The CPU and RAM are off. The contents of RAM have been saved to a
temporary file on the hard disk. This mode is also called “ Saved to
Disk.” In Windows XP, this state is known as the Hibernate mode.

S5 The computer is off and nothing has been saved.

Technicians frequently are required to configure power settings by changing the settings
found in BIOS. Configuring power settings in BIOS affects the following conditions:

= System states
m Battery and AC modes

Thermal management
m CPU PCI bus power management
Figure 6-14 shows an example of power settings in BIOS.

Figure 6-14 BIOS Settings

BIOS SETUP UTILITY

Power Hanagenent APH [Disabled]

Note

When working in Windows XP, the ACPI power management mode must be enabled in BIOS to
allow the OS to configure all the power management states. There is no standard name for each
power management state. Manufacturers can use different names for the same state.
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Here are the steps to check the ACPI settings in the BIOS:

Step 1.  Enter BIOS setup by pressing the appropriate key or key combination while the
\ computer is booting. Typically thisis the Delete key or the F2 key, but there are

several other options.

Step 2. Locate and enter the Power Management Settings menu item.
Step 3. Use the appropriate keys to enable ACPI mode.
Step 4. Save and exit BIOS setup.

Note

These steps are common to most laptops and should be used only as a guideline. Be sure to check
your laptop manual for specific configuration settings.

The power options in Windows XP allow you to reduce the power consumption of a num-
ber of devices or of the entire system. Power options allow you to control the power man-
agement features of the following:

= Hard drive
m Display
= Shut Down, Hibernate, and Standby modes

= | ow-battery warnings

Configuring Power Settings in Windows XP

You can adjust power management by using Power Options windows in the Control Panel.
The Power Options in the Control Panel display the only options that can be controlled.

Note

Power Options will automatically detect devices that might be unique to your computer. Therefore,
the Power Options windows can vary by the hardware that is detected.

To configure your power settings, choose Start > Control Panel > Power Options.

Configuring Power Schemes

Power schemes are a collection of settings that manage the power usage of the computer.
Both the hard drive and the display consume large amounts of power. They can be config-
ured on the Power Schemes tab.

When you open Power Options, you will notice that Windows XP has preset power
schemes. These are the default settings and were created when Windows XP was installed.
You can use the default power schemes or create customized schemes that are based on spe-
cific work requirements. Figure 6-15 shows the default power scheme set for a laptop.
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Figure 6-15 Power Options Properties

Power Options Properties
Advanced Hibemate | B Pewes Manager
Power Schemes Alarms | Povies Meter
e Select the power scheme with the most appropriate settings for

thiz computae. Note that changing the settings below will modily
the selected scheme,

Settngs lor PortableLaplop powes scheme
“when compuler is: -ll'% Pluggedin E Rumning on
Tum off moritor: After 10 mirs V| |‘M=“l-ﬂm: .V|

Tunofthard dsks:  [Aler30mne  v| [AleiSmne v

Systemstandby: | Never v| [Never v
i R

Customizing the Display and Hard Drive Power Settings

You can customize the display and hard drive power settings depending on your require-
ments and save the power scheme with a customized name. For example, a student uses a
laptop for research on the Internet but does not create or save files often. In this scenario,

the student needs access to the display, but rarely accesses the hard drive. The student cus-

tomizes the settings as shown in Figure 6-16 and saves the settings as Research.

Figure 6-16 Power Scheme: Research Settings

Power Options Properties

Advanced Hibemate | B Powes Manager
Power Schemes Alaims Powes Meter

Select the powsr scheme wih the most appropriste settings for
this computae. Note that changing the settings below will modily

the selected scheme.
Fower schemes
st e

Settngs lor PortableLaplop power scheme
When compuler is: T'!'%F‘Iu.lggur.‘i'r\ E Runining on

Tundimonior  never v/ [never |

Tum off hard disks:  AFter 1 hour v |A&913mns v|

System standby:  Never v| [Aerismns ]

i o Nam vi Imtuzm,, v|
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Power Management for the Hard Drive

One of the biggest power consumers on a laptop is the hard drive. In this scenario, the hard
drive is not accessed often. The Turn off hard diskstimeis set for 1 hour when the laptop
is plugged in and 3 minutes when the laptop is running on batteries.

The student decides that the default settings for the Standby and Hibernate modes are
acceptable and no changes are made.

Setting the Laptop to the Standby or Hibernate Sleep State
If you do not want to completely shut down the laptop, you have two options:

m Standby: Documents and applications are saved in RAM, allowing the computer to
power on quickly.

= Hibernate: Documents and applications are saved to a temporary file on the hard drive,
and it will take a little longer than Standby to power on.

Figure 6-17 shows Hibernate enabled in the Power Options properties.

Figure 6-17 Hibernate Options

Power Options Properlies iz ri
PoneSchanes__ _ Adarms | Poveer Metat ‘
_ Advanced | Hbemae B PowerMonsger |

When your computer hibemates, it stores whatever it has in
memony on your hard disk and then shuts down. ‘When your
computer comes out of hibemation, it retums toits previous state.

Hibemate
Enable hibetnation

Disk space for hibemation
Free disk space: 46,479 MB
Disk space 1equired o hibemate: 1.023MB

Adjusting Low Battery Warnings

In Windows XP, you can set the low battery warnings. There are two levels: Low Battery
Alarm and Critical Battery Alarm. The low battery alarm will warn you that the battery is
low. The critical battery alarm will initiate a forced standby, hibernate, or shutdown, as
shown in Figure 6-18.



Chapter 6: Fundamental Laptops and Portable Devices 25

Figure 6-18 Critical Battery Alarm Actions

Power Options Properties s
Power Schemes ] Alarms | Power Meter
Low battery alatm
[Z] Activate low battery alam when power level reaches: 0%
o —{) — 100%

e
Action: No action
Fiun Program: Heone

Criical battery alam
[¥] Activate critical battery slarm when powes level ieaches: x
ox ) - 100%
N T
Action: Shut down
AunProgram:~ None

[111]
A

/  Worksheet 6.4.1: Match ACPI Standards
Match the ACPI standard to the correct characteristic. Refer to the worksheet in I T

Essentials: PC Hardware and Software Labs and Sudy Guide, Third Edition (ISBN 1-
58713-198-6). You can perform this worksheet now or wait until the end of the chapter.

Describe the Safe Installation and Removal of Laptop
Components

There are a number of components on a laptop that might need to be replaced. Remember
always to make sure that you have the correct replacement component and tools as recom-
mended by the manufacturer. Some components are hot-swappable, which means that you
can remove and replace them while the computer is on. Some components that you might

need to replace include the following:

= Battery

m Optical drive
= Hard drive
= Memory

PC cards
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Caution

Each laptop manufacturer uses unique hardware installation and removal procedures. Check the lap-
top manual for specific installation information, and follow safety installation and electrostatic dis-
charge (ESD) precautions.

Always disconnect power and remove the battery before installing or removing laptop components
that are not hot-swappable. On some laptops, the PC Card, optical drive, and USB devices are hot
swappable. However, the internal hard drive, RAM, and battery are not hot swappable.

To replace the battery, follow these steps:

Step 1. Move the battery lock to the unlocked position.

Step 2. Hold the release lever in the unlock position and remove the battery.

Step 3.  Insert the replacement battery into the battery bay.

Step 4. Make sure that both battery levers are locked.

To replace the optical drive, follow these steps:

Step 1.  Pressthe button to open the drive and remove any media in the drive. Close the
tray.

Step 2. Slide the latch to release the lever that secures the drive.

Step 3.  Pull on the lever to expose the drive. Remove the drive.

Step 4. Insert the replacement drive securely.

Step 5. Push the lever inward.

To replace the hard drive, follow these steps:

Step 1.  On the bottom of the laptop, remove the screw that holds the hard drive in place.

Step 2.  Slide the assembly outward and remove it.

Step 3. Remove the hard drive face plate from the hard drive.

Step 4. Attach the hard drive face plate to the replacement hard drive.

Step 5. Slide the hard drive into the hard drive bay.

Step 6.  On the bottom of the laptop, install the screw that holds the hard drive in place.

Follow these steps to remove the existing expansion memory, also called Small Outline
Dual In-line Memory Module (SODIMM), if there are no available dlots for the new
SODIMM:

Step 1. Remove the screw to expose the SODIMM.
Step 2.  Press outward on the clips that hold the sides of the SODIMM.
Step 3.  Lift to loosen the SODIMM from the slot and remove the SODIMM.
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Step 4. Install the replacement SODIMM by aligning the notch at a 45-degree angle.
Step 5. Gently press down until the clips lock.

Step 6. Replace the cover and install the screw.

To replace the PC card, follow these steps:

Step 1.  Pressthe top gect button to release the PC expansion card.

Note
There are two buttons. The bottom blue button ejects the Type |1 PC card.

Step 2.  Press the blue button inward.
Step 3. Insert the replacement PC expansion card into the express slot.
To remove hot-swappable devices, follow these steps:

Step 1.  Click the Safely Remove Har dwar e icon in the Windows system tray to ensure
that the deviceis not in use.

Step 2.  Click the device you want to remove. A message pops up to tell you that it is
safe to remove the device.

Step 3. Remove the hot-swappable device from the laptop.

Virtual Laptop Activity: Components and Devices

Replace components and devices in the Virtual Laptop. Refer to the Virtual Laptop software
on the CD that accompanies this book.

Compare the Different Mobile Phone Standards

When people began to use cell phones, there were few industry-wide standards applying to
cell phone technology. Without standards, it was difficult and expensive to make calls to
people that were on another network. Today, cell phone providers use industry standards,
which make it easier to use cell phones to make calls.

When the industry started, most cell phone standards were analog. Today, cell phone stan-
dards are mostly digital.

Note

Cell phone standards have not been adopted uniformly around the world. Some cell phones are capa-
ble of using multiple standards while others can use only one standard. As aresult, some cell phones
can operate in many countries while other cell phones can only be used locally.
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The first generation (1G) of cell phones began service in the 1980s. First-generation phones
primarily used analog standards, including Advanced Mobile Phone System (AMPS) and
Nordic Mobile Telephone (NMT).

In an analog system, the voice information is sent by varying the radio signals used by the
phone in the same pattern as the speakers' voices. Unfortunately, this means that interfer-
ence and noise, which aso vary the signal, cannot easily be separated from the voice in the
signal. This limits the usefulness of analog systems.

Digital signals convert the speakers' voices into a digital signal that uses a chain of 1s and
0s. This degrades the signal alittle, because 1s and Os are not a faithful representation of
your voice. However, the digital signal is robust. It can be fixed using error correction rou-
tinesif there isinterference. Also, digital signals can be compressed, making the systems
much more efficient than analog systems.

In the 1990s, the second generation (2G) of cell phones was marked by a switch from ana-
log to digital standards. Second-generation cell standards included Global System for
Mobile (GSM), Integrated Digital Enhanced Network (iDEN), and Code Division Multiple
Access (CDMA).

Third-generation (3G) standards enable cell phones to go beyond simple voice and data

communications. It is now common for cell phones to send and receive text, photos, and
video. It is also common for 3G cell phones to access the Internet and to use the Global

Positioning System (GPS).

Note

As 3G cell phone standards were being developed, extensions to the existing 2G standards were
added. These transitional standards are known as 2.5G standards.

Fourth-generation (4G) standards have been championed by many users because of the
availability of increased data rates. Higher data rates will allow users to download files,
such as video and music, faster than what was available with standards of previous genera-
tions.

Table 6-6 shows more information about the different cell phone standards.

Table 6-6 Cell Phone Standards

Generation Standard Name Features Used In
1G Nordic Mobile Replaced wired Saudi Arabia,
(Anaog cell Telephone (NMT) telephones Scandinavia
phone standards
introduced in
the 1980s)
Advanced Mobile Replaced wired United States, New

Phone System (AMPS) telephones Zedland
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Generation Standard Name Features Used In
2G GSM communications Digital-quality Worldwide
(Digital calls everywhere
cellular)
iDEN Push-To-Talk service, North and South
international roaming America,
Philippines,
Singapore, Saudi
Arabia
2.5G General Packet Radio Data layer Worldwide
(Digital Service (GPRS) for GSM
cellular +
packet network
for data)
Code Division Multiple Unified Digital North and South
Access (CDMA) Data, Voice America, India,
CDMAZ2000 service Indonesia, Japan,
IXRTT/1S-2000 South Korea
EDGE (CDMA) Data upgrade Worldwide
Enhanced Data Rates to GPRS
for Global Evolution
3G Universal Mobile Advanced GSM Europe, Africa,
(Simultaneous  Telecommunications phone system Asia, U.S.
voice and data, System (UMTS, also
with e-mail called 3GSM)
and instant
messaging)
IXEV-DO/IS-856 Advanced CDMA  Worldwide
(Pronounced D-O) telephone system
4G High Speed Downlink Advanced UMTS  Worldwide
(Technologies  Packet Access (HSDPA) system for voice,
that are “3G high-speed data
and beyond”)

New technologies that add multimedia and networking functionality can be bundled with

cell phone standards. Table 6-7 lists common technologies that can be added to the cell
phone bundle of services. Most cell phone providers charge extra for adding these features.
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Table 6-7 Internet Standards

Internet Standard Purpose

Short Message Service (SMS) Used for text messaging

Multimedia Message Service Used for sending and receiving photos and videos
Packet switching Used for accessing the Internet

Identify Common Preventive Maintenance
Techniques for Laptops and Portable Devices

Because laptops are mobile, they are used in different types of environments. Some envi-
ronments can be hazardous to a laptop. Even eating or drinking around a laptop creates a
potentially hazardous condition.

Consider what would happen if a drink were spilled onto the keyboard of a laptop. Many
components are placed in a very small area directly beneath the keyboard. Spilling liquid or
dropping debris onto the keyboard can result in severe internal damage.

It isimportant to keep a laptop clean and to ensure that it is being used in the most optimal
environment. The following sections cover preventive maintenance techniques for the laptop.

After completing these sections, you will meet these objectives:
m |dentify appropriate cleaning procedures

m |dentify optimal operating environments

Identify Appropriate Cleaning Procedures

Proper routine cleaning is the easiest, least expensive way to protect and to extend the life
of alaptop. It isvery important to use the right products and procedures when cleaning a
laptop. Always read all warning labels on the cleaning products. The components are very
sensitive and should be handled with care. Consult the laptop manual for additional infor-
mation and cleaning suggestions. This section provides basic steps for cleaning the laptop
keyboard, ventilation area, screen, touchpad, disk drives, and discs.

To clean alaptop keyboard, perform the following procedures:
Step 1.  Turn off the laptop.

Step 2. Disconnect all attached devices.

Step 3.  Disconnect laptop from the electrical outlet.

Step 4. Remove all installed batteries.
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Step 5.
Step 6.

Blow compressed air between the keys.

Wipe laptop and keyboard with a soft, lint-free cloth lightly moistened with
water or computer-screen cleaner.

To clean the ventilation area, perform the following procedures:

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.

Step 6.

Turn off the laptop.

Disconnect all attached devices.

Disconnect laptop from the electrical outlet.
Remove all installed batteries.

Use compressed air or a nonelectrostatic vacuum to clean out the dust from the
vents and the fan behind the vent.

Use tweezers to remove any debris.

To properly clean an LCD screen, perform the following procedures:

Step 1.
Step 2.
Step 3.
Step 4.

Step 5.

Caution

Turn off the laptop.

Disconnect all attached devices.

Disconnect laptop from the electrical outlet.
Remove all installed batteries.

Wipe display with a soft, lint-free cloth lightly moistened with water or LCD
cleaner.

Do not spray cleaning solution directly onto the LCD. Use products specifically designed for clean-
ing LCD screens.

To clean the touchpad on a laptop, perform the following procedures:

Step 1.
Step 2.
Step 3.
Step 4.

Step 5.

Caution

Turn off the laptop.

Disconnect all attached devices.

Disconnect laptop from the electrical outlet.
Remove all installed batteries.

Wipe surface of touchpad gently with a soft, lint-free cloth moistened with an
approved cleaner. Never use a wet cloth.

Use a soft, lint-free cloth with an approved cleaning solution to avoid damaging laptop surfaces.
Apply the cleaning solution to the lint-free cloth, not directly to the laptop.
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To clean afloppy drive, use acommercially available cleaning kit. Floppy drive cleaning
kits include pretreated floppy disks that remove contaminants from the floppy drive heads
that have accumulated through normal operation. To clean the drive, follow these steps:

Step 1. Remove all media from the floppy drive.
Step 2. Insert the cleaning disk and let it spin for the suggested amount of time.

Dirt, dust, and other contaminants can collect in your optical drives and on the discs.
Contaminated drives and discs can cause malfunctions, missing data, error messages and
lost productivity. To clean an optical disc, use acommercialy available CD or DVD drive
cleaning disc. Many floppy disk cleaning kits include an optical disc cleaner. Like the flop-
py disk cleaner, optical disc cleaner kits contain a cleaning solution and a nonabrasive disc
that is inserted into the optical drive. Perform the following cleaning procedures:

Step 1. Remove all media from the optical drive.

Step 2. Insert the cleaning disc and let it spin for the suggested amount of time to clean
all contact areas.

For aCD or DVD disc, inspect the disc for scratches. Replace discs that contain deep
scratches because they can cause data errors. If you notice problems such as skipping or
degraded playback quality with your CDs or DVDs, clean the discs. Commercia products
are available that clean discs and provide protection from dust, fingerprints, and scratches.
Cleaning products for CDs are safe to use on DVDs. To clean the disc, follow these steps:

Step 1. Hold the disc by its outer edge or by the inside edge of the center hole.

Step 2.  Gently wipe the disc with a lint-free cotton cloth. Never use paper or any materi-
al that can scratch the disc or leave streaks.

Step 3. Wipe from the center of the disc outward. Never use a circular motion.

Step 4. Apply acommercial CD or DVD cleaning solution to the lint-free cotton cloth,
and wipe again if any contaminates remain on the disc.

Step 5. Allow the disc to dry before it isinserted into the drive.

Identify Optimal Operating Environments

An optimal operating environment for alaptop is clean, free of potential contaminants, and
within the temperature and humidity range specified by the manufacturer. With most desk-
top computers, the operating environment can be controlled. However, because of the
portable nature of laptops, it is not always possible to control the temperature, humidity,
and working conditions. Laptops are built to resist adverse environments, but technicians
should always take precautions to protect the equipment from damage and loss of data.

It isimportant to transport or ship laptops carefully. Use a padded laptop case to store your
laptop. When you carry it, use an approved computer bag. If the laptop is shipped, use
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sufficient packing material to prevent damage during transport. Figure 6-19 shows examples
of laptop carrying cases and packing boxes.

Figure 6-19 Shipping and Transporting a Laptop

Laptops are transported to many types of environments. Dust particles, temperature, and
humidity can affect the performance of alaptop. Follow these guidelines to help ensure
optimal operating performance from your laptop:

m Clean the laptop frequently to remove dust and potential contaminants.

= Do not obstruct vents or airflow to internal components. A laptop can overheat if air
circulation is obstructed.

= Keep the room temperature between 45 and 90 degrees Fahrenheit (7 and 32 degrees
Celsius).

m Keep the humidity level between 10 and 80 percent.

Temperature and humidity recommendations will vary by laptop manufacturer. You should
research these recommended values, especially if you plan to use the laptop in extreme con-
ditions.

Describe How to Troubleshoot Laptops and
Portable Devices

When troubleshooting problems with laptops or portable devices, you should determine
whether arepair is cost effective. To determine the best course of action, you should com-
pare the cost of the repair to the replacement cost of the laptop or portable device, less the
salvage value.
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Because many portable devices change rapidly in design and functionality, portable devices
are often more expensive to repair than to replace. For this reason, portable devices are usu-
ally replaced while laptops can be replaced or repaired.

Follow the steps outlined in the following sections to accurately identify, repair, and docu-
ment the problem. The troubleshooting process follows:

Step 1.  Gather data from the customer.

Step 2.  Verify the obvious issues.

Step 3.  Try quick solutions first.

Step 4. Gather data from the computer.

Step 5. Evauate the problem and implement the solution.

Step 6. Close with the customer.

After completing these sections, you will meet these objectives:
= Review the troubleshooting process

m |dentify common problems and solutions

Review the Troubleshooting Process

The first step in the troubleshooting process is to gather data as follows from the customer.
There are two types of questions you can ask: open-ended and closed-ended.

Open-ended questions cannot be answered with yes or no answers. The purpose of open-
ended questions is to allow the customer to describe the problem.

Closed-ended questions can usually be answered with yes or no answers. This type of ques-
tion can help atechnician focus in on an error and locate the exact problem when a poten-
tial solution is being tested.

After you have talked to the customer, you should verify the obvious issues. Examine the
most obvious causes of a problem as follows:

= Battery
m LEDs

Function keys
m Cable connections

After the obvious issues have been verified, try some quick solutions such as
= Reboot the laptop.
m Check the BIOS settings.
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= Disconnect peripherals.
m Usethe Last Know Good Configuration option.

If quick solutions did not correct the problem, gather data from the computer. Use the fol-
lowing tools to gather information from the computer:

= System Properties

= Device Manager

m Network Settings

= Power Options

m Event Viewer

m Operating system information
= Error messages

= Beep sequences

The next step in the troubleshooting process is to evaluate the information you have from
the customer and from the laptop, determine possible solutions, and implement the best one:

= Problem-solving experience
m Other technicians
m [nternet search
= Newsgroups
= Manufacturer FAQs
= Computer manuals
= Device manuals
= Online forums
m Technical websites
After you have solved the laptop problem, you will close with the customer.

When you are confident that the problem has been resolved, the next step is to close with
the customer as follows:

m Discuss the solution implemented with the customer.
m Have the customer verify that the problem has been solved.
= Provide the customer with all paperwork.

= Document the steps taken to solve the problem in the work order and the technician’s
journal.
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= Document any components used in the repair.

= Document the time spent to resolve the problem.

Identify Common Problems and Solutions

Computer problems can be attributed to hardware, software, networks, or some combination
of the three. You will resolve some types of computer problems more often than others.
Table 6-8 addresses some common problems and solutions for laptops and portable devices.

Table 6-8 Common Problems and Solutions for Laptops and Portable Devices

Problem Symptom Possible Solution
LCD laptop screen is not displaying Disconnect any external monitors and use the
anything. function key sequence to activate the LCD.

Image on the LCD screen istoo dim. Swap the laptop to AC power and adjust bright-
ness controls for the LCD.

Image on the LCD screen contains Adjust display resolution settings.
ablack border.

Worksheet 6.7.2: Research Laptop Problems

Research laptop issues. Refer to the worksheet in IT Essentials: PC Hardware and Software
Labs and Sudy Guide, Third Edition (ISBN 1-58713-198-6). You can perform this work-
sheet now or wait until the end of the chapter.




Chapter 6: Fundamental Laptops and Portable Devices 37

Summary

This chapter discussed the features of laptops, portable devices (PDAS), and smartphones.
The following are some of the important concepts to remember from this chapter:

Laptops, PDAs, and smartphones are becoming increasingly popular because of
reduced costs, lighter weights, increased capabilities, and battery power for portability.

L aptops and desktops have ports that are virtually the same, so peripherals are inter-
changeable. Laptops can use docking stations or port replicators to quickly connect to
desktop peripherals and AC power.

The laptop CPU is designed to use less power and create less heat than the desktop
computer. It uses CPU throttling to reduce power consumption and heat.

Functionality of the laptop can be expanded by adding components through PC Card or
ExpressCard slots and USB, FireWire, and parallel ports.

Céll phone standards were developed in the 1980s. The current third-generation stan-
dards enable cell phones to share some laptop functions, such as e-mail, Internet
access, and calendar and address functions. Standards have not been adopted world-
wide.

Preventive maintenance will ensure optimal operation of the laptop. It isimportant to
keep the laptop clean and in safe environments. It is critical to use the correct materials
and techniques when cleaning the various components of a laptop. Procedures for
cleaning the components are presented.

Dust, temperature, and humidity can affect |aptop performance. Basic guidelines are to
keep the laptop clean, with good ventilation and room temperature at 45 to 90 degrees
F (7 to 32 degrees C) and humidity levelsin the range of 10 to 80 percent.

Troubleshooting laptop problems requires the technician to identify, repair, and docu-
ment the problem. Troubleshooting steps include gathering data from the customer,
verifying the obvious, trying quick solutions first, gathering data from the compuiter,
evaluating the problem, implementing the solution, and closing with the customer.

Chapter 13, “Advanced Laptops and Portable Devices,” focuses on troubleshooting more
difficult problems.

Summary of Exercises

Thisis asummary of the Labs, Worksheets, Remote Technician exercises, Class
Discussions, Virtual Desktop activities, and Virtual Laptop activities associated with this
chapter.
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)/  Worksheets

The following worksheets cover material from this chapter. Refer to the labsin IT
Essentials: PC Hardware and Software Labs and Sudy Guide, Third Edition (ISBN 1-
58713-198-6).

Worksheet 6.1.2: Research Laptops, Smartphones, and PDAs
Worksheet 6.2.3: Complete Docking Stations True or False Questions
Worksheet 6.3.4: Answer Laptop Expansion Questions

Worksheet 6.4.1: Match ACPI Standards

Worksheet 6.7.2: Research Laptop Problems
Virtual Laptop Activities

The following Virtual Laptop activities cover material from this chapter. Refer to the Virtual
L aptop software on the CD that accompanies this book.

Virtual Laptop Activity: Explore Laptop
Virtual Laptop Activity: Keyboard
Virtual Laptop Activity: Docking Station

Virtual Laptop Activity: Components and Devices

Check Your Understanding

You can find the answers to these questions in the appendix, “Answers to Check Your
Understanding Questions.”

1. A newer type of PC Card is called the
a. ExpressCard
b. PC Card disk

c. PC CardBus
d. PCMCIA Card
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. The PC ExpressCard has and pin configurations.

a 64 and 128
b. 34 and 54
c. 28and 40
d. 9and 15

. Which power mode would you use on a laptop running Windows XP to minimize
power consumption by reducing power to the hardware?

a. Network

b. Hibernate

c. Active

d. Conserving

. When you are ready to clean alaptop’s LCD, which of the following would you select?

a. Trichloroethane solvent

b. Ammonia-based solvent

¢. A window cleaning solvent

d. Isopropyl acohol and water

. Which of the following is similar to a port replicator, as well as adds more functionali-
ty with additional drives?

a USB hub

b. Docking station

c. Drive bay

d. Storage area

. Which of the following features make laptops a good alternative to desktop computers?
(Choose two.)

a. Compact design

b. Lower costs

c. Enhanced capabilities

d. Portability

. Which laptop device is commonly hot-swappable?

a. Display

b. Interna hard drive
c. PCCad

d. RAM
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8. Which type of memory is used in laptops?

a DIMM
b. RIMM
c. SIMM
d. SODIMM
9. Which power management control was introduced prior to the Advanced Configuration
and Power |nterface?
a ACCI
b. ACPI
c. AMD
d. APM
e. APA

10. What do FireWire and USB devices have in common?

a. Only one of these devices can be used at atime.
b. They are considered hot-swappable devices.

c. They cannot be used with desktop PCs.

d. They are parallel communication devices.

11. What should a user do when operations on a USB memory device have been completed
and it is necessary to remove it from the laptop computer?

a. Reboot the computer.

b. Choose Start > Control Panel > System. Select USB Device and then the
Properties tab. Click Remove.

c. Click the Safely Remove Hardwar e icon in the Windows system tray.
d. Just remove the USB device from the computer.

12. Which of the following steps are recommended when cleaning a laptop LCD screen?
(Choose two.)
a. Clean the display screen using tissue moistened with water.
Disconnect all devices attached to the laptop prior to cleaning the display screen.
Power off the laptop prior to cleaning the display screen.
Remove all sources of power immediately after cleaning the display screen.
Remove the LCD screen from the laptop.

© 2 0o T
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13. What isthe easiest, least expensive way to extend the life of alaptop and keep it in
optimal working order?
a. Replace parts regularly.
b. Clean the laptop regularly.
c. Do aclean reinstall of the OS.
d. Back up important information monthly.






CHAPTER 7

Fundamental Printers and Scanners

Objectives

Upon completion of this chapter, you should be able to answer the following questions:

m What types of printers are currently available?

m What is the process of installation and configu-

ration for printers?

m What types of scanners are currently available?

m What is the process of installation and configu-

ration for scanners?

Key Terms

= How can | identify and apply common preven-
tive maintenance techniques to printers and
scanners?

= How can | troubleshoot printers and scanners?

This chapter uses the following key terms. You can find the definitions in the Glossary.

printer page xx

scanner  page Xx

electrophotographic technology page xx
inkjet printer  page xx

dot-matrix printer page xx

dots per inch (dpi) page xx

mean time between failures (MTBF) page xx
serial data transfer  page xx

parallel datatransfer page xx

Small Computer System Interface (SCS) page xx
Universal Serial Bus (USB) page xx
FireWire page xx

Ethernet  page xx

wireless page xx

laser printer  page xx
cleaning page xx
conditioning page xx
writing page xx
developing page xx
transferring page xx
fusing page xx

primary corona wire page Xx
impact printer  page xx
thermal page xx
piezoelectric  page xx
solid-ink printer  page xx
thermal printer page xx

dye-sublimation printer page xx

continues
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continued
firmware page xx drum page xx
all-in-one page xx handheld page xx

flatbed page xx optical character recognition (OCR) page xx
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This chapter provides essential information about printers and scanners. You will learn how
printers operate, what to consider when purchasing a printer, and how to connect printers to
an individual computer or to a network.

Printers produce paper copies of electronic files. Scanners allow users to convert paper
documents into electronic files. Many government regulations require physical records,
therefore, hard copies of computer documents are often as important today as they were
when the paperless revolution began several years ago.

You must understand the operation of various types of printers and scanners to be able to
install and maintain them, as well as to troubleshoot any problems that may arise.

Describe the Types of Printers Currently
Available

As a computer technician, you might be required to purchase, repair, or maintain a printer.
The customer might request that you perform the following tasks:

m Select aprinter
m |nstall and configure a printer
= Troubleshoot a printer
After completing this section, you will meet these objectives:
m Describe characteristics and capabilities of printers.
m Describe printer-to-computer interfaces.
m Describe laser printers.
m Describe impact printers.
m Describe inkjet printers.
m Describe solid-ink printers.

m Describe other printer types.

Describe Characteristics and Capabilities of Printers

Printers available today are usually either laser printers using electrophotographic technol-
ogy or inkjet printers using electrostatic spray technology. Dot-matrix printers using
impact technology are used in applications that require carbon copies. When selecting a
printer, consider the following criteria:

m Capacity
= Speed
= Color
Quality
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= Reiability
m Cost

Capacity and Speed

Printer capacity and speed are factors to consider when selecting a printer. Inkjet printers
are usually slower, but they might be adequate for a home or small office. A printer’s speed
is measured in pages per minute (ppm). The speed of an inkjet printer is 2 to 6 ppm. The
speed of alaser printer is 8 to 200 ppm.

Color or Black and White

A computer monitor produces colors through the additive mixing of dots that are displayed
on the screen. The eye picks up the colors directly. The dots produce the color range using
red, green, and blue (RGB) dots.

A printer produces colors using subtractive mixing. The eye sees a color that reflects from
the combination of colors on the paper.

The choice between a black-and-white printer and a color printer depends on your cus-
tomer’s needs. If your customer is primarily printing letters and does not need color capa-
bility, a black-and-white printer is sufficient. However, an elementary school teacher might
need a color printer to add excitement to lessons.

Quality

The quality of printing is measured in dots per inch (dpi). The more dpi, the higher the res-
olution. When the resolution is higher, text and images are usually clearer. To produce the
best high-resolution images, you should use both high-quality ink or toner and high-quality

paper.

Reliability
A printer should be reliable. Because there are so many types of printers on the market, you

should research the specifications of several printers before selecting one. Here are some of
the options available from the manufacturer:

m Warranty: Identify what is covered in the warranty.

m Scheduled servicing: Servicing is based on expected usage. Information isfound in
the manual or on the manufacturer’s website.

m Mean time between failures (MTBF): The average length of time that the printer will
work without failing. You typically can find this information in the manual or on the
manufacturer’s website.
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Total Cost of Ownership

Consider the cost when selecting hardware. When buying a printer, you must consider more
than just the initial cost of the printer. The total cost of ownership (TCO) includes a number
of factors:

m [nitia purchase price

m Cost of supplies, such as paper and ink/toner
= Price per page

= Maintenance costs

= Warranty costs

Data/communication cables

The amount of material printed

Lifetime of the printer

Describe Printer-to-Computer Interfaces

A computer must have a compatible interface with the printer to be able to print documents.
Typicaly, printers connect to home computers using a parallel, USB, or wireless interface.
Corporate printers may connect to a network using a network cable.

The different types of printer ports are described in the following sections.

Serial Ports

Serial data transfer is the movement of single bits of information in asingle cycle. A seria
connection can be used for dot-matrix printers because they do not require high-speed data
transfer.

Parallel Ports

Parallel data transfer is faster than serial data transfer. Parallel data transfer is the move-
ment of multiple bits of information in asingle cycle. The path is wider for information to
move to or from the printer.

|IEEE 1284 is the current standard for parallel printer ports. Enhanced Parallel Port (EPP)
and Enhanced Capabilities Port (ECP) are two modes of operation within the IEEE 1284
standard that allow bidirectional communication. Figure 7-1 shows a parallel port.
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Figure 7-1 Printer Parallel, Ethernet, and Coaxial Ports

SCSIl Interfaces

Small Computer System Interface (SCSI) is atype of interface that uses parallel communi-
cation technology to achieve high data-transfer rates.

USB Interfaces

Universal Serial Bus (USB) is acommon interface for printers and other devices. The
speed and simple setup have made USB very practical. Newer operating systems offer
“plug-and-play” USB support. When a USB device is added to a computer system support-
ing plug-and-play, the device is automatically detected and starts the driver installation
process.

USB 2.0 isthe current USB standard. USB 2.0 can support up to 127 devices and has a
transfer rate of as much as 480 Mbps.

FireWire Connections

FireWire, also known asi.LINK or IEEE 1394, is a high-speed communication bus that is
platform-independent. FireWire connects digital devices such as digital printers, scanners,
digital cameras, and hard drives.

FireWire allows a peripheral device, such as a printer, to seamlessly plug into a computer. It
also alows a device such as a printer to be hot-swappable. FireWire provides a single plug-
and-socket connection that can attach up to 63 devices. FireWire has a data transfer rate of
up to 400 Mbps.
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Ethernet Connections

Printers can be shared over a network. Connecting a printer to the network requires cabling
(such as Ethernet) that is compatible with both the existing network and the network port
installed in the printer. Most network printers use an RJ-45 interface to connect to a net-
work.

Wireless Connections

Wireless printing technology is available in infrared, Bluetooth, and wireless fidelity (Wi-
Fi) technology.

For infrared communication to take place between a printer and a computer, transmitters
and receivers are required on both devices. There must be a clear line of sight between the
transmitter and receiver on both devices, with a maximum distance of 12 feet (3.7 m).
Infrared uses a type of light that is invisible to the human eye.

Bluetooth technology uses an unlicensed radio frequency for short-range communication
and is popular for wireless headsets and synching PDAs to laptops and desktop computers.
A Bluetooth adapter allows a Bluetooth device to connect to a printer, usually by using a
USB port.

Wi-Fi is the popular name for arelatively new technology that lets you connect computers
to a network without using cables. Wi-Fi technology has four common standards, all of
which begin with the number of the |EEE standard, 802.11:

m 802.11atransfers data at arate of up to 54 Mbps at 5 GHz.
m 802.11b transfers data at arate of 11 Mbps at 2.4 GHz.

m 802.119 transfers data at arate of 54 Mbps at 2.4 GHz. 802.11g products are back-
ward-compatible with 802.11b.

= 802.11nis currently in the standardization process and is expected to be approved with
amaximum data transfer rate of up to 248 Mbps.

Describe Laser Printers

A laser printer, such as the one shown in Figure 7-2, is a high-quality, fast printer that uses
alaser beam to create an image. The central part of the laser printer is its electrophoto-
graphic drum. The drum is ametal cylinder that is coated with a light-sensitive insulating
material. When a beam of laser light strikes the drum, it becomes a conductor at the point
where the light hitsit. As the drum rotates, the laser beam draws an electrostatic image on
the drum, called the image. The undeveloped or latent image is passed by a supply of dry
ink or toner that is attracted to it. The drum turns and brings this image into contact with
the paper, which attracts the toner from the drum. The paper is passed through a fuser that
is made up of hot rollers, which melts the toner into the paper.
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Figure 7-2

Laser Printer

The laser printer process involves six steps to print information on a single sheet of paper:

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Cleaning: When an image has been deposited on the paper and fusion occurs,
any remaining toner must be removed from the drum. A printer may have a
blade that scrapes all excess toner from the drum. Some printers use AC voltage
on awire that removes the charge from the drum surface and allows the excess
toner to fall away from the drum. The excess toner is stored in a used-toner con-
tainer that may be emptied or discarded.

Conditioning: This step involves removing the old latent image from the drum
and conditioning the drum for a new latent image. Conditioning is done by plac-
ing a special wire, grid, or roller that receives a negative charge of approximately
—600 volts DC uniformly across the surface of the drum. The charged wire or
grid is called the primary corona wire. Theroller is called a conditioning roller.

Writing: The writing process involves scanning the photosensitive drum with the
laser beam. Every portion of the drum that is exposed to the light has the surface
charge reduced to about —100 volts DC. This electrical charge has a lower nega-
tive charge than the remainder of the drum. As the drum turns, an invisible latent
image is created on the drum.

Developing: In the developing phase, the toner is applied to the latent image on
the drum. The toner is a negatively charged combination of plastic and metal
particles. A control blade holds the toner at a microscopic distance from the
drum. The toner then moves from the control blade to the more positively
charged latent image on the drum.

Transferring: In this step, the toner attached to the latent image is transferred to
the paper. The transfer, or secondary corona, places a positive charge on the
paper. Because the drum was charged negatively, the toner on the drum is attract-
ed to the paper. The image is now on the paper and is held in place by the posi-
tive charge.
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Step 6. Fusing: In this step, the toner is permanently fused to the paper. The printing
paper is rolled between a heated roller and a pressure roller. As the paper moves
through the heated roller and the pressure roller, the loose toner is melted and
fused with the fibers in the paper. The paper is then moved to the output tray as a

printed page.
The following mnemonic will help you memorize the order of the steps of the laser printing
process:

Continuous (cleaning)
Care (conditioning)
Will (writing)

Delay (developing)
Trouble (transferring)

Forever (fusing)

Warning
The primary coronawire or grid, or the conditioning roller, can be very dangerous. The voltage runs
as high as —6000 volts. Only certified technicians should work on the unit. Before working inside a

laser printer, you should make sure that the voltage is properly discharged.

Describe Impact Printers

Impact printers, such as the one shown in Figure 7-3, are basic. Impact printers have print
heads that strike the inked ribbon, causing characters to be printed on the paper. Daisy-
wheel and dot-matrix are examples of impact printers.

Figure 7-3  Impact Printer
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In a daisy-wheel printer, the wheel contains the letters, numbers, and special characters. The
wheel rotates until the required character isin place, and an electromechanical hammer
pushes the character into the ink ribbon. The character then strikes the paper, printing the
character on the paper.

A dot-matrix printer is similar to the daisy-wheel printer, except that instead of a wheel
containing characters, a print head contains pins that are surrounded by electromagnets.
When energized, the pins push forward onto the ink ribbon, creating a character on the

paper.

The number of pins on a print head, 9 or 24, indicates the quality of the print. The highest
quality of print that is produced by a dot-matrix printer is called near-letter quality (NLQ).

Table 7-1 lists some advantages and disadvantages of an impact printer.

Table 7-1 Impact Printer Pros and Cons

Advantages Disadvantages

Uses inexpensive consumables Noisy

Uses continuous-feed paper Low-resolution graphics

Has carbon copy printing capability ~ Limited color capability

Slow printing, normally in the range of 32 to 76
characters per second (cps)

Describe Inkjet Printers

Inkjet printers produce high-quality prints. Inkjet printers are easy to use and inexpensive
compared to laser printers. The print quality of an inkjet printer is measured in dots per inch
(dpi). Higher dpi numbers provide greater image details. Figure 7-4 shows an al-in-one
device that contains an inkjet printer. Figure 7-5 shows inkjet printer components.

Figure 7-4  Inkjet Printer




Chapter 7: Fundamental Printers and Scanners 11

Figure 7-5  Inkjet Printer Components

Parallel Port

Timing Belt

Paper Feed
Rollers

Printhead
Positioning

Assembly

Ink Cartridges

Inkjet printers use ink-filled cartridges that spray ink onto a page through tiny holes called
nozzles. Theink is sprayed in a pattern on the page.

There are two types of inkjet nozzles:

m Thermal: A pulse of electrical current is applied to heating chambers around the noz-
Zles. The heat creates a bubble of steam in the chamber. The steam forces ink out
through the nozzle and onto the paper.

= Piezoelectric: Piezoelectric crystals are located in the ink reservoir at the back of each
nozzle. A chargeis applied to the crystal, causing it to vibrate. This vibration of the
crystal controls the flow of ink onto the paper.
Inkjet printers use plain paper to make economical prints. Special-purpose paper may be
used to create high-quality prints of photographs. When the inkjet print is complete and the
paper leaves the printer, the ink is often wet. You should avoid touching printouts for 10 to
15 seconds to prevent the images from smearing.

Table 7-2 lists some advantages and disadvantages of an inkjet printer.

Table 7-2 Inkjet Printer Pros and Cons

Advantages Disadvantages

Low cost Nozzles are prone to clogging
High resolution Ink cartridges are expensive
Quick to warm up Ink is wet after printing

Describe Solid-Ink Printers

Solid-ink printers use solid sticks of ink rather than toner or ink cartridges, as shown in
Figure 7-6. Solid-ink printers produce high-quality images. The ink sticks are nontoxic and
can be handled safely.
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Figure 7-6  Solid-Ink Printer

Solid-ink printers melt ink sticks and spray the ink through nozzles. The ink is sprayed onto
adrum. The drum transfers the ink to paper.

Table 7-3 lists some advantages and disadvantages of a solid-ink printer.

Table 7-3 Solid-Ink Printer Pros and Cons

Advantages Disadvantages

Produces vibrant color prints Printers are expensive

Easy to use Ink is expensive

Can use many different paper types Printers are slow to warm up

Describe Other Printer Types

Two other printing technologies that you may work with are thermal and dye sublimation,
as described in the following sections.

Thermal Printers

Some retail cash registers or older fax machines may contain thermal printers, as shown in
Figure 7-7. The paper used in thermal printersis chemically treated and has a waxy quality.
Thermal paper becomes black when heated. Most thermal printer print heads are the width
of the paper. Areas of the print head are heated as required to make the pattern on the paper.
The paper is supplied in the form of aroll.
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Figure 7-7  Thermal Printer

Table 7-4 lists some advantages and disadvantages of athermal printer.

Table 7-4 Thermal Printer Pros and Cons

Advantages Disadvantages

Longer life because there are few moving parts ~ Paper is expensive
Paper has a short shelf life
Images are poor quality

Paper must be stored at room temperature

Dye-Sublimation Printers

Dye-sublimation printers, such as the one shown in Figure 7-8, produce photo-quality
images for graphic printing. Dye-sublimation printers use solid sheets of ink that change
directly from solid to gasin a process called sublimating. The print head passes over a sheet
of cyan, magenta, yellow, and a clear overcoat (CMYO). There is a pass for each color. In
photography, both dye-sublimation printers and small color inkjet printers provide quality
prints.
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Figure 7-8  Dye-Sublimation Printer

Table 7-5 lists some advantages and disadvantages of a dye-sublimation printer.

Table 7-5 Dye-Sublimation Printer Pros and Cons

Advantages Disadvantages

Printers produce high-quality images Media can be expensive

Overcoat layer reduces smearing and Printers are better for color than for grayscale
increases moisture resistance (black and white)

Describe the Installation and Configuration
Process for Printers

When you purchase a printer, the installation and configuration information is usually sup-
plied by the manufacturer. An installation CD that includes drivers, manuals, and diagnostic
software is included with the printer. The same tools may also be available as downloads
from the manufacturer’s website. Figure 7-9 show an example of what typically comes with
aprinter.

After completing this section, you will meet these objectives:

Describe how to set up a printer.

Explain how to power and connect the device using alocal or network port.

Describe how to install and update the device driver, firmware, and RAM.

Identify configuration options and default settings.
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m Describe how to optimize printer performance.

m Describe how to print atest page.

m Describe how to share a printer.

Figure 7-9

Printer Package Contents

Describe How to Set Up a Printer

Although all types of printers are somewhat different to connect and configure, some proce-
dures should be applied to all printers. After the printer has been unpacked and placed in
position, connect it to the computer, network, or print server, and plug it into an electrical

outlet.

Follow these steps to set up a printer:

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.
Step 6.
Step 7.

Check the box to ensure that all required cables are provided.
Remove all packing materials from the printer.

Remove al plastic inserts from the consumabl es.

Ensure that the printer location will not cause overheating.
Install paper trays.

Install paper.

Read and follow the instruction manual.
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Explain How to Power and Connect the Device Using a
Local or Network Port

Now that the printer has been unpacked and placed in position, you must connect it to the
computer, network, or print server and plug it into an electrical outlet by following these

steps:

Step 1.  Connect the appropriate data cable to the communication port on the back of the
printer. If the printer has a USB, FireWire, or parallel port, connect the corre-
sponding cable to the printer port.

Step 2.  Connect the other end of the data cable to the corresponding port on the back of
the computer. If you are installing a network printer, connect the network cable
to the network port.

Step 3.  After the data cable has been properly connected, attach the power cable to the
printer, as shown in Figure 7-10.

Figure 7-10 Connecting the Data and Power Cables on a Printer

Step 4. Connect the other end of the power cable to an available electrical outlet.

Caution
Never plug a printer into a UPS. The power surge that occurs when the printer is turned on will dam-
age the UPS unit.

Describe How to Install and Update the Device Driver,
Firmware, and RAM

After you have connected the power and data cables to the printer, the operating system
may discover the printer and attempt to install a driver. If you have a driver disc from the
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manufacturer, use this driver. The driver that is included with the printer is usualy more
current than the drivers used by the operating system. Figure 7-11 shows the Add Printer
wizard, which can also be used to install the new printer.

Figure 7-11  Printer Wizard Screen

Add Printer Wizard
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close the wizard, and then plug the printer's cable
inlo your compuler of paml the pirker toward your
computer’s infrared poet, and bum the printer an,
‘windows wall automatically install the printer for pou

To cortirue. click Newt.

Printer Drivers

Printer drivers are software programs that enable the computer and the printer to communi-
cate with each other. Drivers aso provide an interface for the user to configure printer
options. Every printer model has a unique driver. Printer manufacturers frequently update
drivers to increase the printer’s performance, to add options, or to fix problems. You can
download new printer drivers from the manufacturer’'s website. To update and test a printer
driver, follow these steps:

Step 1.

Step 2.

Step 3.

Step 4.

Find out if a newer driver isavailable. Go to the printer manufacturer’s web-
site. Most manufacturer websites have a link from the main page to a page that
offers drivers and support. Make sure that the driver is compatible with the com-
puter that you are updating.

Download the driver. Download the printer driver files to your computer. Most
driver files come in a compressed or “zipped” format. Download the fileto a
folder, and uncompress or “unzip” the contents. Save instructions or documenta-
tion to a separate folder on your computer.

Install the downloaded driver. Install the downloaded driver automatically or
manually. Most printer drivers have a setup file that automatically searches the
system for older drivers and replaces them with the new one. If no setup fileis
available, follow the directions supplied by the manufacturer.

Test the new printer driver. Run multiple tests to make sure that the printer
works properly. Use a variety of applications to print different types of docu-
ments. Change and test each printer option.
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Firmware

Firmware is a set of instructions stored on the printer. The firmware controls how the print-
er operates. Figure 7-12 shows a firmware upgrade utility. The procedure to upgrade
firmware is very similar to the procedure for installing printer drivers.

Figure 7-12 Printer Firmware
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Printer Memory

Adding printer memory to a printer can improve printing speed and alow the printer to
handle more complex print jobs. All printers have at least some memory. Generally, the
more memory a printer has, the more efficiently it operates. Here is a generic list of stepsto
follow to upgrade printer memory:

m Step 1.  Turn off the printer.
- Step 2. Disconnect all cables.
Step 3.  Open the memory compartment.
Step 4. Replace memory modules or add new modules.
Step 5. Close the memory compartment.
Step 6. Reconnect all cables.
Step 7. Power on the printer.

Step 8. Run asdf-test.
Step 9. Print atest page.
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Consult the printer documentation for memory requirements:

= Memory specifications: Some printer manufacturers use standard types of memory,
and other manufacturers use proprietary memory. Check the documentation for the type
of memory, the speed of the memory, and the capacity of memory.

= Memory population and availability: Some printers have multiple memory slots. To
find out how many memory slots are used and how many are available, you may need
to open a compartment on the printer to check memory population.

Identify Configuration Options and Default Settings

Each printer may have different configurations and default options, as shown in Figure 7-13.
Check the printer documentation for information about configurations and default settings.

Figure 7-13 Printer Settings
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Here are some common configurations that are available for printers:
= Paper type: Standard, draft, gloss, or photo
= Print quality: Draft, normal, photo, or automatic
m Color printing: Multiple colors are used
m Black-and-white printing: Only black ink is used
m Grayscale printing: A color image is printed using only black ink in different shades
m Paper size: Standard paper sizes or envelopes and business cards
m Paper orientation: Landscape or portrait
= Print layout: Normal, banner, booklet, or poster

m Duplex: Normal or two-sided printing
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Describe How to Optimize Printer Performance

With printers, most optimization is completed through the software supplied with the driv-
ers, as shown in Figure 7-14.

Figure 7-14 Color Calibration
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The software has tools to optimize performance:
m Print spool settings let you cancel or pause current print jobs in the printer queue.

m Color calibration lets you adjust settings to match the colors on the screen to the col-
ors on the printed sheet.

m Paper orientation lets you select landscape or portrait image layout.

Describe How to Print a Test Page

After installing a printer, you should print atest page to verify that the printer is operating
properly. The test page confirms that the driver software is installed and working correctly
and that the printer and computer are communicating.

Printing a Test Page

To print atest page manually, choose Start > Printers and Faxes to display the Printers and
Faxes menu.

Right-click the desired printer and choose Properties. Click the General tab and click
Print Test Page, as shown in Figure 7-15.

A diaog box opens, asking you if the page printed correctly. If the page did not print, built-
in help files will assist you in troubleshooting the problem.



Chapter 7: Fundamental Printers and Scanners 21

Figure 7-15 Print Test Page
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Printing from an Application

You can also test a printer by printing atest page from an application such as Notepad or
WordPad. To access Notepad, choose Start > Programs > Accessories > Notepad.

A blank document opens. Enter some text in the document, and then print it by choosing
File> Print.

Testing a Printer

You can also print from the command line to test the printer. Printing from the command
lineislimited to ASCII files, such as .txt and .bat files. To send afile to the printer from the
command line, choose Start > Run. The Run box appears. Enter cmd in the Run box, and
then click OK. At the command-line prompt, enter the command print thefile.txt.

Testing the Printer from the Printer Panel

Most printers have afront panel with controls to allow you to generate test pages. This
method of printing enables you to verify the printer operation separately from the network
or computer. Consult the printer manufacturer’s website or documentation to learn how to
print a test page from the printer’s front panel.

Describe How to Share a Printer

Printer sharing enables multiple users or clients to access a printer that they are not directly
connected to. Figure 7-16 shows several computers with different operating systems, all
connected to the same shared printer. This arrangement reduces the expense on a network,
because fewer printers are required.
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Figure 7-16 Network Printer

Setting up printer sharing is simple with Windows XP. The following steps enable a com-
puter to share a printer:

Step 1. Choose Start > Printers and Faxes.

Step 2. Right-click the printer, and choose Properties.

Step 3.  Click the Sharing tab.

Step 4. Click the Sharethis printer radio button, as shown in Figure 7-17.

Figure 7-17 Printer Sharing
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Step 5. Keep or change the share name.
Step 6. Click Apply.

All the computers that use the shared printer must have the correct drivers installed. Drivers
for other operating systems can be installed on the print server.

To connect to the printer from another computer on the network, choose Start > Printers
and Faxes > Add Printer. The Add Printer Wizard appears. Follow the steps using the
wizard.

Describe the Types of Scanners Currently
Available

As a computer technician, you may be required to purchase, repair, or maintain a scanner.
The customer may ask you to perform the following tasks:

m Select a scanner.
= [nstall and configure a scanner.
= Troubleshoot a scanner.
After completing this section, you will meet the following objectives:
m Describe scanner types, resolution, and interfaces.

Describe al-in-one devices.

Describe flatbed scanners.

Describe handheld scanners.

Describe drum scanners.

m Compare costs of different types of scanners.

Describe Scanner Types, Resolution, and Interfaces

Scanners are used to convert printed data or images into an electronic data format that a
computer can store or process as required. After an image has been scanned, it can be
saved, modified, and even e-mailed, as you would with any other file. Although most scan-
ners perform the same operation, different types of scanners are available, as shown in
Figure 7-18 and described in the following list:

= All-in-one: Combination device that can scan, print, send faxes, and make copies
m Flatbed: Single-purpose device that converts hard-copy data to an electronic image

= Drum: High-quality scanner that spins film around a drum while a fixed laser or other
beam of light captures the image as it spins

= Handheld: Portable scanner that is small enough to drag over text in books or other
materials
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Figure 7-18 Types of Scanners

All-in-one

Drum Handheld

As with printers, the features, quality, and speed of the different types of scanners vary.
Scanners typically create an RGB image that can be converted into common image formats
such as JPEG, TIFF, BMP, and PNG. An RGB image has three channels: red, green, and
blue. RGB channels generally follow the color receptors of the human eye and are used in
computer displays and image scanners.

Some scanners can create text documents using optical character recognition (OCR) soft-
ware. OCR software is used to convert a scanned printed page into text that can be edited
with aword processor. A scanner’s resolution is measured in dots per inch (dpi). As with
printers, the higher the dpi, the better the image quality.

To alow communication of data, the scanner and computer must have compatible inter-
faces. The interfaces and cables used for printers typically are the same as the interfaces
and cables used for scanners, as shown in Figure 7-19.

Describe All-in-One Devices

An dl-in-one device combines the functionality of multiple devices into one physical piece
of hardware. The devices may include media card readers and hard drives for storage. All-
in-one devices generally include these functions:

= Scanner
= Printer
m Copier

® Fax
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Figure 7-19 Scanner Interfaces and Cables

All-in-one devices typically are used in home-office environments or where space is limit-
ed. These devices often are used with a computer but can operate alone to copy and fax
documents.

Table 7-6 lists some advantages and disadvantages of an al-in-one device.

Table 7-6 All-in-One Device Pros and Cons

Advantages Disadvantages

All devices are built in: scanner, Not modular: if one device breaks, not all devices
fax, and printer may be operational

Low cost Not designed for heavy use

Upgrades are easier: softwareis
designed for al devices

Connection and setup are easy:
one port

Describe Flatbed Scanners

Flatbed scanners, shown in Figure 7-20, are often used to scan books and photographs for
archiving. An electronic image is acquired by placing the book or photograph facedown on
the glass. The scanner head, consisting of an array of image sensors, lies beneath the glass
and moves along the item, capturing the image.
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Figure 7-20 Flatbed Scanner

Sheet feeders can be used with flatbed scanners to scan multiple images. A sheet feeder isa
device that can be attached to some flatbed scanners to hold multiple sheets and feed them
into the scanner one at atime. This feature alows for faster scanning; however, the image
quality is usually not as good as a flatbed scanner that does not use a sheet feeder.

Table 7-7 lists some advantages and disadvantages of flatbed scanners.

Table 7-7 Flatbed Scanner Pros and Cons

Advantages Disadvantages

Most common type of desktop scanner Limited scanning size based on size of scan-
ning bed

Low cost

Connection and setup are easy: one port

Describe Handheld Scanners

A handheld scanner, as shown in Figure 7-21, is small and portable. It is difficult to
smoothly scan an image using a handheld scanner. To scan an item, carefully pass the scan-
ner head across the item that you want to scan. As with a flatbed scanner, digital images are
made from the images collected by the handheld scanner.

Figure 7-21 Handheld Scanner
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When you want to scan an item larger than the head of the handheld scanner, you must
make more than one pass to capture the full image. It may be difficult to re-create the origi-
nal image digitally when it is scanned in more than one pass. The images must be put back
together to form a single image of the item that was scanned.

Table 7-8 lists some advantages and disadvantages of handheld scanners.

Table 7-8 Handheld Scanner Pros and Cons

Advantages Disadvantages

Small Multiple passes may need to be made to scan large
items

Portable Consistent image results vary, depending on the user
experience

Can scan images that cannot fit
in or on any other type of scanner

Describe Drum Scanners

Drum scanners, as shown in Figure 7-22, produce a high-quality transfer of an image. Drum
scanners are usually used commercially but are being replaced by lower-priced, high-quality
flatbed scanners. Many drum scanners are still in use for high-end reproductions, such as
archiving photographs in museums.

Figure 7-22 Drum Scanner

To scan an image using a drum scanner, you attach the image to arevolving drum or load it
into a supporting canister. The drum is rotated at high speed across optical scanners. The
optical scanners move slowly across the drum surface until the entire image is captured. The
captured image is then reproduced by the computer as a digital image file.

Table 7-9 lists some advantages and disadvantages of drum scanners.
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Table 7-9 Drum Scanner Pros and Cons

Advantages Disadvantages

High-end image results Expensive

Difficult to operate

Describe the Installation and Configuration
Process for Scanners

When you purchase a scanner, the installation and configuration information is usually sup-
plied by the manufacturer. An installation CD that includes drivers, manuals, and diagnostic
software is included with the scanner. The same tools may also be available as downloads
from the manufacturer’s website.

After completing this section, you will meet the following objectives:
m Explain how to power and connect a scanner.
m Describe how to install and update the device driver.

m |dentify configuration options and default settings.

Explain How to Power and Connect a Scanner

Like printers, scanners can connect to a computer using the USB, FireWire, network, or
parallel port interface. Some scanners may connect using a SCSI interface.

Scanners that are built into an all-in-one device should be plugged directly into an AC wall
outlet. This provides the AC current necessary to operate the all-in-one device. Other types
of scanners may acquire power through the USB or FireWire connector.

After unpacking the scanner, connect the appropriate power and data cables. Use the scan-
ner documentation as your guide, or check the manufacturer’s website for instructions.

Describe How to Install and Update the Device Driver

As soon as you have connected and started the scanner, the computer operating system
might be able to discover the scanner through the plug-and-play process. If the scanner is
discovered, the operating system might automatically install a driver.

After you set up a scanner, install the driver software that the manufacturer includes with
the scanner. This driver is usually more current than the drivers on your computer. It may
also provide more functionality than the basic driver from Windows.
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Aswith a printer, you might want to install drivers from the manufacturer’s website to gain
additional functionality, diagnostic tools, and troubleshooting utilities. Download software
from the manufacturer’s website, and follow any directions provided to install the software
and utilities for your scanner. Some scanning software automatically downloads and installs
updated software, drivers, or firmware. Follow the directions provided by the update utility
to install these files.

Lab 7.4.2: Install All-in-One Device and Software

In thislab you install an all-in-one device. You find, download, and update the driver and
the software for the all-in-one device. Refer to the lab in IT Essentials: PC Hardware and
Software Labs and Sudy Guide, Third Edition. You may perform this lab now or wait until
the end of the chapter.

Identify Configuration Options and Default Settings

Scanners have configuration options and default settings that differ between model types
and manufacturers.

A scanner might come with a basic graphic editing software package for editing photo-
graphs and other images. Editing software packages may include OCR software that allows
text in a scanned image to be manipul ated.

Some of the configuration options that might be available on a scanner are as follows:

Color, grayscale, or black-and-white scanning

One-touch scanning into your choice of software

Quality and resolution choices
m Sheet feeders

As shown in Figure 7-23, color calibration between devices is important so that you see
true representations of color. To calibrate a scanner, scan a graphic that contains specific
colors. A calibration application installed on the computer compares the scanner’s output
against the known colors of the sample graphic on the display. The software adjusts the
scanner’s color accordingly. When your scanner, monitor, and printer treat the same colors
in the same way, the image you print matches the image you scan.
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Figure 7-23 Scanner Calibration

Seanb Quwich Adyenced P Qi Type ! fheipt

v Resize
T Lighaen /Darken
Sharpen

“ Cole Adgustmant
a

S IH
iy "
=0 v 0

‘.-‘

-
7 Gupmai St Bahamand Eober

o [

A e

3 irwwert Calors.

3 Desmeen
E S Mevet Tooks
Accept

tiew o

Identify and A_Ppl Common Preventive
Maintenance Techniques for Printers and
Scanners

Printers and scanners have many moving parts that can wear out over time or through
extended use. They must be maintained regularly to operate correctly.

Moving parts can be affected by dust and other air particles. Clean printers and scanners
regularly to avoid downtime, loss of productivity, and high repair costs.

After completing this section, you will meet the following objectives:
= Describe printer maintenance.

m Describe scanner maintenance.

Describe Printer Maintenance

Printers have many moving parts and require a higher level of maintenance than most other
electronic devices. Impurities produced by the printer collect on the internal components.
Over time, if the impurities are not removed, the printer may malfunction. The maintenance
schedule for a printer can be found in the manual or on the manufacturer’s website.

Caution
Be sure to unplug the printer from the electrical source before beginning any type of maintenance.

Most printers come with printer monitoring and diagnostic software from the manufacturer
that can help you maintain the printer. Observe the guidelines from the manufacturer for
cleaning the following printer and scanner components:

= Printer roller surfaces

= Printer and scanner paper-handling mechanisms
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The type and quality of paper and ink used can affect the printer'slife:

m Paper selection: High-quality paper can help ensure that the printer operates efficiently
and for along time. Many types of printer paper are available, including inkjet and
laser. The printer manufacturer may recommend the type of paper that should be used
for best results. Some papers, especially photo paper and transparencies, have a right
side and awrong side. Load the paper according to the manufacturer’s instructions.

m |nk selection: The manufacturer recommends the brand and type of ink that you
should use. If the wrong type of ink isinstalled, the printer may not work, or the print
quality may be reduced. You should avoid refilling the ink cartridges, because the ink
may leak.

Describe Scanner Maintenance

The scanner surface should be kept clean. If the glass becomes dirty, consult the manufac-
turer’s user manual for cleaning recommendations. To prevent liquid from leaking into the
scanner case, do not spray glass cleaner directly on the device. Dampen a cloth with the
cleaner, and then apply the cleaner gently to the glass.

If the inside of the glass becomes dirty, check the manual for instructions on how to open
the unit or remove the glass from the scanner. If possible, thoroughly clean both sides of the
glass, and replace the glass as it was originally set in the scanner. When the scanner is not
in use, keep the lid closed. Keep a handheld scanner in a safe place. Also, never lay any-
thing heavy on a scanner, because you may damage the casing or internal parts.

Troubleshoot Printers and Scanners

With printer and scanner problems, a technician must be able to determine if the problem
exists with the device, the cable connection, or the computer that it is attached to. Follow
the steps outlined in this section to accurately identify, repair, and document the problem.

Step 1.  Gather data from the customer.

Step 2.  Verify the obvious issues.

Step 3.  Try quick solutions first.

Step 4. Gather data from the computer.

Step 5. Evauate the problem and implement the solution.

Step 6. Close with the customer.

After completing this section, you will meet these objectives:
= Review the troubleshooting process.

m |dentify common problems and solutions.
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Review the Troubleshooting Process

Printer problems can result from a combination of hardware, software, and network issues.
Computer technicians must be able to analyze the problem and determine the cause of the
error to repair the printer. This processis called troubleshooting.

Step 1: Gather Data from the Customer

The first step in the troubleshooting process is to gather data from the customer. Ask the
customer some open-ended and closed-ended questions.

Some examples of open-ended questions are as follows:
= What problems are you experiencing with your printer or scanner?
m What software or hardware has been installed on your computer recently?
= What were you doing when the problem was identified?
m What error messages have you received?
= What type of connection is the printer or scanner using?
Some examples of closed-ended questions are as follows:
= |sthe printer/scanner under warranty?
= |sthe printer/scanner making any strange noises?

= Have you updated the software that supports the printer/scanner?

Step 2: Verify the Obvious Issues

After talking to the customer, you should verify the obvious issues. Here is a list of some
common issues for printers and scanners:

m L oose cable connections

= Paper jams

= Equipment power

= Low-ink warning

= Out of paper

= Errors on the equipment display

= Errors on the computer screen

Step 3: Try Quick Solutions First

After the obvious issues have been verified, try some quick solutions. Some quick solutions
for printers and scanners include the following:
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m Restart the printer or scanner.

= Disconnect and reconnect the cables.
= Restart the computer.

m Check the printer for paper jams.

m Reseat the paper in the paper trays.

m Open and close the printer trays.

m Ensure that the printer doors are closed.

Step 4: Gather Data from the Computer

If quick solutions do not correct the problem, gather data from the computer. Here are some
different ways to gather information about the problem from the computer:

m Check that the correct printer is set as the default printer.
m Check that the correct services are running.
m Check Device Manager for any hardware issues.

m Check that the printer is configured correctly.

Step 5: Evaluate the Problem and Implement the Solution

At this point, you have enough information to evaluate the problem and then research and
implement possible solutions. Some resources for possible solutions include the following:

= A past problem-solving experience
m Other technicians

m |nternet search

= Newsgroups

= Manufacturer FAQs

= Computer manuals

= Device manuals

= Online forums

m Technica websites

Step 6: Close with the Customer

After you have solved the printer or scanner problem, you close with the customer. Here is
alist of the tasks required to complete this step:

Step 1.  Discuss the solution implemented with the customer.

\ Step2. Have the customer verify that the problem has been solved.
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Step 3.  Provide the customer with all the paperwork.

Step 4. Document the steps taken to solve the problem in the work order and the techni-

cian’sjournal.

Step 5. Document any components used in the repair.

Step 6. Document the time spent resolving the problem.

Identify Common Problems and Solutions

Printer or scanner problems can be attributed to hardware, software, networks, or some
combination of the three. You will resolve some types of printer and scanner problems more
often than others. Table 7-10 is a chart of common printer and scanner problems and solu-

tions.

Table 7-10  Common Printer and Scanner Problems and Solutions

Problem Symptom

Possible Solution

Printer does not print

Delete the print job from the queue, and print
again.

Printer is printing unknown characters

Uninstall and reinstall the print driver.

Laser printer prints lines or streaks on
every page

Replace the toner cartridge.

Scanner head doesn’t move

Unlock the scanner head.

Computer doesn’t detect the scanner

Make sure that all the cables are connected prop-
erly.

SCSI scanner does not scan

Make sure that the scanner is started before the
compulter.
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Summary

This chapter discussed various types of printers and scanners. You learned that there are
many different types and sizes of printers and scanners, each with different capabilities,
speeds, and uses. You also learned that both printers and scanners can be connected directly
to computers, as well as shared across a network. This chapter also introduced the different
types of cables and interfaces available to connect a printer or scanner. Other facts about
printers and scanners covered in this chapter include the following:

= Some printers and scanners have low output and are adequate for home use, whereas
other printers and scanners have high output and are designed for commercial use.

= Printers may have different speeds and quality of print.

m Older printers and scanners use parallel cables and ports. Newer printers and scanners
typically use USB or FireWire cables and connectors.

m Larger printers and scanners may also have a NIC port to connect to a network.

= Newer printers and scanners are plug-and-play. The computer automatically installs the
necessary drivers.

m |f the computer does not automatically install the device drivers, you have to supply the
drivers on a CD or download them from the manufacturer’s website.

= Most optimization is done through software drivers and utilities.

= After you have set up the printer or scanner, you can share the device with other users
on the network. This arrangement is cost-efficient because there is no need for every
user to have a printer or scanner.

= A good preventive maintenance program will extend the life of printers and scanners
and keep them performing well.

= Troubleshooting printer and laptop problems requires the technician to identify, repair,
and document the problem. Troubleshooting steps include gathering data from cus-
tomer, verifying the obvious issues, trying quick solutions first, gathering data from the
computer, evaluating the problem, implementing the solution, and closing with the cus-
tomer.

Summary of Exercises

Thisis asummary of the Labs, Worksheets, Remote Technician exercises, Class
Discussions, Virtual Desktop activities, and Virtual Laptop activities associated with this
chapter.

Labs

The following labs cover material from this chapter. Refer to the labsin IT Essentials; PC
Hardware and Software Labs and Sudy Guide, Third Edition:

Lab 7.4.2: Install All-in-One Device and Software
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Check Your Understanding

You can find the answers to these questions in the appendix, “Answers to Check Your
Understanding Questions.”

1. Which technology do dot-matrix printers use?

A.

mOUOw

Digital

Drop electrostatic spray
Electrophotographic
Ink melting

I mpact

2. Which phase of the laser printing process includes applying toner to the latent image?

mmO O w>

Cleaning
Conditioning
Developing
Fusing
Transferring
Writing

3. What are three disadvantages of impact printers?

mmoO o w>

Expensive consumables

High power consumption

Limited color capability

Noisy printing

Slow printing

Unable to use continuous-feed paper

4. Which type of printer meltsink and sprays it through a nozzle ont